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Trends in Southern European 
strawberry

• Evaluating cultivars for tolerance to 
pathogens

• Fumigant regulations: Fewer available, 
Lowering rates and frequency of application 

FOCUS: 
1) maximize efficacy (tarps, methods of 
application/equipment, rotation of fumigants)
2) non-fumigant technologies



For better fumigation results

• Flat fumigation at high rates (85-90% control 
for M. phaseolina and F. oxysporum)

• Break or remove infested crowns
• Using TIF



2.5 in

7 in

2013-2014

Improving fumigant distribution 
with 2 additional ‘deep’ lines



Fumigant concentration time exposure index
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January 30 to March 18.

Marketable fruit yield

+ 15% + 10%


Chart1

		2 lines -full rate		2 lines -full rate

		2 lines - half rate		2 lines - half rate

		4 lines full - rate		4 lines full - rate

		4 lines - half rate		4 lines - half rate

		untreated		untreated



g/20 plants in first 8 harvests

4290

4289

4835

4614

4211



Sheet1

														YIELD, g		30-Jan				6-Feb				11-Feb				18-Feb				25-Feb				4-Mar				12-Mar				18-Mar

				# of red fruit /20 plants								total				market		unmarket		Market		Umanrket		market		unmarket		Market		Umanrket		market		unmarket		Market		Umanrket		Market		Umanrket		Market		Umanrket

		plot #		31-Dec		9-Jan		16-Jan		24-Jan																																						rep		trt		total market		plot #		total market
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		2		7		5		16		7		35				409		10		154		0		242		100		582		0		259		90		654		61		1202		257		375		70		1		4h		3877		2		3877
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g/20 plants in first 8 harvests
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Materials and Methods
• Field trial (Sept. 2014-June 2015) at Oxnard, CA: 

− Raised-beds production system with sandy loam soil.

• Bed configuration: 
− 45” (bed width), 16” (bed height), 68” (bed center-center).

• Installation tube depths: 
− 2” deep.

• Fumigant: 
− Tri-Clor EC [a mixture of 94% chloropicrin (CP) and 6% inert 

ingredients]

• Film type:
− PE vs. Virtually impermeable film (VIF; Filmtech Grozone, 

black). 

• Application rate: 
− 224 lbs/ac (full rate) vs. 112 lbs/ac (half rate).



Fumigant behavior 

• VIF-tarped beds had dramatically lower 
emission flux and much higher 
concentration than PE-tarped beds.

• Full rates > half rates, 4 lines > 2 lines



Concentration-time exposure index (µg cm-3 h)
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Weeds in planting holes



Yellow nutsedge shoots



Early (Dec-March) fruit yields
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		1		91		0				1		249		248				1		189		193						1		188		40				1		126		172				1		0		179				1		106		73				1		57		275				1		523		129				1		206		136				1		581		289				1		1875		188				1		816		459				1		1505		398		1		6		6512		1		2

		2		115		0				2		305		166				2		182		270						2		122		52				2		89		193				2		29		34				2		98		204				2		245		293				2		352		229				2		252		287				2		701		450				2		1399		426				2		889		426				2		2252		820		1		2		7030		2		6

		3		56		0				3		500		140				3		470		0						3		264		64				3		298		139				3		107		151				3		83		154				3		64		385				3		123		173				3		116		360				3		414		332				3		1247		300				3		1057		303				3		1368		897		1		5		6167		3		1

		4		0		0				4		171		8				4		182		86						4		157		93				4		250		226				4		197		21				4		296		57				4		387		530				4		129		84				4		309		143				4				76				4		1136		264				4		812		183				4		1260		222		1		1		5286		4		16

		5		65		32				5		388		73				5		370		104						5		270		159				5		126		237				5		39		20				5		71		44				5		84		160				5		220		101				5		295		35				5		242		412				5		1266		533				5		821		625				5		1209		446		1		4		5466		5		14

		6		36		52				6		260		168				6		320		109						6		249		103				6		180		168				6		93		71				6		248		200				6		0		236				6		228		146				6		91		47				6		528		475				6		1400		462				6		405		228				6		1678		700		1		3		5716		6		0

		7		113		25				7		265		235				7		195		164						7		158		76				7		168		67				7		48		85				7		253		33				7		175		382				7		464		226				7		206		91				7		605		219				7		1285		431				7		731		252				7		1208		1143		2		3		5874		7		3

		8		17		8				8		229		85				8		418		104						8		346		90				8		335		65				8		107		120				8		118		48				8		175		286				8		228		106				8		316		38				8		484		207				8		1109		509				8		584		458				8		840		328		2		5		5306		8		1

		9		34		15				9		371		244				9		339		72						9		358		36				9		72		182				9		143		55				9		241		41				9		150		284				9		218		283				9		201		75				9		493		220				9		1136		342				9		338		272				9		1411		562		2		6		5505		9		4

		10		92		29				10		221		115				10		265		69						10		297		66				10		330		155				10		168		82				10		311		184				10		319		340				10		217		440				10		304		55				10		823		300				10		1208		578				10		592		130				10		105		23		2		1		5252		10		12

		11		24		0				11		610		53				11		386		130						11		555		70				11		336		140				11		73		60				11		79		90				11		253		28				11		525		73				11		521		131				11		1201		501				11		1164		856				11		750		306				11		1350		1208		2		3		7827		11		3

		12		172		0				12		320		284				12		98		103						12		123		46				12		0		121				12		68		32				12		136		114				12		219		407				12		451		250				12		926		45				12		892		118				12		1032		798				12		253		240				12		914		580		2		2		5604		12		3

		13		90		15				13		403		118				13		214		107						13		173		129				13		74		279				13		186		168				13		168		256				13		208		288				13		215		87				13		613		185				13		780		180				13		1312		250				13		227		340				13		1140		325		3		1		5803		13		13

		14		0		0				14		225		78				14		444		67						14		182		88				14		190		176				14		157		54				14		118		119				14		353		363				14		242		31				14		386		90				14		513		268				14		1468		707				14		722		228				14		1010		227		3		5		6010		14		10

		15		0		16				15		253		31				15		656		60						15		404		137				15		47		119				15		69		182				15		190		140				15		511		225				15		181		252				15		775		280				15		580		204				15		1300		246				15		965		375				15		252		60		3		4		6183		15		0

		16		0		34				16		304		254				16		559		38						16		333		59				16		151		177				16		27		306				16		103		49				16		167		208				16		466		120				16		299		208				16		542		207				16		914		416				16		580		605				16		907		433		3		3		5352		16		3

		17		65		0				17		192		140				17		641		40						17		82		19				17		103		57				17		88		49				17		220		20				17		152		153				17		252		145				17		483		77				17		405		203				17		1004		94				17		968		288				17		940		819		3		2		5595		17		0

		18		20		0				18		221		272				18		407		171						18		261		214				18		124		45				18		169		227				18		129		36				18		66		143				18		84		123				18		388		150				18		374		216				18		1178		660				18		476		106				18		1637		866		3		6		5534		18		5

		19		0		0				19		350		130				19		323		0						19		286		48				19		53		104				19		122		70				19		61		164				19		220		41				19		68		102				19		233		280				19		211		100				19		1605		453				19		474		350				19		1575		646		4		3		5581		19		4

		20		0		58				20		240		295				20		35		73						20		196		59				20		186		103				20		80		203				20		351		208				20		239		114				20		86		188				20		275		255				20		512		386				20		1420		300				20		857		850				20		664		148		4		4		5141		20		2

		21		0		0				21		150		78				21		537		58						21		288		10				21		247		0				21		58		71				21		57		264				21		205		99				21		28		140				21		26		57				21		447		324				21		2094		684				21		851		327				21		968		425		4		5		5956		21		2

		22		19		47				22		235		103				22		342		93						22		96		210				22		92		113				22		36		0				22		55		0				22		17		87				22		151		210				22		358		154				22		509		223				22		1582		688				22		795		18				22		501		289		4		2		4788		22		1

		23		0		28				23		179		151				23		295		61						23		261		15				23		28		163				23		183		240				23		257		134				23		240		504				23		484		536				23		429		272				23		549		538				23		949		871				23		730		180				23		1812		1000		4		6		6396		23		9

		24		28		25				24		121		62				24		386		32						24		241		93				24		180		182				24		67		78				24		165		50				24		92		183				24		233		207				24		586		130				24		461		250				24		1670		345				24		590		287				24		1504		786		4		1		6324		24		40
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Mortality per 300 ft bed 
(F.oxysporum isolated)

May 2015



What’s next?
• Evaluate efficacy in Fusarium infested field
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What else can we do with 
Anaerobic Soil Disinfestation?

Oleg Daugovish, Anna Howell, Bill Rutan, Steve Koike 
(UC-ANR), Joji Muramoto and Carol Shennan (UCSC)



Effective ASD =
 C-source + water + plastic mulch

• Need C-source uniformly mixed
• Standard LDPE mulch – sufficient
• Black mulch as good as clear 
• 3 inches of water - sufficient
• 3 weeks duration in summer



For C-source:
• Rice bran applied to beds: at least 25% 

less needed
• Apply Glycerin at 4% by volume via drip

• Delay drip irrigation 1 wk after bedding 
• Apply no water after bedding 
• Drip-irrigate immediately

For water:





Anaerobic conditions

no water



Anaerobic conditions
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		2		A														2		A		33		7				ASD1		2		A		0		0				2		A		22		0				2		A		150		11				2		A		159		23				2		A		229		10						2		A		298		14				2		A		276		43				2		A		207		34				2		A		1374		142		1562.5		147.5		1		ASD1		1562.5				2		A		177		19				2		A		185		2				2		A		315		142				2		A		213		205				2		A		183		114				2		A		175		182				2		A		550		130				2		A		493		238				2		A		536		253						2		A		72		478						2		A		398		387				2		A		334		196				2		A		368		75				2		A		301		148				2		A		568		207				2		A		347		293				2		A		1028		176				2		A		1286		52
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		4		A														4		A		0		0				Untr		4		A		40		10				4		A		0		0				4		A		0		29				4		A		44		13				4		A		72		49						4		A		268		0				4		A		144		14				4		A		257		17				4		A		825		132		807		131.5		1		Untr		807				4		A		99		32				4		A		248		7				4		A		404		12				4		A		217		94				4		A		236		110				4		A		172		150				4		A		287		70				4		A		358		110				4		A		128		140						4		A		96		284						4		A		158		138				4		A		358		112				4		A		383		76				4		A		408		109				4		A		369		20				4		A		463		101				4		A		301		233				4		A		674		110
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		7		A														7		A		10		0				ASDno		7		A		30		0				7		A		48		0				7		A		0		10				7		A		128		0				7		A		424		27						7		A		338		43				7		A		303		42				7		A		229		54				7		A		1510		176		1596.5		146		2		ASDno		1596.5				7		A		229		42				7		A		329		5				7		A		425		55				7		A		275		181				7		A		560		28				7		A		279		16				7		A		364		164				7		A		526		20				7		A		477		85						7		A		430		475						7		A		296		305				7		A		327		282				7		A		489		180				7		A		566		270				7		A		754		145				7		A		558		230				7		A		426		172				7		A		688		261

		7		B														7		B		0		0						7		B		0		12				7		B		12		8				7		B		0		0				7		B		223		4				7		B		342		0						7		B		477		25				7		B		332		41				7		B		297		26				7		B		1683		116														7		B		270		35				7		B		300		37				7		B		92		7				7		B		266		110				7		B		485		65				7		B		260		62				7		B		378		47				7		B		396		12				7		B		526		110						7		B		646		283						7		B		332		130				7		B		321		350				7		B		297		227				7		B		203		147				7		B		410		131				7		B		320		219				7		B		319		122				7		B		578		221

		8		A														8		A		15		0				Gly		8		A		26		0				8		A		33		0				8		A		26		24				8		A		45		13				8		A		124		0						8		A		129		6				8		A		181		27				8		A		142		33				8		A		721		103		757.5		155.5		2		Gly		757.5				8		A		141		91				8		A		169		23				8		A		435		46				8		A		40		48				8		A		49		36				8		A		135		39				8		A		155		57				8		A		94		29				8		A		142		44						8		A		267		91						8		A		49		152				8		A		102		125				8		A		177		2667				8		A		150		202				8		A		262		236				8		A		320		219				8		A		360		237				8		A		746		284

		8		B														8		B		9		0						8		B		57		18				8		B		43		0				8		B		24		10				8		B		53		0				8		B		44		0						8		B		179		30				8		B		146		44				8		B		239		106				8		B		794		208														8		B		137		33				8		B		156		22				8		B		187		23				8		B		254		83				8		B		305		40				8		B		183		14				8		B		342		11				8		B		451		12				8		B		377		0						8		B		140		222						8		B		126		199				8		B		108		155				8		B		250		183				8		B		191		185				8		B		532		83				8		B		212		128				8		B		469		214				8		B		830		199

		9		A														9		A		0		0				ASD1		9		A		125		0				9		A		62		0				9		A		98		0				9		A		223		0				9		A		392		0						9		A		310		72				9		A		269		12				9		A		280		23				9		A		1759		107		1817.5		165.5		2		ASD1		1817.5				9		A		50		67				9		A		99		0				9		A		114		2				9		A		424		7				9		A		678		19				9		A		568		126				9		A		634		102				9		A		970		115				9		A		576		182						9		A		534		522						9		A		512		358				9		A		172		231				9		A		287		199				9		A		139		164				9		A		364		209				9		A		359		255				9		A		391		405				9		A		940		312

		9		B														9		B		80		0						9		B		89		34				9		B		68		0				9		B		74		11				9		B		161		0				9		B		380		23						9		B		476		26				9		B		281		0				9		B		267		130				9		B		1876		224														9		B		249		60				9		B		341		0				9		B		394		0				9		B		208		12				9		B		447		78				9		B		426		60				9		B		686		56				9		B		844		107				9		B		438		244						9		B		439		329						9		B		357		314				9		B		368		184				9		B		205		123				9		B		187		180				9		B		368		81				9		B		396		140				9		B		542		286				9		B		694		351

		10		A														10		A		17		8				ASD reg		10		A		40		0				10		A		14		0				10		A		34		0				10		A		155		12				10		A		396		10						10		A		358		44				10		A		401		82				10		A		271		48				10		A		1686		204		1635.5		220		2		ASD reg		1635.5				10		A		243		30				10		A		253		0				10		A		467		39				10		A		280		62				10		A		458		0				10		A		412		102				10		A		449		144				10		A		882		44				10		A		411		275						10		A		221		516						10		A		150		485				10		A		95		286				10		A		256		274				10		A		299		313				10		A		339		145				10		A		366		77				10		A		490		133				10		A		790		333

		10		B														10		B		0		9						10		B		74		23				10		B		46		0				10		B		30		24				10		B		334		14				10		B		461		0						10		B		281		71				10		B		178		35				10		B		181		60				10		B		1585		236														10		B		148		75				10		B		189		33				10		B		317		31				10		B		367		81				10		B		622		0				10		B		444		52				10		B		536		163				10		B		698		144				10		B		368		242						10		B		342		462						10		B		263		273				10		B		250		241				10		B		267		153				10		B		100		121				10		B		572		168				10		B		646		164				10		B		571		372				10		B		836		253

		11		A														11		A		0		0				ASDno		11		A		12		24				11		A		49		9				11		A		68		0				11		A		295		41				11		A		249		0						11		A		189		55				11		A		149		89				11		A		230		132				11		A		1241		350		1237		238		3		ASDno		1237				11		A		122		63				11		A		203		17				11		A		115		36				11		A		190		49				11		A		570		17				11		A		459		51				11		A		397		4				11		A		552		104				11		A		325		136						11		A		285		291						11		A		77		147				11		A		42		242				11		A		31		306				11		A		30		157				11		A		525		316				11		A		271		157				11		A		314		327				11		A		476		384

		11		B														11		B		0		0						11		B		70		0				11		B		21		10				11		B		40		0				11		B		105		0				11		B		265		27						11		B		257		28				11		B		284		15				11		B		191		46				11		B		1233		126														11		B		210		25				11		B		342		16				11		B		347		44				11		B		364		45				11		B		348		4				11		B		241		68				11		B		427		17				11		B		195		47				11		B		290		61						11		B		284		205						11		B		85		122				11		B		26		279				11		B		94		308				11		B		99		138				11		B		396		281				11		B		362		415				11		B		608		272				11		B		551		248

		12		A														12		A		0		0				Untr		12		A		33		9				12		A		21		0				12		A		30		0				12		A		78		0				12		A		134		0						12		A		161		4				12		A		244		22				12		A		125		31				12		A		826		66		959		93.5		3		Untr		959				12		A		191		117				12		A		80		33				12		A		206		51				12		A		316		137				12		A		251		104				12		A		201		70				12		A		248		80				12		A		328		62				12		A		170		82						12		A		237		232						12		A		128		188				12		A		44		184				12		A		92		172				12		A		48		153				12		A		162		334				12		A		299		151				12		A		229		211				12		A		471		317

		12		B														12		B		14		7						12		B		0		0				12		B		11		0				12		B		84		13				12		B		160		0				12		B		279		13						12		B		248		52				12		B		164		7				12		B		132		29				12		B		1092		121														12		B		91		37				12		B		169		38				12		B		240		22				12		B		320		49				12		B		287		39				12		B		458		36				12		B		522		26				12		B		328		17				12		B		319		84						12		B		270		196						12		B		132		114				12		B		211		120				12		B		168		190				12		B		33		164				12		B		39		261				12		B		235		130				12		B		590		127				12		B		592		216

		13		A		0		16										13		A		18		0				ASD reg		13		A		66		0				13		A		50		0				13		A		91		11				13		A		183		13				13		A		378		5						13		A		180		0				13		A		269		18				13		A		183		68				13		A		1418		131		1433.5		152		3		ASD reg		1433.5				13		A		186		67				13		A		202		22				13		A		353		14				13		A		371		57				13		A		369		31				13		A		724		0				13		A		710		122				13		A		860		61				13		A		593		248						13		A		484		186						13		A		281		309				13		A		242		268				13		A		123		107				13		A		123		93				13		A		301		186				13		A		490		340				13		A		518		182				13		A		980		297

		13		B		25		9										13		B		67		0						13		B		71		0				13		B		74		0				13		B		60		19				13		B		180		0				13		B		365		0						13		B		263		49				13		B		196		9				13		B		148		87				13		B		1449		173														13		B		115		36				13		B		135		6				13		B		217		37				13		B		449		19				13		B		352		37				13		B		332		26				13		B		520		27				13		B		740		58				13		B		760		83						13		B		536		194						13		B		169		175				13		B		328		288				13		B		384		191				13		B		343		142				13		B		458		128				13		B		546		170				13		B		812		87				13		B		812		321

		14		A														14		A		0		0				ASD1		14		A		61		36				14		A		36		51				14		A		66		7				14		A		170		0				14		A		352		30						14		A		160		19				14		A		404		27				14		A		174		37				14		A		1423		207		1691.5		220.5		3		ASD1		1691.5				14		A		58		40				14		A		194		46				14		A		508		52				14		A		579		111				14		A		411		127				14		A		608		32				14		A		506		56				14		A		321		91				14		A		359		201						14		A		314		346						14		A		188		436				14		A		38		99				14		A		357		211				14		A		215		321				14		A		353		220				14		A		392		290				14		A		487		235				14		A		730		241

		14		B		47		0										14		B		27		0						14		B		105		23				14		B		30		0				14		B		155		3				14		B		181		42				14		B		377		0						14		B		378		70				14		B		311		11				14		B		349		85				14		B		1960		234														14		B		72		10				14		B		186		25				14		B		211		45				14		B		278		86				14		B		407		42				14		B		338		0				14		B		477		51				14		B		594		60				14		B		568		282						14		B		516		411						14		B		338		391				14		B		368		195				14		B		267		187				14		B		205		94				14		B		267		112				14		B		243		219				14		B		600		332				14		B		948		176

		15		A														15		A		53		0				Gly		15		A		31		18				15		A		51		0				15		A		0		28				15		A		85		9				15		A		140		78						15		A		150		17				15		A		218		31				15		A		212		33				15		A		940		214		926.5		195.5		3		Gly		926.5				15		A		241		9				15		A		115		0				15		A		253		0				15		A		228		47				15		A		384		0				15		A		399		44				15		A		462		12				15		A		592		128				15		A		261		177						15		A		263		410						15		A		272		287				15		A		379		180				15		A		518		143				15		A		218		264				15		A		457		191				15		A		497		208				15		A		466		275				15		A		668		316

		15		B														15		B		23		0						15		B		37		0				15		B		0		0				15		B		83		0				15		B		119		33				15		B		250		0						15		B		147		33				15		B		156		36				15		B		98		75				15		B		913		177														15		B		249		16				15		B		53		23				15		B		142		31				15		B		254		97				15		B		447		9				15		B		454		60				15		B		584		47				15		B		385		54				15		B		345		123						15		B		249		210						15		B		214		205				15		B		365		153				15		B		263		77				15		B		291		205				15		B		284		81				15		B		388		280				15		B		514		297				15		B		702		241

		16		A		44		8										16		A		20		8				ASDno		16		A		34		44				16		A		29		0				16		A		78		20				16		A		178		24				16		A		284		0						16		A		162		42				16		A		162		0				16		A		172		87				16		A		1163		233		1401.5		195		4		ASDno		1401.5				16		A		339		34				16		A		313		30				16		A		170		110				16		A		538		136				16		A		530		18				16		A		495		117				16		A		611		86				16		A		778		145				16		A		415		538						16		A		422		348						16		A		258		237				16		A		303		66				16		A		415		114				16		A		292		137				16		A		406		419				16		A		376		273				16		A		360		502				16		A		628		514

		16		B														16		B		0		0						16		B		66		0				16		B		0		0				16		B		50		0				16		B		121		0				16		B		398		0						16		B		359		16				16		B		392		39				16		B		254		102				16		B		1640		157														16		B		76		20				16		B		480		20				16		B		423		0				16		B		299		59				16		B		473		46				16		B		292		57				16		B		322		28				16		B		516		93				16		B		473		68						16		B		400		150						16		B		271		262				16		B		215		285				16		B		188		300				16		B		250		256				16		B		464		365				16		B		448		223				16		B		486		369				16		B		688		190

		17		A		16												17		A		21		0				ASD reg		17		A		71		0				17		A		0		0				17		A		100		0				17		A		235		0				17		A		318		25						17		A		312		43				17		A		197		64				17		A		215		113				17		A		1485		245		1532		185.5		4		ASD reg		1532				17		A		276		24				17		A		339		9				17		A		399		223				17		A		357		126				17		A		487		20				17		A		610		160				17		A		684		108				17		A		638		215				17		A		287		536						17		A		230		380						17		A		215		291				17		A		383		237				17		A		312		212				17		A		281		233				17		A		608		267				17		A		478		247				17		A		775		470				17		A		701		469

		17		B														17		B		0		0						17		B		53		0				17		B		24		0				17		B		140		0				17		B		200		0				17		B		404		28						17		B		209		42				17		B		328		18				17		B		221		38				17		B		1579		126														17		B		287		46				17		B		141		4				17		B		576		6				17		B		530		15				17		B		530		38				17		B		412		40				17		B		534		164				17		B		444		83				17		B		720		335						17		B		582		407						17		B		335		554				17		B		178		284				17		B		287		369				17		B		232		199				17		B		294		309				17		B		249		168				17		B		550		191				17		B		564		584

		18		A														18		A		0		0				Untr		18		A		69		0				18		A		0		23				18		A		33		0				18		A		82		0				18		A		237		47						18		A		225		21				18		A		243		39				18		A		240		8				18		A		1129		138		1196		123		4		Untr		1196				18		A		97		36				18		A		127		0				18		A		175		0				18		A		500		58				18		A		502		0				18		A		363		158				18		A		273		103				18		A		330		219				18		A		154		180						18		A		109		227						18		A		57		276				18		A		94		154				18		A		356		115				18		A		173		153				18		A		286		303				18		A		327		375				18		A		488		202				18		A		732		365

		18		B														18		B		0		0						18		B		13		0				18		B		24		0				18		B		82		0				18		B		111		0				18		B		282		20						18		B		252		18				18		B		297		33				18		B		202		37				18		B		1263		108														18		B		182		42				18		B		353		0				18		B		282		29				18		B		429		45				18		B		514		51				18		B		250		72				18		B		254		125				18		B		330		110				18		B		385		252						18		B		112		524						18		B		115		254				18		B		177		178				18		B		390		233				18		B		240		321				18		B		339		310				18		B		714		228				18		B		486		240				18		B		616		204

		19		A														19		A		29		0				Gly		19		A		54		0				19		A		73		8				19		A		98		8				19		A		14		0				19		A		227		0						19		A		125		37				19		A		264		8				19		A		221		35				19		A		1105		96		1067		86.5		4		Gly		1067				19		A		97		27				19		A		99		15				19		A		37		0				19		A		287		30				19		A		476		35				19		A		464		198				19		A		325		164				19		A		347		240				19		A		207		470						19		A		52		461						19		A		90		266				19		A		147		215				19		A		169		168				19		A		174		191				19		A		244		174				19		A		370		226				19		A		614		361				19		A		722		300

		19		B														19		B		17		0						19		B		27		0				19		B		0		0				19		B		0		0				19		B		25		0				19		B		107		10						19		B		222		34				19		B		363		31				19		B		268		2				19		B		1029		77														19		B		151		34				19		B		86		27				19		B		112		40				19		B		159		54				19		B		258		178				19		B		258		333				19		B		582		176				19		B		425		113				19		B		558		247						19		B		163		245						19		B		55		332				19		B		199		231				19		B		269		91				19		B		131		143				19		B		82		106				19		B		357		268				19		B		308		246				19		B		844		183

		20		A		22												20		A		86		13				ASD1		20		A		160		0				20		A		54		17				20		A		82		33				20		A		230		7				20		A		176		55						20		A		258		84				20		A		215		11				20		A		357		74				20		A		1640		294		1515.5		190.5		4		ASD1		1515.5				20		A		192		39				20		A		239		141				20		A		183		0				20		A		277		175				20		A		546		28				20		A		443		102				20		A		288		143				20		A		307		136				20		A		176		335						20		A		116		481						20		A		10		301				20		A		57		259				20		A		264		184				20		A		255		332				20		A		473		220				20		A		350		337				20		A		612		341				20		A		1138		270

		20		B		21												20		B		15		0						20		B		0		0				20		B		20		0				20		B		70		0				20		B		116		0				20		B		283		33						20		B		400		30				20		B		388		10				20		B		78		14				20		B		1391		87														20		B		151		36				20		B		291		0				20		B		242		55				20		B		269		111				20		B		366		87				20		B		300		228				20		B		315		87				20		B		604		147				20		B		425		201						20		B		147		516						20		B		181		390				20		B		104		440				20		B		193		394				20		B		244		258				20		B		282		248				20		B		482		261				20		B		433		297				20		B		452		280

														By May 25		by March 18						12/1/14												12/8/14										12/12/14										12/17/14										12/24/14										12/31/14												1/7/15										1/14/15										1/21/15																														1/28/15										2/4/15										2/11/15										2/18/15										2/25/15										3/4/15										3/11/15										3/18/15										3/25/15												4/1/15												4/8/15										4/15/15										4/22/15										4/29/15										5/6/15										5/13/15										5/20/15										5/27/15

														8735.875		4481.875		ASD reg				23.75												58.875										31.125										74.375										197.375										338.75												267.875										266.5										202.625																														196.5										201.25										339.625										353.25										402.125										431.25										483.25										613.375										500.125												365.75												279.5										293.5										303.75										266.375										427.875										487.75										603.25										726.125

														8682.625		4567.875		ASD 1 wk				30.125												78.375										36.5										98.5										165.875										313.625												329										339										244.5																														145.875										216.375										307.625										332.5										460.75										406.875										503.25										559.125										481												333.75												276.125										242.5										322										236.375										448.25										426										594.25										754.5
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		16		A		44		8										16		A		20		8				ASDno		16		A		34		44				16		A		29		0				16		A		78		20				16		A		178		24				16		A		284		0						16		A		162		42				16		A		162		0				16		A		172		87				16		A		1163		233		1401.5		195		4		ASDno		1401.5				16		A		339		34				16		A		313		30				16		A		170		110				16		A		538		136				16		A		530		18				16		A		495		117				16		A		611		86				16		A		778		145				16		A		415		538						16		A		422		348						16		A		258		237				16		A		303		66				16		A		415		114				16		A		292		137				16		A		406		419				16		A		376		273				16		A		360		502				16		A		628		514

		16		B														16		B		0		0						16		B		66		0				16		B		0		0				16		B		50		0				16		B		121		0				16		B		398		0						16		B		359		16				16		B		392		39				16		B		254		102				16		B		1640		157														16		B		76		20				16		B		480		20				16		B		423		0				16		B		299		59				16		B		473		46				16		B		292		57				16		B		322		28				16		B		516		93				16		B		473		68						16		B		400		150						16		B		271		262				16		B		215		285				16		B		188		300				16		B		250		256				16		B		464		365				16		B		448		223				16		B		486		369				16		B		688		190

		17		A		16												17		A		21		0				ASD reg		17		A		71		0				17		A		0		0				17		A		100		0				17		A		235		0				17		A		318		25						17		A		312		43				17		A		197		64				17		A		215		113				17		A		1485		245		1532		185.5		4		ASD reg		1532				17		A		276		24				17		A		339		9				17		A		399		223				17		A		357		126				17		A		487		20				17		A		610		160				17		A		684		108				17		A		638		215				17		A		287		536						17		A		230		380						17		A		215		291				17		A		383		237				17		A		312		212				17		A		281		233				17		A		608		267				17		A		478		247				17		A		775		470				17		A		701		469

		17		B														17		B		0		0						17		B		53		0				17		B		24		0				17		B		140		0				17		B		200		0				17		B		404		28						17		B		209		42				17		B		328		18				17		B		221		38				17		B		1579		126														17		B		287		46				17		B		141		4				17		B		576		6				17		B		530		15				17		B		530		38				17		B		412		40				17		B		534		164				17		B		444		83				17		B		720		335						17		B		582		407						17		B		335		554				17		B		178		284				17		B		287		369				17		B		232		199				17		B		294		309				17		B		249		168				17		B		550		191				17		B		564		584

		18		A														18		A		0		0				Untr		18		A		69		0				18		A		0		23				18		A		33		0				18		A		82		0				18		A		237		47						18		A		225		21				18		A		243		39				18		A		240		8				18		A		1129		138		1196		123		4		Untr		1196				18		A		97		36				18		A		127		0				18		A		175		0				18		A		500		58				18		A		502		0				18		A		363		158				18		A		273		103				18		A		330		219				18		A		154		180						18		A		109		227						18		A		57		276				18		A		94		154				18		A		356		115				18		A		173		153				18		A		286		303				18		A		327		375				18		A		488		202				18		A		732		365

		18		B														18		B		0		0						18		B		13		0				18		B		24		0				18		B		82		0				18		B		111		0				18		B		282		20						18		B		252		18				18		B		297		33				18		B		202		37				18		B		1263		108														18		B		182		42				18		B		353		0				18		B		282		29				18		B		429		45				18		B		514		51				18		B		250		72				18		B		254		125				18		B		330		110				18		B		385		252						18		B		112		524						18		B		115		254				18		B		177		178				18		B		390		233				18		B		240		321				18		B		339		310				18		B		714		228				18		B		486		240				18		B		616		204

		19		A														19		A		29		0				Gly		19		A		54		0				19		A		73		8				19		A		98		8				19		A		14		0				19		A		227		0						19		A		125		37				19		A		264		8				19		A		221		35				19		A		1105		96		1067		86.5		4		Gly		1067				19		A		97		27				19		A		99		15				19		A		37		0				19		A		287		30				19		A		476		35				19		A		464		198				19		A		325		164				19		A		347		240				19		A		207		470						19		A		52		461						19		A		90		266				19		A		147		215				19		A		169		168				19		A		174		191				19		A		244		174				19		A		370		226				19		A		614		361				19		A		722		300

		19		B														19		B		17		0						19		B		27		0				19		B		0		0				19		B		0		0				19		B		25		0				19		B		107		10						19		B		222		34				19		B		363		31				19		B		268		2				19		B		1029		77														19		B		151		34				19		B		86		27				19		B		112		40				19		B		159		54				19		B		258		178				19		B		258		333				19		B		582		176				19		B		425		113				19		B		558		247						19		B		163		245						19		B		55		332				19		B		199		231				19		B		269		91				19		B		131		143				19		B		82		106				19		B		357		268				19		B		308		246				19		B		844		183

		20		A		22												20		A		86		13				ASD1		20		A		160		0				20		A		54		17				20		A		82		33				20		A		230		7				20		A		176		55						20		A		258		84				20		A		215		11				20		A		357		74				20		A		1640		294		1515.5		190.5		4		ASD1		1515.5				20		A		192		39				20		A		239		141				20		A		183		0				20		A		277		175				20		A		546		28				20		A		443		102				20		A		288		143				20		A		307		136				20		A		176		335						20		A		116		481						20		A		10		301				20		A		57		259				20		A		264		184				20		A		255		332				20		A		473		220				20		A		350		337				20		A		612		341				20		A		1138		270

		20		B		21												20		B		15		0						20		B		0		0				20		B		20		0				20		B		70		0				20		B		116		0				20		B		283		33						20		B		400		30				20		B		388		10				20		B		78		14				20		B		1391		87														20		B		151		36				20		B		291		0				20		B		242		55				20		B		269		111				20		B		366		87				20		B		300		228				20		B		315		87				20		B		604		147				20		B		425		201						20		B		147		516						20		B		181		390				20		B		104		440				20		B		193		394				20		B		244		258				20		B		282		248				20		B		482		261				20		B		433		297				20		B		452		280

														By May 25		by March 18						12/1/14												12/8/14										12/12/14										12/17/14										12/24/14										12/31/14												1/7/15										1/14/15										1/21/15																														1/28/15										2/4/15										2/11/15										2/18/15										2/25/15										3/4/15										3/11/15										3/18/15										3/25/15												4/1/15												4/8/15										4/15/15										4/22/15										4/29/15										5/6/15										5/13/15										5/20/15										5/27/15

														8735.875		4481.875		ASD reg				23.75												58.875										31.125										74.375										197.375										338.75												267.875										266.5										202.625																														196.5										201.25										339.625										353.25										402.125										431.25										483.25										613.375										500.125												365.75												279.5										293.5										303.75										266.375										427.875										487.75										603.25										726.125

														8682.625		4567.875		ASD 1 wk				30.125												78.375										36.5										98.5										165.875										313.625												329										339										244.5																														145.875										216.375										307.625										332.5										460.75										406.875										503.25										559.125										481												333.75												276.125										242.5										322										236.375										448.25										426										594.25										754.5

														7979.75		4177.5		ASD w/o water				3.75												35.375										23.625										41.5										176.625										304.625												291.75										287.5										230.875																														207.125										323.875										250.625										338.375										477.875										319.5										396.625										467.875										405.125												250.375												224.5										235.375										315.875										231.875										409.5										367.25										604.125										758.25

														6914.875		3052.875		Glycerin				20.75												39.375										26.5										45.5										69.375										166.75												157.75										220.75										197.5																														152.375										122.875										203.875										232.875										337.5										292.5										405.25										361.375										358												285.125												252.5										335.25										335.5										255.5										374.125										431.5										566.375										668.125

														5750.875		2093.5		Untreated				9.5												14.5										10.25										24.125										64.875										104.625												165.875										130.25										130								by March 18		by May 25																				103										123.375										135.625										188.125										190										177.625										249.125										272.625										346.375												264.375												206.625										320.625										344.125										228.625										318										430.625										517.125										680.875

																																																																																																														ASD regular				4481.875		8735.875		ab				ASD reg																																																																																										by March 18

																																																																																																												67% more		ASD 1 wk delay				4567.875		8682.625		a				ASD 1 wk																																																																																18-Mar										4481.875												25-Mar

																																																																																																														ASD w/o water				4177.5		7979.75		b				ASD w/o water																																																																																				fruit counts						4567.875																fruit counts

																																																																																																														Glycerin				3052.875		6914.875		c				Glycerin																																																																																Plot #		subplot		Unm total		Bird damaged				4177.5												Plot #		subplot		Unm total		Bird damaged

																																																																																																														Untreated				2093.5		5750.875		c				Untreated																																																																																1		A		10		4				3052.875												1		A		18		4

																																																																																																																																																																																																										1		B		8		2				2093.5												1		B		24		1

																																																																																																																																																																																																										2		A		18		7																2		A		15		3

																																																																																																																																																																																																										2		B		7		2																2		B		24		10

																																																																																																																																																																																																										3		A		19		8																3		A		24		6

																																																																																																																																																																																																										3		B		4		1																3		B		8		2

																																																																																																																																																																																																										4		A		7		3																4		A		13		1

																																																																																																																																																																																																										4		B		5		0																4		B		16		3

																																																																																																																																																																																																										5		A		10		5																5		A		16		3

																																																																																																																																																																																																										5		B		6		0																5		B		22		1

																																																																																																																																																																																																										6		A		5		0																6		A		8		1

																																																																																																																																																																																																										6		B		3		0																6		B		7		1

																																																																																																																																																																																																										7		A		1		0																7		A		6		2

																																																																																																																																																																																																										7		B		2		0																7		B		7		1

																																																																																																																																																																																																										8		A		3		1																8		A		7		0

																																																																																																																																																																																																										8		B		1		0																8		B		0		0

																																																																																																																																																																																																										9		A		8		1																9		A		13		4

																																																																																																																																																																																																										9		B		7		2																9		B		19		2

																																																																																																																																																																																																										10		A		5		0																10		A		22		2

																																																																																																																																																																																																										10		B		11		1																10		B		18		3

																																																																																																																																																																																																										11		A		9		0																11		A		14		1

																																																																																																																																																																																																										11		B		4		1																11		B		10		0

																																																																																																																																																																																																										12		A		6		0																12		A		5		0

																																																																																																																																																																																																										12		B		2		0																12		B		7		1

																																																																																																																																																																																																										13		A		6		0																13		A		15		3

																																																																																																																																																																																																										13		B		4		0																13		B		5		0

																																																																																																																																																																																																										14		A		5		1																14		A		14		2

																																																																																																																																																																																																										14		B		5		1																14		B		11		2

																																																																																																																																																																																																										15		A		8		1																15		A		10		0

																																																																																																																																																																																																										15		B		5		0																15		B		10		1

																																																																																																																																																																																																										16		A		9		1																16		A		32		7

																																																																																																																																																																																																										16		B		6		0																16		B		6		0

																																																																																																																																																																																																										17		A		20		2																17		A		34		6

																																																																																																																																																																																																										17		B		9		0																17		B		22		0

																																																																																																																																																																																																										18		A		17		5																18		A		15		5

																																																																																																																																																																																																										18		B		6		3																18		B		19		2

																																																																																																																																																																																																										19		A		15		6																19		A		28		8

																																																																																																																																																																																																										19		B		7		5																19		B		18		5
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no weeds/20planting holes

Weeds in planting holes on Nov-Dec, 2014
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				weed number (nettele, sowthistale and l-quarters) in planting holes

				plot										block		trt		7-Dec				7-Jan		total

				1								1		1		ASDreg		0				0		0

				2								2		1		ASD1		0				0		0

				3				bindweed				3		1		ASDno		1				0		1

				4								4		1		Untr		0				1		1

				5								5		1		Gly		2				0		2

				6								6		2		Untr		3				1		4

				7								7		2		ASDno		0				0		0

				8								8		2		Gly		2				1		3

				9								9		2		ASD1		0				1		1

				10								10		2		ASDreg		0				1		1

				11								11		3		ASDno		0				0		0

				12								12		3		Untr		4				1		5

				13								13		3		ASDreg		0				0		0

				14								14		3		ASD1		0				0		0

				15								15		3		Gly		2				2		4

				16								16		4		ASDno		0				0		0

				17								17		4		ASDreg		0				0		0

				18								18		4		Untr		1				3		4

				19								19		4		Gly		0				1		1

				20								20		4		ASD1		0				0		0

												at P=0.05

						ASD regular				0.25		a

						ASD 1 wk delay				0.25		a

						ASD w/o water				0.25		a

						Glycerin				2.5		b

						Untreated				3.5		b
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Weeds in planting holes on Nov. 21, 2014
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Glycerin (applied in August) 
in beds in June



Soil in ASD with 9T rice bran vs 
untreated

• Lower bulk density, ECe (salinity), likely due to 
differences in infiltration and leaching

• 30-35% greater volumetric water content at 8-16 cm 
soil depth (water holding capacity)

• Twice more residual Olsen P205 at 0-30cm (12 inch) 
soil profile in planting holes 

• Similarity of microbial communities among all 
treatments with rice bran, distinctly different from 
those observed in untreated and glycerin 
treatments. 



What’s next?
C-sources: 
favorable C/N ratio, local, available, cheap

Coffee grounds 
(Roasting plant at Camarillo)

Spent grain
(Surf Brewery, Ventura)

Grass clippings
(Southland Sod at Camarillo)



Anaerobic conditions: spent grain

Untreated

4.5 t /A dry weight

9 t /A dry weight



C-sources research support

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCLinyPqrzMcCFQt-kgodZ-AGHw&url=http%3A%2F%2Fragtagriot.com%2Fi-need-coffee-because-monday%2F&ei=3Z_gVfhEi_zJBOfAm_gB&psig=AFQjCNHRSI3YYDa2-OB4wpYyTCKwRkFdfw&ust=1440870711955145
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNfr-8CszMcCFYYIkgodfgIMYg&url=http%3A%2F%2Fwww.goodenoughmother.com%2F2011%2F04%2Fwhy-mowing-the-lawn-is-mans-work%2F&ei=cKDgVdfzJ4aRyAT-hLCQBg&psig=AFQjCNFvA4DKm6Ro3wVCHxSiKG0SvDBuPA&ust=1440870787559757
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKX6iJ2tzMcCFc4JkgodXnkEwQ&url=http%3A%2F%2Fmariwestad.com%2F2015%2F07%2F30%2Fa-quick-travel-guide-trondheim%2F&ei=MaHgVeWdMc6TyATe8pGIDA&psig=AFQjCNEZ3PCsdid-7dx2DLiO1vfTYC1mMg&ust=1440871031425430
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