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FUMIGATION
+ Reliable;  No Residues in Crop; Variable Costs

• Methyl Bromide, Chloropicrin, MITC Generators, 1,3-D, 
• DMDS in Cal/EPA registration process

Conventional Fumigation 
(Acres, California 2007):

Methyl Bromide/Chloropicrin:    40,000
Telone/Chloropicrin:                     17,000
Telone II:                                         37,000
Chloropicrin alone:                          6,000
Metam sodium:                   77,000

TOTAL: ~ 180,000 acres annually

Significant Regulatory Pressure: 

 Buffer zones

 VOCs regulations

 Application rates

Resulted in development of new film (tarp) 
technology:

 “Virtually impermeable (VIF)”

 “Totally impermeable (TIF)” 



“Semi-impermeable”                   
Tri-extruded LDPE

LDPE

LDPE
Polyamide“Virtually impermeable (VIF)”          

LDPE + Nylon barrier

LDPE

LDPE
LDPE

LDPE

LDPE
EVOHAdmer            

Adhesive
“Totally impermeable (TIF)”          
5-layer EVOH resin barrier

“Standard” polyethylene 
tarp (HDPE or LDPE)

LDPE

Agricultural Film (tarp) Types
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Fumigant concentration under tarp



Soil depth 
(cm)

PE field TIF field

1,3-D CP 1,3-D CP
0 88 10 353 87
5 97 14 362 86

15 131 28 385 102
25 211 83 392 124
35 332 243 307 108
45 197 122 265 69
55 105 54 54 32
70 n/a n/a 2 2

Concentration-time (CT) exposure index (µg cm-3·h) 
of 1,3-D and CP in 2009 Oxnard fumigation trial



Pests controlled with fumigants
• Soil borne diseases

– Pythium
– Phytopthora
– Verticillium
– Others (Macrophomina, Fusarium, 

Rhizoctonia, Colletotrichum coccodes,…..)
• Nematodes
• Insects
• Weeds

– Volunteer crops
– Annual & perennial weeds



Macrophomina (Charcoal Rot)

Macrophomina problems are increasing on fields treated 
consecutively via drip fumigation (or low application rates of 

alternative fumigants).  Growers need to fumigate with 
methyl bromide or methyl iodide to keep these fields viable 

for crop production.



Fusarium wilt control requires methyl bromide



Alternative Fumigants 

Summary of Previous Research:

Fumigant application rates 
required to control soil-borne 

fungal pathogens



Methyl Bromide + chloropicrin (57%MeBr + 43%Pic)

 For control of Verticillium dahliae: 300 to 400 lb/a
 Excellent control of Phytophthora cactorum, 
Pythium sp., and citrus nematode)

 Excellent control of Macrophomina and Fusarium

Summary



Telone C35 or Inline (62% 13-D + 33% Pic) 

 For control of Verticillium dahliae: 425 lb/a
 For P. cactorum, Pythium spp., and citrus 
nematode: 300 to 400 lb/a) 

 Control of Macrophomina and Fusarium: >400 lb/a 
under retentive film (VIF/TIF)

Summary



Chloropicrin (Pic) 

 For control of Verticillium dahliae: 200 to 300 lb/a
 For control of P. cactorum, Pythium sp., and citrus 
nematode: 300 to 400 lb/a) 

 Control of Macrophomina and Fusarium: 300 lb/a 
under VIF/TIF

Summary



Pic-Clor 60 (60% chloropicrin + 40% 1,3-D) 

 For control of Verticillium dahliae: 300 to 350 lb/a
 For control of P. cactorum, Pythium sp., and citrus 
nematode: 250 to 350 lb/a) 

 Control of Macrophomina and Fusarium: 350 lb/a 
under VIF/TIF

Summary



MITC Generators 
(metam sodium & metam potassium)
 
 For control of Verticillium dahliae: >300 lb ai/a
 For P. cactorum, Pythium spp., and citrus 
nematode: 200 to 300 lb ai/a 

 Can provide enhanced efficacy of pest control when 
used in conjunction with other fumigants

 Control of Macrophomina and Fusarium: ???

Summary



Mike Allan

Summary

Allyl isothiocyanate



Summary



Summary



Dimethyl disulfide (DMDS)
 
 EPA Registration was granted in 2010 (Arkema)
Applied only under VIF/TIF

 Used as a flavoring for an onion or  garlic taste in 
some processed cheese and meat (0.02-10 ppm)

 Efficacy?? (Rates: 400 – 650 lb/a)

Paladin: a new fumigant



ODOR
DMDS (PALADIN® ) has a strong, objectionable odor 
which can be detected at concentrations significantly 
below the levels that can potentially cause harm.  The 
odor is a garlic-like or natural gas and may be confused 
with the odor of or propane leak.  

Minimum tarp removal on the label is 14 days. With 
VIF/TIF tarps and for odor mitigation, minimum tarp 
removal will be based on soil temp and the plant back 
chart.



Laboratory dose-response studies

80% inhibitory concentration (MIC80)

Soil

fumigant

Application rate to control 80% of pathogens population (lbs/ac)

Fusarium 
Oxysporum

Pythium 
ultimum

Rhizoctonia 
solani

Tylenchulus 
semipenetrans

Verticillium 
dahlia

DMDS:Pic 
(79:21)

288 144 432 72 370

MBr:Pic 
(50:50)

150 75 300 38 275



Treatment                                                                           Lbs product/A

Untreated

MeBr (57:43) +Standard Film 350 lbs

Pic + TIF 200 lbs

Paladin 70:30 280 lbs

Paladin 70:30 315 lbs

Paladin 70:30 350 lbs

Paladin 65:35 260 lbs

Paladin 65:35 383 lbs

Paladin 79:21 378 lbs

Paladin 79:21 500 lbs

Paladin 60:40 450 lbs

Paladin 50:50 400 lbs

Paladin research, 2012
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Paladin Shank Treatments
Marketable yield to date, Salinas 2012



Summary

No phytotoxicity or plant mortality was observed in 
any of the Paladin treatments. 

Maximum yields were obtained with Paladin 50/50 
@400 lbs/ac, Paladin 60/40 @450 lbs/ac, and 
Paladin 79/21 @500 lbs/ac.

Undergoing research on shank and drip applications 
of IRF135 (allyl isothiocyanate). 



Emission Reduction Research
2011 Flux Research: TIF Cutting Time

To determine the best tarp cutting time, studies 
were conducted on 3 separate fields  (2 or 8 acres) in 
Lost Hills near Bakersfield in June, 2011.  

Pic-Clor 60 soil fumigant (60% chloropicrin and 40% 
1,3-D) was applied by shank injection under TIF at 12 
inches deep. 

Target application rate was 588 lbs/ac of Pic-Clor60 
(350 lbs of chloropicrin plus 238 lbs of 1,3-D). 



Tarp cutting time
Shank applications, 2 to 8 acres each field



Tarp cutting was done after 5, 10, and 16 days
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Off-Field Air Quality Monitoring 
Stations
Meteorological Monitoring 
Stations

Field layout showing locations of the monitoring stations


ISCST3 Base File

		CO		STARTING

		CO		TITLEONE		Wasco, California Summer 2009

		CO		MODELOPT		DFAULT		CONC		RURAL

		CO		AVERTIME		1

		CO		POLLUTID		OTHER

		CO		TERRHGTS		FLAT

		CO		FLAGPOLE		1.5

		CO		RUNORNOT		RUN

		CO		FINISHED

		SO		STARTING

		SO		LOCATION		FIELD1		AREAPOLY		1709.79		1325.79

		SO		SRCPARAM		FIELD1		1.00E-06		0		4

		SO		AREAVERT		FIELD1		1709.79		1325.79		1710.58		1388.07		1773.81		1387.49		1773.25		1325.33

		SO		LOCATION		FIELD2		AREAPOLY		1073.38		959.07

		SO		SRCPARAM		FIELD2		1.00E-06		0		4.00

		SO		AREAVERT		FIELD2		1073.38		959.07		1073.76		1017.44		1136.33		1015.28		1136.56		956.63

		SO		LOCATION		FIELD3		AREAPOLY		1707.65		472.62

		SO		SRCPARAM		FIELD3		1.00E-06		0		4

		SO		AREAVERT		FIELD3		1707.65		472.62		1708.41		535.12		1772.35		534.96		1770.96		471.88

		SO		LOCATION		FIELD4		AREAPOLY		14.89		530.71

		SO		SRCPARAM		FIELD4		1.00E-06		0		4.00

		SO		AREAVERT		FIELD4		14.89		530.71		15.25		594.38		77.35		594.26		76.84		530.46

		SO		LOCATION		FIELD5		AREAPOLY		0.00		0.00

		SO		SRCPARAM		FIELD5		1.00E-06		0		4

		SO		AREAVERT		FIELD5		0.00		0.00		1.46		63.06		65.78		62.78		65.33		-0.59

		SO		SRCGROUP		FIELD1		FIELD1

		SO		SRCGROUP		FIELD2		FIELD2

		SO		SRCGROUP		FIELD3		FIELD3

		SO		SRCGROUP		FIELD4		FIELD4

		SO		SRCGROUP		FIELD5		FIELD5

		SO		FINISHED

		RE		STARTING

		RE		DISCCART		1742.08		1400.00		1.5

		RE		DISCCART		1791.85		1405.43		1.5

		RE		DISCCART		1786.23		1356.36		1.5

		RE		DISCCART		1790.90		1307.05		1.5

		RE		DISCCART		1742.05		1312.97		1.5

		RE		DISCCART		1696.19		1305.39		1.5

		RE		DISCCART		1697.80		1356.79		1.5

		RE		DISCCART		1692.91		1405.70		1.5

		RE		DISCCART		1105.49		1033.07		1.5

		RE		DISCCART		1154.61		1037.97		1.5

		RE		DISCCART		1148.63		990.35		1.5

		RE		DISCCART		1154.28		940.67		1.5

		RE		DISCCART		1105.23		945.69		1.5

		RE		DISCCART		1056.06		941.47		1.5

		RE		DISCCART		1060.70		990.32		1.5

		RE		DISCCART		1056.80		1039.08		1.5

		RE		DISCCART		1740.95		548.46		1.5

		RE		DISCCART		1790.19		552.41		1.5

		RE		DISCCART		1783.54		503.31		1.5

		RE		DISCCART		1786.74		453.97		1.5

		RE		DISCCART		1738.30		460.69		1.5

		RE		DISCCART		1690.19		455.70		1.5

		RE		DISCCART		1695.83		505.47		1.5

		RE		DISCCART		1692.56		554.69		1.5

		RE		DISCCART		45.49		606.80		1.5

		RE		DISCCART		94.71		612.26		1.5

		RE		DISCCART		89.77		562.21		1.5

		RE		DISCCART		94.23		512.77		1.5

		RE		DISCCART		45.74		518.91		1.5

		RE		DISCCART		0.40		510.77		1.5

		RE		DISCCART		2.22		562.52		1.5

		RE		DISCCART		-2.70		611.98		1.5

		RE		DISCCART		33.77		74.98		1.5

		RE		DISCCART		82.69		80.13		1.5

		RE		DISCCART		77.57		31.00		1.5

		RE		DISCCART		80.77		-19.60		1.5

		RE		DISCCART		32.21		-11.83		1.5

		RE		DISCCART		-17.34		-16.12		1.5

		RE		DISCCART		-11.39		31.68		1.5

		RE		DISCCART		-15.20		80.69		1.5

		RE		FINISHED

		ME		STARTING

		ME		INPUTFIL		MET.PRN

		ME		ANEMHGHT		3  METERS

		ME		SURFDATA		99999		2009

		ME		UAIRDATA		99999		2009

		ME		FINISHED

		OU		STARTING

		OU		RECTABLE		ALLAVE		FIRST

		OU		POSTFILE		1		FIELD1		PLOT		WASCO1.DAT

		OU		POSTFILE		1		FIELD2		PLOT		WASCO2.DAT

		OU		POSTFILE		1		FIELD3		PLOT		WASCO3.DAT

		OU		POSTFILE		1		FIELD4		PLOT		WASCO4.DAT

		OU		POSTFILE		1		FIELD5		PLOT		WASCO5.DAT

		OU		FINISHED





Field #1 Site Map Husein GPS

		1743.515868		1743.515868		1743.515868

		1791.90486		1791.90486		1791.90486

		1787.368392		1787.368392		1787.368392

		1804.002108		1804.002108		1804.002108

		1743.515868		1743.515868		1743.515868

		1696.639032		1696.639032		1696.639032

		1698.151188		1698.151188		1698.151188

		1693.61472		1693.61472		1693.61472

		1785.856236		1785.856236		1785.856236

		1796.441328		1796.441328		1796.441328

		1710.248436		1710.248436		1710.248436

		1710.248436		1710.248436		1710.248436

		1775.271144		1775.271144		1775.271144

		1775.271144		1775.271144		1775.271144

		1710.248436		1710.248436		1710.248436



Off-Field Air Quality Monitoring Stations

Meteorological Monitoring Stations

Field Edge

East-West Axis (meters)

North-South Axis (meters)

1401.6650486667

1407.2125356667

1357.2851526667

1307.3577696667

1305.5086073333

1305.5086073333

1357.2851526667

1405.3633733333

1311.0560943333

1386.87175

1325.849393

1390.5700746667

1388.7209123333

1325.849393

1325.849393



Field #1 Site Map Trimble GPS

		1742.0793198		1742.0793198		1742.0793198

		1791.8544548		1791.8544548		1791.8544548

		1786.234275		1786.234275		1786.234275

		1790.896756		1790.896756		1790.896756

		1742.0541172		1742.0541172		1742.0541172

		1696.1853852		1696.1853852		1696.1853852

		1697.7983516		1697.7983516		1697.7983516

		1692.9090472		1692.9090472		1692.9090472

		1784.848132		1784.848132		1784.848132

		1795.181198		1795.181198		1795.181198

		1709.7947892		1709.7947892		1709.7947892

		1710.5760698		1710.5760698		1710.5760698

		1773.8093932		1773.8093932		1773.8093932

		1773.254936		1773.254936		1773.254936

		1709.7947892		1709.7947892		1709.7947892



Off-Field Air Quality Monitoring Stations

Meteorological Monitoring Stations

Field Edge

Wasco, California Summer 2009 Field #1 Site Map from the Trimble GPS Coordinates

1400.0008025667

1405.4250120778

1356.3605715

1307.0495759444

1312.9668954111

1305.3853298444

1356.7920427111

1405.7023864278

1311.1177330778

1385.3924201333

1325.7877542556

1388.0737055167

1387.4881374444

1325.3254636722

1325.7877542556



Field#1

								Wasco GPS Coordinates 2009 Field#1																																30.8193722222		Meters per Second in Latitude

												Jonathan GPS				Latitude								Longitude										Y (meters)						25.2026		Meters per Second in Longitude

				Off field				Corners		Mast				Station ID		Degrees		Minutes		Minutes Fraction		Seconds		Degrees		Minutes		Minutes Fraction		Seconds		X (meters)		Off-Field Air Quality Monitoring Stations		Meteorological Monitoring Stations		Field Edge

		1N		35° 36.075N		1NW		35° 36.069N		SULLIVAN				N		35		36		0.075		4.5		119		12		0.91		54.6		1743.5		1401.7

		1N		119° 12.910W		1NW		119° 12.932W		35° 36.026N				NE		35		36		0.078		4.68		119		12		0.878		52.68		1791.9		1407.2

		1NE		35° 36.078N		1NE		35° 36.068N		119° 12.882W				E		35		36		0.051		3.06		119		12		0.881		52.86		1787.4		1357.3

		1NE		119° 12.878W		1NE		119° 12.889W		AJWA				SE		35		36		0.024		1.44		119		12		0.87		52.2		1804.0		1307.4

		1E		35° 36.051N		1SE		35° 36.034N		35° 36.067N				S		35		36		0.023		1.38		119		12		0.91		54.6		1743.5		1305.5

		1E		119° 12.881W		1SE		119° 12.889W		119° 12.875W				SW		35		36		0.023		1.38		119		12		0.941		56.46		1696.6		1305.5

		1SE		35° 36.024N		1SW		35° 36.034N						W		35		36		0.051		3.06		119		12		0.94		56.4		1698.2		1357.3

		1SE		119° 12.870W		1SW		119° 12.932W						NW		35		36		0.077		4.62		119		12		0.943		56.58		1693.6		1405.4

		1S		35° 36.023N										Sullivan Mast		35		36		0.026		1.56		119		12		0.882		52.92		1785.9				1311.1

		1S		119° 12.910W										Ajwa Mast		35		36		0.067		4.02		119		12		0.875		52.5		1796.4				1386.9

		1SW		35° 36.023N										SW Corner		35		36		0.034		2.04		119		12		0.932		55.92		1710.2						1325.8

		1SW		119° 12.941W										NW Corner		35		36		0.069		4.14		119		12		0.932		55.92		1710.2						1390.6

		1W		35° 36.051N										NE Corner		35		36		0.068		4.08		119		12		0.889		53.34		1775.3						1388.7

		1W		119° 12.940										SE Corner		35		36		0.034		2.04		119		12		0.889		53.34		1775.3						1325.8

		1NW		35° 36.077N																												1710.2						1325.8

		1NW		119° 12.943W

																35		35		0.317		19.02		119		14		0.063		3.78

												Trimble GPS				Latitude								Longitude										Y (meters)

														Station ID		Degrees		Minutes				Seconds		Degrees		Minutes				Seconds		X (meters)		Off-Field Air Quality Monitoring Stations		Meteorological Monitoring Stations		Field Edge

														N		35		36				4.489		119		12				54.612		1742.1		1400.0

														NE		35		36				4.665		119		12				52.637		1791.9		1405.4

														E		35		36				3.073		119		12				52.86		1786.2		1356.4

														SE		35		36				1.473		119		12				52.675		1790.9		1307.0

														S		35		36				1.665		119		12				54.613		1742.1		1313.0

														SW		35		36				1.419		119		12				56.433		1696.2		1305.4

														W		35		36				3.087		119		12				56.369		1697.8		1356.8

														NW		35		36				4.674		119		12				56.563		1692.9		1405.7

														Sullivan Mast		35		36				1.605		119		12				52.915		1784.8				1311.1

														Ajwa Mast		35		36				4.015		119		12				52.505		1795.2				1385.4

														SW Corner		35		36				2.081		119		12				55.893		1709.8						1325.8

														NW Corner		35		36				4.102		119		12				55.862		1710.6						1388.1

														NE Corner		35		36				4.083		119		12				53.353		1773.8						1387.5

														SE Corner		35		36				2.066		119		12				53.375		1773.3						1325.3

																																1709.8						1325.8

														35		35				19.063		119		14				3.735





Field #2 Site Map Trimble GPS

		1105.4868464		1105.4868464		1105.4868464

		1154.6067138		1154.6067138		1154.6067138

		1148.6336976		1148.6336976		1148.6336976

		1154.27908		1154.27908		1154.27908

		1105.2348204		1105.2348204		1105.2348204

		1056.0645478		1056.0645478		1056.0645478

		1060.7018262		1060.7018262		1060.7018262

		1056.7954232		1056.7954232		1056.7954232

		1167.4348372		1167.4348372		1167.4348372

		1162.0414808		1162.0414808		1162.0414808

		1073.378734		1073.378734		1073.378734

		1073.756773		1073.756773		1073.756773

		1136.3348288		1136.3348288		1136.3348288

		1136.5616522		1136.5616522		1136.5616522

		1073.378734		1073.378734		1073.378734



Off-Field Air Quality Monitoring Stations

Meteorological Monitoring Stations

Field Edge

Wasco, California Summer 2009 Field #2 Site Map from the Trimble GPS Coordinates

1033.0653568889

1037.9656370722

990.3497069889

940.6688789667

945.6924366389

941.4701826444

990.3188876167

1039.0751344722

950.56189745

930.0978342944

959.0680441833

1017.4399351722

1015.2825791167

956.6333137778

959.0680441833



Field #2 Site Map Husein GPS

		1106.898192		1106.898192		1106.898192

		1155.287184		1155.287184		1155.287184

		1149.23856		1149.23856		1149.23856

		1056.997044		1056.997044		1056.997044

		1105.386036		1105.386036		1105.386036

		1056.997044		1056.997044		1056.997044

		1061.533512		1061.533512		1061.533512

		1058.5092		1058.5092		1058.5092

		1168.896588		1168.896588		1168.896588

		1165.872276		1165.872276		1165.872276

		1073.63076		1073.63076		1073.63076

		1073.63076		1073.63076		1073.63076

		1138.653468		1138.653468		1138.653468

		1138.653468		1138.653468		1138.653468

		1073.63076		1073.63076		1073.63076



Off-Field Air Quality Monitoring Stations

Meteorological Monitoring Stations

Field Edge

Wasco, California Summer 2009 Field #2 Site Map from Husein's GPS Coordinates

1035.5309066667

1039.2292313333

991.1510106667

943.07279

948.620277

943.07279

993.000173

1041.0783936667

952.3186016667

933.8269783333

959.715251

1024.4359326667

1022.5867703333

961.5644133333

959.715251



Field#2

								WASCO GPS COORDINATES 2009 FIELD#2																																30.8193722222		Meters per Second in Latitude

																Latitude								Longitude										Y (meters)						25.2026		Meters per Second in Longitude

				Off field				Corners		Mast				Station ID		Degrees		Minutes		Minutes Fraction		Seconds		Degrees		Minutes		Minutes Fraction		Seconds		X (meters)		Off-Field Air Quality Monitoring Stations		Meteorological Monitoring Stations		Field Edge

		2N		35° 35.877N		2NW		35° 35.871N		SULLIVAN				N		35		35		0.877		52.62		119		13		0.331		19.86		1106.9		1035.5

		2N		119° 13.331W		2NW		119° 13.353W		35° 35.832N				NE		35		35		0.879		52.74		119		13		0.299		17.94		1155.3		1039.2

		2NE		35° 35.879N		2NE		35° 35.870N		119° 13.290W				E		35		35		0.853		51.18		119		13		0.303		18.18		1149.2		991.2

		2NE		119° 13.299W		2NE		119° 13.310W		AJWA				SE		35		35		0.827		49.62		119		13		0.364		21.84		1057.0		943.1

		2E		35° 35.853N		2SE		35° 35.837N		35° 35.822N				S		35		35		0.83		49.8		119		13		0.332		19.92		1105.4		948.6

		2E		119° 13.303W		2SE		119° 13.350W		119° 13.292W				SW		35		35		0.827		49.62		119		13		0.364		21.84		1057.0		943.1

		2SE		35° 35.827N		2SW		35° 35.836N						W		35		35		0.854		51.24		119		13		0.361		21.66		1061.5		993.0

		2SE		119° 13.364W		2SW		119° 13.353W						NW		35		35		0.88		52.8		119		13		0.363		21.78		1058.5		1041.1

		2S		35° 35.830N										Sullivan Mast		35		35		0.832		49.92		119		13		0.29		17.4		1168.9				952.3

		2S		119° 13.332W										Ajwa Mast		35		35		0.822		49.32		119		13		0.292		17.52		1165.9				933.8

		2SW		35° 35.827N										SW Corner		35		35		0.836		50.16		119		13		0.353		21.18		1073.6						959.7

		2SW		119° 13.364W										NW Corner		35		35		0.871		52.26		119		13		0.353		21.18		1073.6						1024.4

		2W		35° 35.854N										NE Corner		35		35		0.87		52.2		119		13		0.31		18.6		1138.7						1022.6

		2W		119° 13.361W										SE Corner		35		35		0.837		50.22		119		13		0.31		18.6		1138.7						961.6

		2NW		35° 35.880N																												1073.6						959.7

		2NW		119° 13.363W

																35		35		0.317		19.02		119		14		0.063		3.78

												Trimble GPS				Latitude								Longitude										Y (meters)

														Station ID		Degrees		Minutes				Seconds		Degrees		Minutes				Seconds		X (meters)		Off-Field Air Quality Monitoring Stations		Meteorological Monitoring Stations		Field Edge

														N		35		35				52.583		119		13				19.871		1105.5		1033.1

														NE		35		35				52.742		119		13				17.922		1154.6		1038.0

														E		35		35				51.197		119		13				18.159		1148.6		990.3

														SE		35		35				49.585		119		13				17.935		1154.3		940.7

														S		35		35				49.748		119		13				19.881		1105.2		945.7

														SW		35		35				49.611		119		13				21.832		1056.1		941.5

														W		35		35				51.196		119		13				21.648		1060.7		990.3

														NW		35		35				52.778		119		13				21.803		1056.8		1039.1

														Sullivan Mast		35		35				49.906		119		13				17.413		1167.4				950.6

														DPR Mast		35		35				49.242		119		13				17.627		1162.0				930.1

														SW Corner		35		35				50.182		119		13				21.145		1073.4						959.1

														NW Corner		35		35				52.076		119		13				21.13		1073.8						1017.4

														NE Corner		35		35				52.006		119		13				18.647		1136.3						1015.3

														SE Corner		35		35				50.103		119		13				18.638		1136.6						956.6

																																1073.4						959.1

														35		35				19.063		119		14				3.735





Field #3 Site Map Trimble GPS

		1740.9452028		1740.9452028		1740.9452028

		1790.1910832		1790.1910832		1790.1910832

		1783.5375968		1783.5375968		1783.5375968

		1786.738327		1786.738327		1786.738327

		1738.2989298		1738.2989298		1738.2989298

		1690.1871664		1690.1871664		1690.1871664

		1695.8325488		1695.8325488		1695.8325488

		1692.5562108		1692.5562108		1692.5562108

		1766.8030704		1766.8030704		1766.8030704

		1709.744384		1709.744384		1709.744384

		1707.6525682		1707.6525682		1707.6525682

		1708.4086462		1708.4086462		1708.4086462

		1772.3476424		1772.3476424		1772.3476424

		1770.9614994		1770.9614994		1770.9614994

		1707.6525682		1707.6525682		1707.6525682



Off-Field Air Quality Monitoring Stations

Meteorological Monitoring Stations

Field Edge

Wasco, California Summer 2009 Field #3 Site Map from the Trimble GPS Coordinates

548.4615480667

552.4064277111

503.3111677611

453.9693528333

460.6879759778

455.6952376778

505.4685238167

554.6870612556

468.2079028

461.5509184

472.6150730278

535.1167598944

534.9626630333

471.8754080944

472.6150730278



Field #3 Site Map Husein GPS

		1693.61472		1693.61472		1693.61472

		1742.003712		1742.003712		1742.003712

		1790.392704		1790.392704		1790.392704

		1784.34408		1784.34408		1784.34408

		1787.368392		1787.368392		1787.368392

		1738.9794		1738.9794		1738.9794

		1696.639032		1696.639032		1696.639032

		1696.639032		1696.639032		1696.639032

		1735.955088		1735.955088		1735.955088

		1711.760592		1711.760592		1711.760592

		1708.73628		1708.73628		1708.73628

		1708.73628		1708.73628		1708.73628

		1773.758988		1773.758988		1773.758988

		1759.9983684		1759.9983684		1759.9983684

		1708.73628		1708.73628		1708.73628



Off-Field Air Quality Monitoring Stations

Meteorological Monitoring Stations

Field Edge

Wasco, California Summer 2009 Field #3 Site Map from Husein's GPS Coordinates

556.5978623333

549.201213

552.8995376667

504.821317

454.893934

443.2442113

506.6704793333

506.6704793333

453.0447716667

462.2905833333

473.3855573333

536.2570766667

536.2570766667

471.536395

473.3855573333



Field#3

						WASCO GPS COORDINATES 2009 FIELD#3																																		30.8193722222		Meters per Second in Latitude

																Latitude								Longitude										Y (meters)						25.2026		Meters per Second in Longitude

														Station ID		Degrees		Minutes		Minutes Fraction		Seconds		Degrees		Minutes		Minutes Fraction		Seconds		X (meters)		Off-Field Air Quality Monitoring Stations		Meteorological Monitoring Stations		Field Edge

				Off Field		Corners				Mast				N		35		35		0.618		37.08		119		12		0.943		56.58		1693.6		556.6

		3NW		35° 35.618N		3NW		35° 35.607N		SULLIVAN				NE		35		35		0.614		36.84		119		12		0.911		54.66		1742.0		549.2

		3NW		119° 12.943W		3NW		119° 12.933W		35° 35.832N				E		35		35		0.616		36.96		119		12		0.879		52.74		1790.4		552.9

		3N		35° 35.614N		3NE		35° 35.607N		119° 13.290				SE		35		35		0.59		35.4		119		12		0.883		52.98		1784.3		504.8

		3N		119° 12.911W		3NE		119° 12.890W		AJWA				S		35		35		0.563		33.78		119		12		0.881		52.86		1787.4		454.9

		3NE		35° 35.616N		3SE		35° 35.572N		35° 35.567N				SW		35		35		0.5567		33.402		119		12		0.913		54.78		1739.0		443.2

		3NE		119° 12.879W		3SE		119° 12.891W		119° 12.931W				W		35		35		0.591		35.46		119		12		0.941		56.46		1696.6		506.7

		3E		35° 35.590N		3SW		35° 35.573N						NW		35		35		0.591		35.46		119		12		0.941		56.46		1696.6		506.7

		3E		119° 12.883W		3SW		119° 12.933W						Sullivan Mast		35		35		0.562		33.72		119		12		0.915		54.9		1736.0				453.0

		3SE		35° 35.563N										Ajwa Mast		35		35		0.567		34.02		119		12		0.931		55.86		1711.8				462.3

		3SE		119° 12.881W										SW Corner		35		35		0.573		34.38		119		12		0.933		55.98		1708.7						473.4

		3S		35° 35.5567N										NW Corner		35		35		0.607		36.42		119		12		0.933		55.98		1708.7						536.3

		3S		119° 12.913W										NE Corner		35		35		0.607		36.42		119		12		0.89		53.4		1773.8						536.3

		3SW		35° 35.591N										SE Corner		35		35		0.572		34.32		119		12		0.8991		53.946		1760.0						471.5

		3SW		119° 12.941W																												1708.7						473.4

		3W		35° 35.591N

		3W		119° 12.941W												35		35		0.317		19.02		119		14		0.063		3.78

												Trimble GPS				Latitude								Longitude										Y (meters)

														Station ID		Degrees		Minutes				Seconds		Degrees		Minutes				Seconds		X (meters)		Off-Field Air Quality Monitoring Stations		Meteorological Monitoring Stations		Field Edge

														N		35		35				36.859		119		12				54.657		1740.9		548.5

														NE		35		35				36.987		119		12				52.703		1790.2		552.4

														E		35		35				35.394		119		12				52.967		1783.5		503.3

														SE		35		35				33.793		119		12				52.84		1786.7		454.0

														S		35		35				34.011		119		12				54.762		1738.3		460.7

														SW		35		35				33.849		119		12				56.671		1690.2		455.7

														W		35		35				35.464		119		12				56.447		1695.8		505.5

														NW		35		35				37.061		119		12				56.577		1692.6		554.7

														Sullivan Mast		35		35				34.255		119		12				53.631		1766.8				468.2

														Husein Mast		35		35				34.039		119		12				55.895		1709.7				461.6

														SW Corner		35		35				34.398		119		12				55.978		1707.7						472.6

														NW Corner		35		35				36.426		119		12				55.948		1708.4						535.1

														NE Corner		35		35				36.421		119		12				53.411		1772.3						535.0

														SE Corner		35		35				34.374		119		12				53.466		1771.0						471.9

																																1707.7						472.6

														35		35				19.063		119		14				3.735





Field #4 Site Map Trimble GPS

		45.490693		45.490693		45.490693

		94.7113708		94.7113708		94.7113708

		89.7716612		89.7716612		89.7716612

		94.2325214		94.2325214		94.2325214

		45.742719		45.742719		45.742719

		0.4032416		0.4032416		0.4032416

		2.2178288		2.2178288		2.2178288

		-2.6966782		-2.6966782		-2.6966782

		78.002047		78.002047		78.002047

		28.730964		28.730964		28.730964

		14.8947366		14.8947366		14.8947366

		15.247573		15.247573		15.247573

		77.3467794		77.3467794		77.3467794

		76.8427274		76.8427274		76.8427274

		14.8947366		14.8947366		14.8947366



Off-Field Air Quality Monitoring Stations

Meteorological Monitoring Stations

Field Edge

Wasco, California Summer 2009 Field #4 Site Map from the Trimble GPS Coordinates

606.8026196833

612.2576485667

562.2069880778

512.7727150333

518.9057701056

510.7694558389

562.5151818

611.9802742167

527.1345424889

522.85064975

530.7095896667

594.3824126778

594.2591351889

530.4630346889

530.7095896667



Field #4 Site Map Husein GPS

		-1.512156		-1.512156		-1.512156

		45.36468		45.36468		45.36468

		96.777984		96.777984		96.777984

		90.72936		90.72936		90.72936

		95.265828		95.265828		95.265828

		46.876836		46.876836		46.876836

		3.024312		3.024312		3.024312

		3.024312		3.024312		3.024312

		80.144268		80.144268		80.144268

		28.730964		28.730964		28.730964

		15.12156		15.12156		15.12156

		15.12156		15.12156		15.12156

		78.632112		78.632112		78.632112

		78.632112		78.632112		78.632112

		15.12156		15.12156		15.12156



Off-Field Air Quality Monitoring Stations

Meteorological Monitoring Stations

Field Edge

Wasco, California Summer 2009 Field #4 Site Map from Husein's GPS Coordinates

613.9218946667

608.3744076667

613.9218946667

563.9945116667

514.0671286667

519.6146156667

512.2179663333

563.9945116667

528.8604273333

525.1621026667

532.558752

597.2794336667

595.4302713333

532.558752

532.558752



Field#4

								WASCO GPS COORDINATES 2009 FIELD#4																																30.8193722222		Meters per Second in Latitude

																Latitude								Longitude										Y (meters)						25.2026		Meters per Second in Longitude

														Station ID		Degrees		Minutes		Minutes Fraction		Seconds		Degrees		Minutes		Minutes Fraction		Seconds		X (meters)		Off-Field Air Quality Monitoring Stations		Meteorological Monitoring Stations		Field Edge

				Off Field		Corners				Mast				N		35		35		0.649		38.94		119		14		0.064		3.84		-1.5		613.9

		4NW		35° 35.649N		4NW		35° 35.640N		SULIVAN				NE		35		35		0.646		38.76		119		14		0.033		1.98		45.4		608.4

		4NW		119° 14.064W		4NW		119° 14.053W		35° 35.603N				E		35		35		0.649		38.94		119		13		0.999		59.94		96.8		613.9

		4N		35° 35.646N		4NE		35° 35.639N		119° 14.010W				SE		35		35		0.622		37.32		119		14		0.003		0.18		90.7		564.0

		4N		119° 14.033W		4NE		119° 4.011W		AJWA				S		35		35		0.595		35.7		119		14		0		0		95.3		514.1

		4NE		35° 35.649N		4SE		35° 35.605N		35° 35.601N				SW		35		35		0.598		35.88		119		14		0.032		1.92		46.9		519.6

		4NE		119° 13.999W		4SE		119° 14.011W		119° 14.044W				W		35		35		0.594		35.64		119		14		0.061		3.66		3.0		512.2

		4E		35° 35.622N		4SW		35° 35.605N						NW		35		35		0.622		37.32		119		14		0.061		3.66		3.0		564.0

		4E		119 14.003W		4SW		119° 14.053W						Sullivan Mast		35		35		0.603		36.18		119		14		0.01		0.6		80.1				528.9

		4SE		35° 35.595N										Ajwa Mast		35		35		0.601		36.06		119		14		0.044		2.64		28.7				525.2

		4SE		119° 14.000W										SW Corner		35		35		0.605		36.3		119		14		0.053		3.18		15.1						532.6

		4S		35° 35.598N										NW Corner		35		35		0.64		38.4		119		14		0.053		3.18		15.1						597.3

		4S		119° 14.032W										NE Corner		35		35		0.639		38.34		119		14		0.011		0.66		78.6						595.4

		4SW		35° 35.594N										SE Corner		35		35		0.605		36.3		119		14		0.011		0.66		78.6						532.6

		4SW		119° 14.061W																												15.1						532.6

		4W		35° 35.622N

		4W		119° 14.061W

												Trimble GPS				Latitude								Longitude										Y (meters)

														Station ID		Degrees		Minutes				Seconds		Degrees		Minutes				Seconds		X (meters)		Off-Field Air Quality Monitoring Stations		Meteorological Monitoring Stations		Field Edge

														N		35		35				38.752		119		14				1.93		45.5		606.8

														NE		35		35				38.929		119		13				59.977		94.7		612.3

														E		35		35				37.305		119		14				0.173		89.8		562.2

														SE		35		35				35.701		119		13				59.996		94.2		512.8

														S		35		35				35.9		119		14				1.92		45.7		518.9

														SW		35		35				35.636		119		14				3.719		0.4		510.8

														W		35		35				37.315		119		14				3.647		2.2		562.5

														NW		35		35				38.92		119		14				3.842		-2.7		612.0

														Sullivan Mast		35		35				36.167		119		14				0.64		78.0				527.1

														Husein Mast		35		35				36.028		119		14				2.595		28.7				522.9

														SW Corner		35		35				36.283		119		14				3.144		14.9						530.7

														NW Corner		35		35				38.349		119		14				3.13		15.2						594.4

														NE Corner		35		35				38.345		119		14				0.666		77.3						594.3

														SE Corner		35		35				36.275		119		14				0.686		76.8						530.5

																																14.9						530.7

																35		35				19.063		119		14				3.735





Field #5 Site Map Trimble GPS

		33.771484		33.771484		33.771484

		82.6897306		82.6897306		82.6897306

		77.5736028		77.5736028		77.5736028

		80.774333		80.774333		80.774333

		32.2089228		32.2089228		32.2089228

		-17.3393888		-17.3393888		-17.3393888

		-11.3915752		-11.3915752		-11.3915752

		-15.1971678		-15.1971678		-15.1971678

		-0.378039		-0.378039		-0.378039

		0		0		0

		1.4617508		1.4617508		1.4617508

		65.778786		65.778786		65.778786

		65.3251392		65.3251392		65.3251392

		0		0		0



Off-Field Air Quality Monitoring Stations

Meteorological Monitoring Stations

Field Edge

East-West Distance (meters)

North-South Distance (meters)

Wasco, California Summer 2009 Field #5 Site Map from the Trimble GPS Coordinates

74.9835326167

80.1303677778

31.0042884556

-19.6011207333

-11.8346389333

-16.1185316722

31.6823146444

80.6851164778

-30.8810109667

0

63.0564355667

62.7790612167

-0.5855680722

0



Field #5 Site Map Husein GPS

		-13.609404		-13.609404		-13.609404

		33.267432		33.267432		33.267432

		81.656424		81.656424		81.656424

		77.119956		77.119956		77.119956

		81.656424		81.656424		81.656424

		33.267432		33.267432		33.267432

		-16.633716		-16.633716		-16.633716

		-10.585092		-10.585092		-10.585092

		57.461928		57.461928		57.461928

		0		0		0

		3.024312		3.024312		3.024312

		65.022708		65.022708		65.022708

		65.022708		65.022708		65.022708

		0		0		0



Off-Field Air Quality Monitoring Stations

Meteorological Monitoring Stations

Field Edge

Wasco, California Summer 2009 Field #5 Site Map from Husein's GPS Coordinates

81.3631426667

75.8156556667

81.3631426667

33.284922

-18.4916233333

-11.094974

-14.7932986667

33.284922

-3.6983246667

0

64.7206816667

64.7206816667

1.8491623333

0



Field#5

																																								30.8193722222		Meters per Second in Latitude

						WASCO GPS COORDINATES 2009 FIELD#5										Latitude								Longitude										Y (meters)						25.2026		Meters per Second in Longitude

														Station ID		Degrees		Minutes		Minutes Fraction		Seconds		Degrees		Minutes		Minutes Fraction		Seconds		X (meters)		Off-Field Air Quality Monitoring Stations		Meteorological Monitoring Stations		Field Edge

														N		35		35		0.361		21.66		119		14		0.072		4.32		-13.6		81.4

				Off Field		Corners				Mast				NE		35		35		0.358		21.48		119		14		0.041		2.46		33.3		75.8

		5NW		35° 35.361N		5NW		35° 35.352N		SULLIVAN				E		35		35		0.361		21.66		119		14		0.009		0.54		81.7		81.4

		5NW		119° 14.072W		5NW		119° 14.061W		35° 35.315N				SE		35		35		0.335		20.1		119		14		0.012		0.72		77.1		33.3

		5N		35° 35.358N		5NE		35° 35.352N		119° 14.025W				S		35		35		0.307		18.42		119		14		0.009		0.54		81.7		-18.5

		5N		119° 14.041W		5NE		119° 14.020W						SW		35		35		0.311		18.66		119		14		0.041		2.46		33.3		-11.1

		5NE		35° 35.361N		5SE		35° 35.318N						W		35		35		0.309		18.54		119		14		0.074		4.44		-16.6		-14.8

		5NE		119° 14.009W		5SE		119° 14.020W						NW		35		35		0.335		20.1		119		14		0.07		4.2		-10.6		33.3

		5E		35° 35.335N		5SW		35° 35.317N						Sullivan Mast		35		35		0.315		18.9		119		14		0.025		1.5		57.5				-3.7

		5E		119° 14.012W		5SW		119° 14.063W

		5SE		35° 35.307N										SW Corner		35		35		0.317		19.02		119		14		0.063		3.78		0.0						0.0

		5SE		119° 14.009W										NW Corner		35		35		0.352		21.12		119		14		0.061		3.66		3.0						64.7

		5S		35° 35.311N										NE Corner		35		35		0.352		21.12		119		14		0.02		1.2		65.0						64.7

		5S		119° 14.041W										SE Corner		35		35		0.318		19.08		119		14		0.02		1.2		65.0						1.8

		5SW		35° 35.309N																												0.0						0.0

		5SW		119° 14.074W

		5W		35° 35.335N

		5W		119° 14.070W

												Trimble GPS				Latitude								Longitude										Y (meters)

														Station ID		Degrees		Minutes				Seconds		Degrees		Minutes				Seconds		X (meters)		Off-Field Air Quality Monitoring Stations		Meteorological Monitoring Stations		Field Edge

														N		35		35				21.496		119		14				2.395		33.8		75.0

														NE		35		35				21.663		119		14				0.454		82.7		80.1

														E		35		35				20.069		119		14				0.657		77.6		31.0

														SE		35		35				18.427		119		14				0.53		80.8		-19.6

														S		35		35				18.679		119		14				2.457		32.2		-11.8

														SW		35		35				18.54		119		14				4.423		-17.3		-16.1

														W		35		35				20.091		119		14				4.187		-11.4		31.7

														NW		35		35				21.681		119		14				4.338		-15.2		80.7

														Sullivan Mast		35		35				18.061		119		14				3.75		-0.4				-30.9

														SW Corner		35		35				19.063		119		14				3.735		0.0						0.0

														NW Corner		35		35				21.109		119		14				3.677		1.5						63.1

														NE Corner		35		35				21.1		119		14				1.125		65.8						62.8

														SE Corner		35		35				19.044		119		14				1.143		65.3						-0.6

																																0.0						0.0





All Field Combined Plot

		1709.7947892

		1710.5760698

		1773.8093932

		1773.254936

		1709.7947892

		1073.378734

		1073.756773

		1136.3348288

		1136.5616522

		1073.378734

		1707.6525682

		1708.4086462

		1772.3476424

		1770.9614994

		1707.6525682

		14.8947366

		15.247573

		77.3467794

		76.8427274

		14.8947366

		0

		1.4617508

		65.778786

		65.3251392

		0



Wasco, California Summer 2009 All Fields Combined from Trimble GPS Coordinates

1325.7877542556

1388.0737055167

1387.4881374444

1325.3254636722

1325.7877542556

959.0680441833

1017.4399351722

1015.2825791167

956.6333137778

959.0680441833

472.6150730278

535.1167598944

534.9626630333

471.8754080944

472.6150730278

530.7095896667

594.3824126778

594.2591351889

530.4630346889

530.7095896667

0

63.0564355667

62.7790612167

-0.5855680722

0



All Fields Combined

				Field #1

		1709.7947892						1325.7877542556

		1710.5760698						1388.0737055167

		1773.8093932						1387.4881374444

		1773.254936						1325.3254636722

		1709.7947892						1325.7877542556

				Field #2

		1073.378734						959.0680441833

		1073.756773						1017.4399351722

		1136.3348288						1015.2825791167

		1136.5616522						956.6333137778

		1073.378734						959.0680441833

				Field #3

		1707.6525682						472.6150730278

		1708.4086462						535.1167598944

		1772.3476424						534.9626630333

		1770.9614994						471.8754080944

		1707.6525682						472.6150730278

				Field #4

		14.8947366						530.7095896667

		15.247573						594.3824126778

		77.3467794						594.2591351889

		76.8427274						530.4630346889

		14.8947366						530.7095896667

				Field #5

		0						0

		1.4617508						63.0564355667

		65.778786						62.7790612167

		65.3251392						-0.5855680722

		0						0







1,3-dichloropropene  Emission Rates
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Chloropicrin Emission Rates
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Summary

 For chloropicrin, a tarping period of 7 days should 
be sufficient for application rates of less than 200 
lbs/acre. 10 days of tarping might be needed for 
application rates >300 lbs/acre.

 For 1,3-D, a tarping period of 10 days should be 
sufficient for application rates of less than 200 
lbs/acre. 14 days of tarping might be needed for 
application rates >250 lbs/acre.



Summary

 TIF significantly reduced total emissions of 
chloropicrin and 1,3-D. Relative to other flux 
studies with standard PE tarp, TIF reduced total 
emissions by 4 to 5 times.

 The use of TIF may allow for smaller buffer zones 
and/or large fumigant application rates in heavily 
infested soils.



Thank you very much

Husein Ajwa

CE Specialist, UC Davis

1636 East Alisal St., Salinas, CA  93905

Phone (831) 970-8621

haajwa@ucdavis.edu
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