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Farming is the predominant land use in the Delta. It is important to the local economy and provides wildlife habitat and funding for levee maintenance. However, current farming practices cause subsidence by draining and exposing organic soils to oxygen.  Under current land use, subsidence is the major agent of change in the Delta with a high probability of causing dramatic water supply changes and ecosystem disruptions   Because subsidence represents such a predominant force for affecting Delta water supply and biological resources, there is an urgent need to develop viable ways to stop and reverse its effects.  Farming practices that stop and reverse the effects of subsidence are therefore highly desirable.  Rice farming can be implemented in the short term to stop the daily loss of tens of thousands of cubic yards of soil from the Delta.

Carbon loss due to soil organic-matter oxidation is the primary cause of subsidence. Miller et al. (2000) demonstrated that wetlands which were flooded from early spring through midsummer resulted in a net carbon gain[footnoteRef:1]. Rice growers use a similar water management practice, flooding rice fields during the warmest months. Thus soil oxidation rates on a rice field are substantially less than on fields drained during warm summer months. Data presented in Miller et al (2000) point to rice as a viable crop for stopping subsidence, thus making rice potentially the only sustainable agricultural land use for the central Delta.  [1:  Miller and others noted that the carbon gain in the treatment flooded from spring to mid summer was probably underestimated due to incomplete biomass measurement.] 


In the past, cool night temperatures precluded rice from growing in the Delta. However, use of a new rice variety, M104 tolerant of low air and water temperatures has resulted in rice production in the Delta comparable to the Sacramento Valley. Available data indicates the combination of in-season and off-season flooding and addition of up to 7 to 10 tons of rice residues annually will stop and possibly reverse oxidative soil loss. The incorporation of rice residue resulted in soil carbon increases in the Sacramento Valley (Bird et al, 2003). Because subsidence results primarily from soil carbon loss due to oxidation, incorporation of rice residues will offset carbon losses. 

Recent interest in subsidence mitigation prompted further investigation of rice production potential on State-owned Sherman and Twitchell islands. Rice is successfully grown on over 3,000 acres of rice on several Delta islands: Bouldin Island, Brack Tract, Wright-Elmwood Tract, and Rindge Tract. However, questions need answering before wide-spread rice farming can be implemented in the western Delta because lower air and water temperatures and higher soil and water salinity may affect rice production. Also, for widespread rice production throughout the Delta there are concerns about deleterious emissions and biological effects.  Subsidence mitigation studies on Twitchell Island show flooding of oxidized organic soils results in elevated concentrations and loads of dissolved organic carbon (DOC) in drain water. Therefore, it is necessary to simultaneously evaluate subsidence mitigation and water quality effects to find ways to minimize discharge of DOC and other constituents of concern such as pesticides, and methyl mercury. 

Twitchell Island Rice Project
The Biometeorology Laboratory at UC Berkeley is responsible for making eddy covariance measurements of water vapor, carbon dioxide, sensible heat and methane exchange between a rice paddy and the atmosphere.  Application of the eddy covariance technique requires that we mount sensors a mast about 3 m above the ground and sample meteorological (sonic anemometer) and trace gas sensors (infrared spectrometer for CO2 and H2O; off-axis tunable diode  laser spectrometer for CH4) up to 10 times per second and average sensor signals over 30 to 60 minute intervals.    We will also make measurements of a suite of ancillary weather (solar radiation, pressure, temperature, rain fall, wind speed and direction) and soil variables (temperature, moisture, water table) on regular 30 minute intervals.  Plant variables (leaf area index, plant height) will be measured manually on weekly to monthly intervals.  Meteorological sensors will be digitized and logged on personal computers and meteorological dataloggers, storing about 3 to 6 Gigabytes per day.  We plan to transmit the data to our Berkeley Lab via wireless internet connections to monitor data quality and instrument operation.  Our goal is to run the system year-round, 24 hours a day, 7 days a week, 52 weeks per year.  
The Twitchell Island project helps us leverage our NSF Methane project, and vice versa.  In our NSF project, we proposed to set up a second flux measurement site in the Sacramento-San Joaquin Delta during  years 3 and 4 of the project.   We are using the Twitchell Island rice project to meet this obligation.  The NSF project provides funding for a second tunable diode laser sensor to measure methane fluxes ($30k).   And the Twitchell Island project provides us with support for site infrastructure (board-walks, instrument hut), funds to run electricity to the meteorological field site (1-3 power poles, transformer, electrical box) and funds to purchase meteorological instruments (pyranometer, net radiometer, pressure tranducers, etc) to interpret the flux measurements. 
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Soil Cross Section From Deverel et al 2007
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Data of Sarah Lewis for URS


Timing and Phenology
	Preliminary methane measurements
	Feb 18, 2009
	

	Set up
	April 3, 2009
	Latitude: 38o 06.520’
Longitude: 121o 39.180

	First data
	April 4, 2009
	

	planting
	April 20
	M104 cultivar

	Rice has emerged, a few inches tall, not flooded yet
	May 20-27
	

	Farm operations, pesticide, herbicide, fertilizer applications
	May 25-28
	Two herbicides (bispyribac sodium and  pendimethalin) were applied to the fields prior to rice planting and flooding. Pesticide application took place from May 25-26, 2009. Fertilizer application occurred on May 27-28 

	Water applied
	May 29
	Will take several days to inundate field.  Note water level sensor did not have holes in pipe to record wetness well

	Rice in flooded and vegetation stage
	June 9
	

	
	
	

	Moved flux system to generator and continuous methane
	July 22
	New Field site is: 38o 06.332N;  121 39.127 W.

Or 38.10555
-121.6521


	Rice vegetation developed, a few flowers are forming
	July 28
	

	Rice starting to head
	Aug 12
	

	In seed stage, leaves yellowing in understory
	Sept 10
	

	Water is turned OFF
	Sept 15
	

	Harvest
	
	Yield
dry weight yields:  
 
Field        Acres        Dry Weight (cwt)        cwt/acre  
1        84.24        2063.28                        24.5  
2        14.79        1276.27                        86.3  
4        17.09        764.15                        44.7  
5        11.43        287.53                        25.2  
8        13.88        924.04                        66.6  
9        15.38        476.55                        31.0  

	Water on fallow field
	
	





2010
	Field drained
	
	

	
	
	

	
	
	

	planting
	
	

	Rice has emerged, a few inches tall, not flooded yet
	
	

	Water applied
	
	

	Rice in flooded and vegetation stage
	
	

	
	
	

	Moved flux system to generator and continuous methane
	
	

	Rice vegetation developed, a few flowers are forming
	
	

	Rice starting to head
	
	

	In seed stage, leaves yellowing in understory
	
	

	Water is turned OFF
	
	

	Harvest
	~ Nov 4, 2010
	

	Water on fallow field
	
	

	Moved tower back to berm
	Nov 18, 2010
	



	Twitchell Rice Crop 2010
	
	
	

	
	
	
	
	

	FieldID
	Planted
	Flooded Started
	Water Drained
	Harvest Dates

	1
	4/16/2010
	6/7/2010
	9/19/2010
	10/29, 10/28, 10/19




	Field
	1

	12/14/09
	2.  80%

	1/5/10
	 

	1/15/10
	2. 50%, flat mat of straw

	2/2/10
	2. 40%

	2/4/2010
	2. 40%

	2/17/10
	 

	3/8/10
	 

	3/9/10
	2.   0%  

	3/15/10
	 

	3/23/10
	2.   0% 

	6/1/10
	rice coming up - aa bit higher; partially flooded

	6/7/10
	rice growing;tractor work occuring; not flooded

	6/28/10
	rice growing, flooded

	8/5/10
	rice growing, flooded

	8/31/10
	flooded,  rice

	9/14/10
	flooded,  rice

	9/22/10
	flooded,  rice

	10/7/10
	No standing water; rice not harvested

	10/19/10
	No standing water; rice not harvested

	10/29/10
	No standing water; rice not harvested





Rice Variety is M-104, planted by drilling

April 3, 2009
Bare Peat field, leveled for Rice
Latitude: 38o 06.520’
Longitude: 121o 39.180
Elevation: -14 m
After July 22, 2009—Nov 18, 2010
New Field site is: 38 06.332N;  121 39.127 W.
Nov 19, 2010 back to original location
Latitude: 38o 06.520’
Longitude: 121o 39.180
Elevation: -14 m
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We have 440 m fetch to the westerly predominant winds, 285 m to the north and 396 m to the south..
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Team: Baldocchi, Verfaillie, Detto, Vargas
Set up CO2, water vapor and energy flux system on tripod.  The system is being powered by 6 solar panels.  The system is drawing about 2.2 amps.  The system is being logged with a CR 1000 datalogger. We are going into the  modern mode sampling and logging digital output from the sonic and LI 7500 through the CR 1000. A small pc queries the system and stores data.  Met data are tied to a CR 23x and multiplexors.
We are performing a side by side comparison with Frank Anderson of USGS
Instrumentation
	Sensor/model
	Serial number
	calibration

	Sonic anemometer/ Gill model 1352
	24
	

	Temperature/RH, Vaisala HMP 45ac
	U3030046
	

	Kipp Zonen pyranometer, CM 11
	996985
	4.90 microV/(W m-2)

	PAR KippZonen
	050596
	5.25 micromol m-2 s-1/?

	PAR KippZonen
	050597
	5.35 micromol m-2 s-1/?

	Kipp Zonen, Rnet Lite
	990352
	14.2 microV/(W m-2)

	Soil heat flux, Huseflux, HFP-01
	002211
	66.1 micrV/(W m-2)

	Soil heat flux, Huseflux, HFP-01-SC
	00243
	62.1 micrV/(W m-2)

	Soil heat flux, Huseflux, HFP-01-SC
	00246
	61.2 micrV/(W m-2)

	Soil heat flux, Huseflux, HFP-01-SC
	00244
	61.5 micrV/(W m-2)

	Wetness, Campbell
	Pn 9661

	Soil moisture, theta probe ML 2x
	139/052
	Field calib

	Soil moisture, theta probe ML 2x
	54/001
	Field calib

	Water table, Druck
	
	





Position/placement:

	Sensor/model
	Serial number
	Ht/Depth
	Data logger channel

	Sonic anemometer/ Gill model 1352
	24
	Z= 3.05 m at middle of path
	

	LI -7500
	
	Z= 2.59 m middle of path; temporary, need formal mount; x= 0.30 m from sonic
	

	Temperature/RH, Vaisala HMP 45ac
	U3030046
	
	

	Kipp Zonen pyranometer, CM 11
	996985
	
	

	PAR KippZonen
	050596
	Pointing down
	

	PAR KippZonen
	050597
	Pointing Up
	

	Kipp Zonen, Rnet Lite
	990352
	Z=2.34 m; X=3.71 m
	

	Soil heat flux, Huseflux, HFP-01
	002211
	-1 cm
	

	Soil heat flux, Huseflux, HFP-01-SC
	00243
	-1 cm
	

	Soil heat flux, Huseflux, HFP-01-SC
	00246
	· 1cm
	

	Soil heat flux, Huseflux, HFP-01-SC
	00244
	-1cm
	

	Wetness, Campbell
	Pn 9661
	
	

	Soil moisture, theta probe ML 2x
	139/052
	surface
	

	Soil moisture, theta probe ML 2x
	54/001
	surface
	

	Soil temperature
	
	2,4,8,16,32 cm
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Soil probes (temperature, heat flux plate and soil moisture) were placed near the base of the tower, which is at the eastern edge of the rice paddy.  We will move the soil probes into the rice field once the field work is complete.
Wind Rose
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The field manager, Jim Casey's number is: 916 - 628 - 4620.

Jim said they are locking the gate to the gravel access road at nights, the gate combo is: 1061.
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1. Check locations are approximate.
2. Checklacations in Fields 2 and 3 are approximate. Checks i Field 2 are approximately 200 ftapartin NW direction. Checks to be equal wdth (NS),
3. Each fled to be immed by 14 foot berm
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