CO2 Soil Respiration system User Instructions 
Programmed in CRBasic for CR3000 from 21X version

 by Curtis Maughan with modifications by Bob Evans 7/28/2011
Original program by Aaron Berger 12/2002

Modified extensively by Sanjay Advani & Mike Ryan 2003 & 2004    

Soil Moisture probe added

Auto Sampling Scheme (Theory of Program)

Infrared gas analyzers (IRGAs) use the absorbance of specific spectra of infrared energy by CO2 to measure the CO2​ concentration in parts per million (ppm).  This LiCor Li-820 IRGA has been connected to a Campbell Scientific 21X datalogger programmed to record the measured CO2 concentration every two seconds in air pumped in a loop from the IRGA to a chamber open only to the soil upon which it sits.  By measuring the change in concentration of CO2 over time in a closed container of known volume, one can calculate soil CO2 flux.

So that these flux measurements are not biased by CO2 concentration gradients between the chamber and the air, it is important to scrub the concentration within the chamber down to just below ambient CO2 concentration, allow that concentration to build up again and measure the change in concentration close to ambient.  This is done by having a second air flow loop that pumps the air from the chamber through a soda lime trap, chemically trapping the CO2​ within the chamber by the following net reaction:
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When the partial pressure of CO2 falls below the Lower Boundary Sampling Level (LBSL), set by the user such that LBSL < ambient PCO2 , the datalogger closes the loop to the trap and opens the air flow to the IRGA, allowing CO​2 to build up in the chamber.  After a Minimum Lag Time (also user determined) has elapsed, the datalogger then begins to record the CO2 concentration, as measured by the IRGA, every 0.2 seconds.  

A full sampling cycle therefore entails the following steps:

1:  User initiates start – air flows through soda lime trap

2:  Scrubbing of [CO2] ppm until it is below Lower Boundary Sampling Level

3:  Air flows through IRGA for duration of user determined Lag Time 

4:  Datalogger begins sampling record, recording CO2 in ppm every 0.2 sec. for duration of the Sampling Time (increments by 10s).

5:  Sampling record terminates.

6:  Datalogger sends new data to storage.
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Supplies

Portable CO2 system with IRGA & Datalogger – batteries charged – Battery will hook up to standard battery charger.  System has 4 amp in line fuse.

Chamber Cover with soil temperature soil moisture probes 

Field Notebook

Pencil

Voltmeter 

Philips head and small flathead screwdrivers 

Pliers

Sampling Procedures

Prior to sampling:

1:  Turn on the power to the IRGA and Datalogger at the beginning of each sampling day (by lifting cover to battery pack and flipping switch) – takes a minimum of 10 minutes to warm up IRGA.  The program will also auto-load to the datalogger.  The CR3000 has non-volatile memory, so the program will not be lost until the program is changed.  The time stays correct on the logger unless changed.  The display you want is the “Public” table.  Get to this by pressing Enter on the key pad 4 times.  The information you need will be displayed on the screen here.  Note:  The display times out after about 5 minutes, so you get back by repeating this.  Press Esc (escape) any time if you get on the wrong screen by mistake.   
2.  When you first arrive at the collar to be sampled, lay down the CO2 system about 8 ft. away from it (down wind if possible) and the chamber cover next to it, making sure to lay the cover inside exposed to the air and not on the ground.  This way no extra CO2 builds up in the chamber top before measurement.

3.  Attach the chamber to the CO2 system by pushing the connectors with tubing onto the fittings on the instrument case, matching the “out” label of chamber with the “in” label of the case and vise versa (match colors).  At this time, also connect the soil temperature probe and soil moisture probe to the case with the connector.  

4.  Turn on the pump – Check the flow by observing the flowmeters.  Sample flow should be ~ 0.5 L/min. and Scrub flow should be ~ 3 L/min. (could be a little less on both)  If needed, adjust the scrub flowmeter so that the sample flow is ~ 0.4 - 0.5 L/min.  Record flow in a notebook.   

5. Measure ambient CO2 concentration:  Stand down wind of the sample tube.  Note CO2_ppm on display - ambient CO2 level in parts per million (ppm).  Wait ~1-2 min. until this is stable.  Record this in a notebook for reference and for entering into the data logger. 

6.  Set the parameters for sampling (Ambient CO2 & LBSL):  Scroll down to Amb_CO2 (ambient CO2 concentration) and press Enter and change to what the CO2_ppm in the air as measured above is and press Enter again.  Now scroll down to LBSL and type in a value about 20-40 below the Ambient that you set.   *You will see on the datalogger’s LCD data that correspond to the following information:

	Display
	Location function
	Information

	Plot_ID
	Plot and collar ID
	Plot number entered by user 

	Elapsed
	Timer, time elapsed
	Increments in 0.2 secs. 

	CO2_ppm
	CO2 concentration (ppm)
	CO2 reading from gas analyzer

	Soil_Temp
	Soil Temperature 
	Deg. C from soil temp probe 

	Amb_CO2        
	Ambient CO2  (ppm) 
	Entered ambient CO2 level :  normally ~ 380 – 400 

	LBSL      
	Lower Boundary Sampling Level (ppm)
	Entered by user – usually 20 to 40 ppm below ambient CO2 level 


7.  Changed values (Plot_ID, Amb_CO2, LBSL) will stay that way until changed as described above or power is turned off.  These values will default to “0” when power is turned back on.  Normally nothing else needs to be changed, but some defaults may want to be changed in the program.   
Default values cannot be changed except in CRBasic with LoggerNet.  Possible changes to program default values if needed are:  (MinLagTim) lag time (time between CO2 scrub off and beginning of sampling – default is 300, 30 sec.), (MinSamTim) sample time – default is 600 (60 sec.), (Volume_ml) Chamber volume (ml), (Area_m2) Chamber area m2, No need to change these unless collar size or volume changes.   (Scrub) Scrub on/off, & (Slow_Scrb) Slow Scrub on/off.  These are only changed for slow scrubbing (default is 1=on, 0=off, for very low fluxes).  

To sample:
1.  Enter the code for the plot and collar:  Scroll to “Plot_ID” Press Enter and enter plot and collar code, then Enter again.  

2.  Insert temperature probe 10 cm into the soil.  Insert soil moisture probe into soil near collar.  Check that it is reading correctly. 
3.  Scroll up to “Flag” at the top of the display, then gently place the chamber cover on the collar (be sure gasket is seated).  

4.  Press Enter at “Flag” and Enter again to set flag to “True”.  This starts the sampling regime.  Within 2 seconds, you will hear the solenoid click that closes air flow to the IRGA and opens air flow to the soda lime trap.

5.  Look at CO2_ppm to be sure CO​2 partial pressure is being scrubbed down to your preset LBSL.  When concentration in the chamber reaches this level, you should hear the solenoid click again (within seconds), reopening air flow to the IRGA and closing flow to the soda lime trap.  Watch the datalogger display to be sure CO2 is indeed building up.  Listen for both clicks (should only be a few seconds).  Note: If you don’t hear both clicks within a few seconds, stop the sampling and try again with different CO2 and LBSL settings (you may need to turn power off to reset solenoid).  

6.  Watch “Elapsed” timer on the display and be sure it is incrementing up by 10s.  It should reach 300 (lag time in 0.1 sec.) and then start over with the sampling time, and go up to 600 (sampling time of 60 sec.) and then stop incrementing.  Turn off the pump to conserve the battery. 
7.  After the sample time has elapsed and is no longer incrementing, the program will calculate slope (ppm CO2/s), r2, and flux (mol m-2 s-1) which will show on the display.  Look at the slope (ppm CO2/s), r2, and flux (mol m-2 s-1) calculated for the last reading.   

*Note:  A low r2 indicates a leak around the chamber or in the tubing.  



If the timer is not incrementing by 10’s, but  by 1’s there is a problem – start over.  

  8.   All of the CO2 and temperature data is logged every execution interval (0.2 s), so that you can also check calculation of fluxes after downloading the data.

Plot_ID, Amb_CO2 & LBSL are the only entry changes needed for each reading on a sampling date.  If soil respiration is extremely active, drop the LBSL to make sure that concentrations during sampling time bracket ambient CO2 concentration.  Last parameters entered remain in the datalogger if power remains on.  Data and Program are stored on the logger and are not lost even if power is turned off.   

To end sampling:

1.  Once the [CO2] has exceeded the Sampling Time entered by the user, the sampling process is complete.  Turn off the pump to conserve the battery. 
2.  Carefully remove chamber from sampling collar without disturbing the soil in and around the collar. 

3.  Remove temperature and soil moisture probes from soil and carry with the chamber cover. 
3.  If the next collar is close by, you can keep the pump running and go to the next collar within the plot and continue sampling. 
To continue sampling:
1.  After arriving at a second collar, lay down the IRGA and chamber top as done previously.  Check datalogger display to see if CO2 is back to ambient again.  Change ambient level and LBSL if necessary.    

2.  Go to step 1 ‘To Sample’, above.

At the end of each sampling day or at lunch, turn off the power, and download your data, checking for problems in data.   
RECHARGE THE BATTERIES.  Leaving batteries discharged will seriously lower their lifespan.  Change the battery when the Battery voltage gets down to 11.0 V or they stop holding a charge. 

Variables showing on the CR3000 display:

	Display
	Location function
	Default

	Plot_ID
	Plot and collar ID
	None

	Elapsed
	Timer (s) increments by 10
	Times lag and reading

	CO2_ppm
	CO2 concentration (ppm)
	None

	Soil_Temp
	Soil temperature
	None

	Slope
	slope (ppm/s)
	None – typically between 0.25 and 1

	r2
	r2
	None, should be > 0.97

	Flux
	flux (mol m-2 s-1)
	None, typically between 1 and 10

	Amb_CO2
	Approx. ambient CO2
	No default, Entered by user at beginning of sampling – usually 380-400 ppm

	LBSL
	Lower Boundary Sampling Level
	No default, Entered by user – 20 to 40 ppm below ambient CO2

	Batt_V
	Battery Voltage
	None – 12.3 for fully charged battery, should be > 11.5 

	Air_Temp
	Air Temperarture (C)
	None    (from thermocouple)

	Press_mb
	Atmospheric pressure from Licor gas analyzer (mb)
	None, depends on elevation (sea level is 1013, 5000’ is ~850.

	MinLagTim
	Minimum Lag Time
	Default = 30s (300), Can be changed in program

	MinSamTim
	Sampling Time
	Default = 60s (600), Can be changed in program

	Volume_ml
	Chamber volume (ml) 
	Will vary with depth and type of collar. Default for 3 cm above forest floor = 4786

	Area_m2
	Chamber area (m2)
	For 10” collar: 0.05067 m2 

	Scrub (&slow)
	Scrubbing of CO2 
	Default = 1 for both

	Ref_T
	Reference Temp (C) -soil
	None, is for soil temp sensor

	Mean_Min
	Mineral Soil moisture, %
	None,  can be ~ 40 – 80 %

	Mean_Org
	Organic Soil moisture, %
	None,  can be ~ 40 – 80 %

	SD_Min&Org
	Soil moisture SD’s
	None, should be 0


Troubleshooting

Wires could  come loose from their attachments.   Use the screwdrivers to tighten them down if that happens.

Sometimes the balls in the flowmeters stick.  To fix in the field, detach the outlet hose from the flowmeter and suck on the tube.  Then, clean out the offending flowmeter if it happens often.  Blow through dry air if moist. 

Keep an eye on the soda lime trap color indicator.  When the color changes to pink, the trap is no longer effective.  Check this if the IRGA is having trouble reaching your LBSL.  Change soda lime often. 

Data quality troubles: 

If r2 is low (not >.90) this could be an indication of leaks in the system most likely around the collar or at one of the tubing connections.  

Be sure the ambient CO2 level is set correctly in program before you begin sampling each collar.  If incorrect, the solenoid will not behave properly, values will need to be reset and process started over.  

If the timer is not incrementing by 10’s, but  by 1’s there is a problem – start over. 

If the CO2 concentration gets stuck on an unreasonable number (eg., a negative number), try turning off pump, taking the cover off the collar, changing the values for the Ambient and LBSL.  If this doesn’t work, you will need to turn off the power and start over again.
Ignore the erratic data in the beginning of the lag time.  These are pressure transients. 

Flux Calculations

Chamber area (m2):  10" diameter = 506.7075  cm2 or 0.050671 m2.   

Total System Volume (m3) = (height from forest floor to top of collar in m * 0.050671) + 0.0059519.

Flux = increase in CO2/time * volume/surface area

Flux (mol m-2 s-1): 

              = mol CO2 mol Air-1 min-1 (slope of regression of CO2 ppm versus time)

                 * (103 L/m3) 

                 * (system volume in m3) 

                 * (1 mol/22.414 L) 

                 * (Pressure in bars/101.32) (From Licor gas analyzer)

                 * (273 °K/Air temperature in °K)

                 * 1 min/60s 

                 * 1/ 0.050671 m2. 

Time stamp for samples are all the same for each collar.  They correspond to the beginning of the sampling period.
Data Output:

Data are saved in 6 Tables: 


Each Table has a Date and Time for each collar sampled.

;Output Definitions:

;         Table (100)                 
Tables (200, 300, 400)

;         Plot ID                         
Plot ID

;         Date, Time                   
Date, Time
;         Record # (RN)

Record # (RN)
;         Ambient [CO2]            
[CO2] ppm

;         LBSL                           
Soil Probe Temperature

;         Min. Lag Time             
Soil Moisture (Table 300 only)

;         Min. Sampling Time

;         Air Temperature

;         Battery Voltage

;         Chamber Volume (ml)

;         Atmospheric Pressure (mB)

;         Chamber Area (m2)

;

;         Table 100 = Housekeeping data outputed at the beginning

;                     of every new sample

;         Table 200 = Scrub Data output every 0.2 seconds

;         Table 300 = Lag Time Data output & soil moisture readings every 0.2 seconds

;         Table 400 = Sampling Data output every 0.2 seconds

;         Table 500 = Flux data (calculated results), output at end of sampling data, means 

;
Cov_CO2 = Data used to get covariances
;

;         Table 500 Definitions:
;         Plot ID

;         Day

;         Hour/Minute

;         Average Soil Temp (C)

;         Slope (umol/mol/s)

;         R2

;         Flux (umol/m2/s)

;         Mean Time (s)

;         Mean CO2 (umol/mol)

;         SD(Time)

;         SD(CO2) 

;         Mean mineral soil moisture (%) 

;         Mean organic soil moisture (%) 

;         SD of mineral soil moisture readings (should be 0) 

;         SD of organic soil moisture readings (should be 0) 

Gas Flow Diagram


Figure 1 -  Graphical depiction of chamber CO2 (ppm) concentration over time during full sampling cycle





















































