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Short and long-term soil C mineralization
From Ben Colman and 
Preparation: Calculating gravimetric water content and water holding capacity

Jarrell, W. M., D. E. Armstrong, D. F. Grigal, E. F. Kelly, H. C. Monger, and D. A. Wedin.  Soil Water and Temperature Status.  1999.  In: Robertson, G. P., D. C. Coleman, C. S. Bledsoe, and P. Sollins.  Standard Soil Methods for Long-Term Ecological Research. Oxford University Press.  pp 55-73.  
In order to measure C mineralization we need to bring the soils to a “standard” moisture level to make the microbes happy.  40% is standard but Ben recommends 60%.  In order to figure out how much to dry or water to add we need to calculate WHC.

Water holding capacity is the total amount of water that a soil can retain against gravity. To determine water holding capacity, it is necessary to first determine the wet-to-dry conversion of the soil, its gravimetric water content, and then its weight after saturating with water and allowing to freely drain for a specified period of time. 

Materials:

-field moist, 4mm sieved soil

-tin weigh boats

-filter paper (grade not important)

-plastic funnels

-urine specimen cups

-drying oven

-calibrated scale

Protocol:

1. Determine the gravimetric water content of field moist soil

a. Record weight of weighing tin

b. Weigh ~10g field moist soil into tin

c. Record weight of tin + moist soil

d. Dry soil for 24h at 105ºC, then reweigh tin + dry soil.

e. Calculate gravimetric water content of field moist soil:

i. w = (mwet soil – mdry soil)/mdry soil 

f. Calculate wet-to-dry conversion of field moist soil:

i. mdry soil/mwet soil
2. Determine the gravimetric water content of soil at 100% of WHC

a. Get a small funnel, Whatman paper filters folded in quarters (grade not important), and a urine specimen cup (bottom used as funnel holder, top used as lid)

b. Tare funnel, filter, and specimen cup

c. Weigh ~10g of field moist soil into tared filter and record weight

d. Set up three additional filters in funnels without soil (used for determining filter wet weight)

e. Add water to saturate filter and soil

f. Wait ~10 minutes, then add more water to saturate again

g. Cover with specimen cup lid, being careful to not touch the lid to the soil, and wait two hours

h. Remove lid, and then carefully pull filter and soil out and weigh them. 

i. Repeat with filters without soil

j. Calculate the mass of dry soil by multiplying the weight of field moist soil added to the funnel by the dry wet conversion factor (calculated above)

k. Calculate the gravimetric water content at 100%WHC:

i. w = (mwet soil+filter – mwet filter – mdry soil)/mdry soil
3. Determine the water content of field moist soil as a percentage of WHC

a. wfield moist/w100%WHC x 100

4. (Optional) Adjust WHC of soil to 40%, for example 

a. Calculate water mass needed to adjust fresh soil to 40%:

i. w adjustment  = (0.4 * w100%WHC * mdry soil) + mdry soil - m fresh soil
ii. If answer is positive then add water to fresh mass; if answer is negative then air dry to remove water from fresh mass.

C Mineralization

Robertson, G. P. , D. Wedin, P. M. Groffman, J. M. Blair, E. A. Holland, K. J. Nadelhoffer, and D. Harris.  Soil Carbon and Nitrogen Availability.  1999.  In Robertson, G. P., D. C. Coleman, C. S. Bledsoe, and P. Sollins.  Standard Soil Methods for Long-Term Ecological Research. Oxford University Press.  pp 258-271.

Materials:

-field moist soil

-I-Chem vials –check that the septa in the caps are in good shape, i.e. won’t leak gas.

-scale

-Licor

-thermometer

-barometer

-gas bags for CO2 standards

-soda lime jar for CO2-free air
1. Record mass of empty I-Chem vial.  Weigh 5 g of field moist soil into the vial, record total mass.  (Robertson et al calls for 10g in 125 mL flasks).  Record total mass of soil and vial, so that when you weigh it in the future you can determine the amount of moisture mass lost, and adjust WFP accordingly.
2. Adjust WHC to 60% using calculations above.
3. For short-term incubations sample vials after 7 days (see “Using LICOR” instructions).  For long-term incubations, sample flasks at intervals of 7, 14, 28, 42, 63, 84, 105, 140, 196, and 252 days (1, 2, 4, 6, 9, 12, 15, 20, 28, and 36 weeks).  
4. At each sample date, weigh I-Chem vial and adjust WHC accordingly.  Let I-Chem vials sit (capped) for 24h before measuring CO2.

5. Before measuring CO2, vent each vial with a stream of humidified air sufficient to fully aerate the flask headspace and soil macropores (humidify the airstream by bubbling it through a water-filled vial).  
6. Recap the vial and at intervals over the next 2-3 hours remove at least three 1 mL headspace samples for CO2 analysis (see instructions below).  
7. Record room temperature and room barometric pressure at time of sampling for gas calculations later.  
8. The rate of production over this 2-3 h period (the slope of a linear regression of concentration vs. time) represents the respiration potential over that time period.

9. See Robertson, et al. for calculations.

Robertson, G. P., D. Wedin, P. M. Groffman, J. M. Blair, E. A. Holland, K. J. Nadelhoffer, and D. Harris.  1999.  Soil Carbon and Nitrogen Availability: Nitrogen Mineralization, Nitrification, and Soil Respiration Potentials.  P. 258-288.  In: Standard Soil Methods for Long-Term Ecological Research.  G.P. Robertson, D. C. Coleman, C. S. Bledsoe, and P. Sollins, eds.  Oxford University Press, New York.
Using LICOR to measure CO2 concentrations

Updated for 1ml volumes and Ben Colman’s new setup of the LICOR

Updated July 14 2010 - bmm

1. Turn on machine, with N2 gas turned off, wait a few minutes, then turn on N2 gas.

2. Press monitor, then press flow rate to display flow rate

3. Press monitor, then press [CO2] to display CO2 readings

4. Adjust flow rate so that it is around 150, keep adjusting flow rate as needed between samples to keep it within a reasonable range.

5. Zero CO2 reading with “zero” knob (on bottom right corner of the larger gray LICOR box). CO2 reading should be +/- 0.2 from 0 before injecting new sample. Adjust as necessary throughout sampling (this shouldn’t have to occur too often).

6. Evacuate and fill (not full) gas bags for standards fresh daily.  Make a standard curve for the volume that is being injected into the LICOR.  

7. Draw 1 mL standard and inject into LICOR septum (Grace catalog #79391)

8. Press the “LOG” button. Allow LICOR to count up to 61 (that’s the number on the top left corner of the screen). You’ll hear two beeps when it’s ready to be read.

9. Press the down arrow button (“Esc J” is written in black on this button)

10. Your CO2 concentration reading will appear to the right of “1R”.

11. You can inject a new sample immediately after reading your value.

12.  For samples, draw 1 mL CO2-free air from mason jar, inject into vial, pump 2-3 times to mix, draw 1mL sample, inject.  This prevents a vacuum developing in the vials by replacing the air drawn from samples.


