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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
3.1-3.9, 4.1, 4.2, 5.1, 5.2, 5.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document.
3.5, 3.6: (Fumigating sample) We perform several short fumigations to pull chloroform down into the soil followed by a longer fumigation. We also check seals on the desiccator and watch for continued boiling of the chloroform after the vacuum pump is turned off.
E.  Will the filming need to take place in multiple locations? (Y/N) N* 
*Note to videographer: Steps 2.1-2.4 are performed outside in an area near the campus.


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this sequential fumigation incubation procedure is to estimate labile carbon and the potential carbon turnover rate in soil. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Michael Blazier: This method can help answer key questions in the soil microbiology field, such as the magnitude of substrate used by soil microbes for nutrient transformations. 
1.2. Michael Blazier: The main advantage of this technique is that it is relatively inexpensive and simple to use. 


Protocol (read by voice talent at JoVE):
2. Soil Collection and Preparation
2.1. Prior to collection, identify differences in soil properties and vegetation within the collection site. [1-WIDE] Using the appropriate coefficients of variation, determine the number of samples needed and the distance of variability. [2-MED]
2.1.1. Talent approaches the collection site and begins inspecting the soil and vegetation.
2.1.2. Talent inspects the soil and vegetation, and then consults a notebook/tablet.
2.2. For heterogeneous soil conditions, designate a grid sample pattern wherein the distance between sample points on each transect is smaller than the distance of variability within an experimental unit. [1-WIDE-TXT]
2.2.1. Talent marks out the grid pattern with clearly visible indicators. (TEXT: For homogeneous conditions, use a random or zigzag sample pattern.)
2.3. Clear organic matter from the soil surface at the sample points. [1-CU] Using an augur (pronounce as aw-ger), collect each soil sample. [2-MED]
2.3.1. A sample point is cleared off.
2.3.2. Talent collects a soil sample with an augur.
2.4. For each transect of the grid, mix the samples in a single container. [1-MED-TXT] Place each composite sample in a cooler with ice packs immediately after collection. [2-MED-TXT]
2.4.1. Talent mixing soil samples in a container. (TEXT: For homogeneous sites, combine all collected samples in one container.)
2.4.2. Talent places the closed container of soil in a cooler. (TEXT: For long-term storage, keep the samples in a refrigerator at 4 C.)
2.5. Once field work is completed, sieve the soil samples. [1-MED-TXT] Clean the mesh with water after sieving each sample. [2-MED]
2.5.1. Talent sieving a soil sample. (TEXT: 6.4 mm x 6.4 mm mesh sieve)
2.5.2. Talent rinsing the sieve.
2.6. For each composite soil sample, place three individual 100 g samples into beakers. [1-MED] Cover the beakers with laboratory film and pre-incubate the beakers at 25 C for 10 days. [2-MED]
2.6.1. Talent putting 100 g soil into a beaker. If possible, the other two soil-filled beakers from that sample are visible nearby. (Author Note: There was a brief hand swipe across the scale during this shot that should be edited out. I was removing a small amount of soil that spilled onto the scale while transferring the soil to the beaker.)
2.6.2. Talent covers the beaker with Parafilm and places it with other covered beakers on the benchtop. Talent then moves away from the benchtop.
2.7. Then, for each sample, remove the film and place 1 g of soil in a pre-weighed aluminum weigh boat. [1-MED] Record the combined weight of the moist soil and weigh boat. [2-MED]
2.7.1. Talent removes Parafilm from a beaker and begins adding soil to a weigh boat already on a balance.
2.7.2. Talent notes down weight of soil and weigh boat from balance.
2.8. Dry each sample in the weigh boats at 105 C for 48 hours. [1-MED-Over shoulder-TXT] Check the weight every eight hours for the first 24 hours, [2-MED] and then every six hours until no more weight is lost. [3-MED]
2.8.1. Talent places weigh boat containing soil into an oven already containing other soil samples in weigh boats. (TEXT: Dry samples at 105 °C for 48 hrs)
2.8.2. Talent removes weigh boat with soil from the oven.
2.8.3. Talent takes weigh boat with soil from the balance over and brings it to the balance oven.
2.9. Using the known weights of the weigh boats, determine the weight of the dry soil. Calculate the dry to moist soil weight ratio. [1-MED]
2.9.1. Talent looks at readout of balance with weigh boat containing soil, makes brief use of a calculator, and notes something in a lab notebook. (If this is usually done with an Excel spreadsheet, have talent move from the balance to a computer instead.)
3. Soil Sample Fumigation
3.1. To begin the fumigation, place a damp paper towel at the bottom of each of two glass vacuum desiccators with porcelain plates. [1-MED] Designate one desiccator for fumigation. [2-MED]
3.1.1. Talent places a damp paper towel in both desiccators.
3.1.2. Talent clearly labels one desiccator for fumigation.
3.2. For each sample, prepare three narrow glass vials each containing 30 g of soil.  [1-MED-Over shoulder] Label each vial in pencil on laboratory tape. [2-MED]
3.2.1. Talent finishes weighing soil into one glass vial, picks up an empty glass vial, and places it on the balance.
3.2.2. Talent finishes labeling a vial of soil and places it next to two other filled and labeled vials.
3.3. For each set, place two vials in the fumigation desiccator and the third vial in the other desiccator. [1-MED] Place the fumigation desiccator in a fume hood. [2-MED]
3.3.1. Talent places two labeled vials of soil in the ‘fumigation’-labeled desiccator and a third labeled, filled vial in the other desiccator.
3.3.2. Talent puts the fumigation desiccator in a hood (with all samples loaded, if more than one set of samples will be prepared for filming).
3.4. Cover the bottom of a 100 mL beaker with boiling stones. [1-CU] In the fume hood, pour 50 mL of ethanol-free chloroform into the beaker. Place the beaker in the center of the fumigation desiccator and close the desiccator. [2-MED]
3.4.1. Boiling stones being poured into a 100 mL beaker.
3.4.2. Talent pours CHCl3 into beaker containing boiling stones, and then places the beaker in the desiccator and closes the desiccator.
3.5. Connect the fumigation desiccator to a vacuum pump. Turn on the vacuum pump and allow the chloroform to boil for 30 seconds. [1-MED*] Then, turn off and disconnect the pump to allow air into the desiccator. Repeat this step twice more. [2-MED-TXT*]
3.5.1. Talent connects tubing to the desiccator in the hood, then opens the desiccator to vacuum and observes the chloroform boiling.
3.5.2. Talent closes the desiccator to vacuum, vents the desiccator, and then reconnects the tubing. (TEXT: Boil CHCl3 for 30 sec 3x)
(*Please get some b-roll of this full cycle to be used in 5.5.1.)
3.6. Boil the chloroform a fourth time for two minutes. [1-CU] Then, close off the desiccator to maintain the vacuum. Turn off and disconnect the vacuum pump. [2-MED]
3.6.1. Chloroform boiling in the desiccator.
3.6.2. Talent closes the desiccator to vacuum, checks the chloroform beaker, and then disconnects the vacuum line and turns off the pump.
3.7. Close and seal the other desiccator. [1-MED] Store both desiccators in a dark area at room temperature for 24 hours. [2-MED]
3.7.1. Talent puts the lid on the other desiccator and closes the vacuum adapter.
3.7.2. Talent places both closed and sealed desiccators in a cabinet and closes the cabinet.
3.8. Next, place the fumigation desiccator in a fume hood. [1-MED] Vent the desiccator and remove the paper towel. [2-MED-Over shoulder]
3.8.1. Talent removes the ‘fumigation’-labeled desiccator from the cabinet and brings it to a fume hood.
3.8.2. Talent finishes venting the desiccator, opens the lid, and removes the samples to access the paper towel.
3.9. Close the desiccator, connect the vacuum pump, and open the vacuum to remove chloroform gas from the soil samples. [1-MED] Run the vacuum for five minutes and then vent the desiccator. Perform this step four more times. [2-MED-TXT]
3.9.1. Talent connects the vacuum line to the closed desiccator with samples in it and then opens the desiccator to vacuum.
3.9.2. Talent closes the vacuum, vents the desiccator, and then reconnects the vacuum line. (TEXT: Place soil samples under vacuum for 5 min 5x)
4. Soil Sample Incubation
4.1. To prepare incubation containers, label wide-mouth polypropylene bottles for the fumigated and non-fumigated subsamples. [1-MED] Label three more bottles as ‘no-soil’ controls for later titration. [2-MED]
4.1.1. Talent finishes labeling a bottle and places it with two others. Of the three bottles, two should be clearly labeled for fumigated subsamples and the other for non-fumigated subsamples.
4.1.2. Talent places three clearly labeled no-soil bottles next to the first three bottles.
4.2. For each labeled bottle, drill a hole in the center of a size 10 rubber stopper [1-MED] and insert a 15 cm length glass rod into the hole. [1-MED] [2-MED-Over shoulder] Affix a 40 mL glass vial to the glass rod with a rubber band. [3-CU]
4.2.1. Talent drills/pokes a hole in a rubber stopper. (Alternate shot if this can’t be done on-demand in the laboratory: Talent holds up a rubber stopper with a hole in the center and then places it with one of the bottles.) (Author Note: We chose to use the alternate shot of holding up a rubber stopper with a glass rod installed within the stopper.)
4.2.2. Talent seats a glass rod into the stopper. (Author Note: Shot omitted in favor of alternate shot above.)
4.2.3. Talent attaches the glass vial with a rubber band. (Author/Videographer Note: This shot was accidentally taken without holding up the whiteboard slate denoting shot number.)
4.3. Then, add 1 g of soil from the original pre-incubated soil sample to each of its three subsamples. [1-MED-Over shoulder] Place 1 mL of deionized water into one of the bottles labeled for fumigated soil. [2-MED] Place a vial of fumigated soil into the bottle. [3-MED]
4.3.1. Talent distributing soil from the original pre-incubated sample into the subsample vials.
4.3.2. Talent pipettes 1 mL DI H2O into a visibly labeled ‘fumigated soil’ bottle.
4.3.3. Talent places labeled vial of soil into that bottle.
4.4. Pipette 1 mL of 2 M (pronounce as “molar”) sodium hydroxide into the glass vial of the stopper assembly. [1-MED] Carefully stopper the bottle and seal the bottle with laboratory film. [2-MED]
4.4.1. Talent pipettes NaOH from labeled container into the stopper glass vial.
4.4.2. *Film as written.
4.5. Repeat this process for the remaining soil samples. [1-MED] Prepare the ‘no-soil’ containers in the same way, but without soil samples. [2-MED]
4.5.1. Talent places a sealed incubation container next to two other sealed containers.
4.5.2. Talent pipettes DI H2O into a ‘no-soil’ bottle, pipettes NaOH into a stopper vial, and then stoppers the ‘no-soil’ bottle.
4.6. Store the incubation chambers in a dark area at room temperature for 10 days. [1-MED/MED-Over shoulder]
4.6.1. Talent places a sealed chamber in a storage area with other sealed chambers and closes the storage area. (MED for this shot; MED-Over shoulder for an additional shot of the cabinet opening to show the sealed containers for use in 5.4.2.)
5. Determination of Labile Organic Carbon (LOC) and Potential Carbon Turnover Rate
5.1. After incubation, carefully remove the vial of sodium hydroxide from an incubation container. [1-MED] Pipette 2 mL of 1 M barium chloride into the vial. [2-MED-Over shoulder]
5.1.1. Talent unwraps and removes the stopper assembly from an incubation chamber and begins removing the rubber band.
5.1.2. Talent pipettes BaCl2 from a labeled container into the vial.
5.2. Add one drop of phenolphthalein (pronounce as fee-nawl-thal-een) to the vial. Add a magnetic stir bar to the vial and begin stirring the mixture on a stir plate. [1-MED-Over shoulder]
5.2.1. [Shots 5.2.1, 5.3.1, 5.3.2, and 5.3.3 combined] Talent adds phenolphthalein, then a stir bar, and then clamps the vial in place on a stir plate and starts the stirring motor.
5.3. With a burette, slowly add 0.1 N (pronounce as “normal”) HCl (pronounce as hydrochloric acid) [1-MED-Over shoulder/MED] until the solution appearance changes from red to colorless. [2-CU] Record the volume of HCl added. Repeat the titration for all of the incubation chambers, noting the ‘no-soil’ values separately. [3-MED]
5.3.1. Talent begins titration. (MED-Over shoulder for this shot; MED for b-roll/additional shot to be used in 5.4.1)
5.3.2. Red color disappears from solution in the vial.
5.3.3. Talent looks at the burette and notes the volume in a laboratory notebook, and then opens another incubation chamber so that the NaOH vial is clearly visible.
5.4. Using the titration data and the dry-moist soil weight ratio, [1-MED] calculate the carbon dioxide mineralized during incubation of the soil samples. [2-MED-Over shoulder] From this, calculate the microbial biomass carbon for each set of samples. [3-WIDE-TXT]
5.4.1. Use alternate take from 5.3.1 (Talent adding HCl dropwise to stirring vial of red solution from burette)
5.4.2. Use additional shot from 4.6.1 (Cabinet/storage opening to show sealed incubation chambers.) 
5.4.3. Talent brings lab notebook to a computer and begins calculating values for this batch of samples. (TEXT: See text protocol for equations.)
5.5. Perform seven more rounds of fumigation and incubation on the fumigated samples [1-MED], calculating the mineralized carbon dioxide after each cycle. [2-MED-Over shoulder]
5.5.1. Use b-roll from 3.5.1-3.5.2 (chloroform boiling in the desiccator, then vacuum being closed and desiccator vented, then vacuum line re-connected and desiccator opened to vacuum again.
5.5.2. Talent working at the computer.
5.6. Using this data, determine the amount of labile organic carbon and the potential turnover time [1-LM] for each fumigated sample by non-linear regression. [2-MED]
5.6.1. *To be provided by authors: Please provide a screenshot of the prepared spreadsheet described in manuscript step 10.3.1 and list the name of the file under Provided Media. (This can be uploaded to http://www.jove.com/account/file-uploader?src=16657318 prior to filming.) 
5.6.2. Talent running non-linear regression on the computer.

6. Results: Ranges of Labile Organic Carbon (LOC) and Potential Carbon Turnover Rates for Various Vegetation Types
6.1. The sequential soil fumigation and incubation method identified differences in labile organic carbon, or LOC (pronounce as L-O-C), and potential carbon turnover rates among different vegetation conditions. [1-LM]
6.1.1. Figure 2 revised for video.tif: On “labile organic carbon, or LOC”, highlight the “labile C” plot (the top one). On “potential carbon turnover rates”, highlight the “potential C turnover” plot (the bottom one). On “different vegetation conditions”, highlight the named conditions at the bottom of both plots.
6.2. Soybean conditions had the highest LOC values, which was associated with biomass deposition during soybean harvests. Loblolly pine plantations had the highest potential carbon turnover rates, which was associated with acidic pine litter being the dominant source of soil organic matter. [1-LM]
6.2.1. Figure 2 revised for video.tif: On “Soybean...values”, highlight the soybean (x=5) entry on the top plot (Labile C). On “Loblolly...rates”, highlight the loblolly pine plantation (x=1) entry on the bottom plot (Potential C turnover).
6.3. The loblolly pine and switchgrass alley cropping system had the broadest array of sampling site conditions, and the switchgrass pasture had the greatest variation in soil textures among sampling sites. Both of these conditions exhibited wide ranges of both LOC values and potential carbon turnover rates. [1-LM]
6.3.1. Figure 2 revised for video.tif: On “loblolly pine and switchgrass alley cropping system”, box the x=3 entries in both plots. On “switchgrass pasture”, box the x=4 entries in both plots. On “wide ranges...rates”, highlight the “whisker” line for the x=3 and x=4 entries on both plots.

7. Conclusion (said by authors on camera)
7.1. Michael Blazier: Once mastered, this technique can be done in approximately 30 minutes per sample over the 80-day period for the procedure if it is performed properly.
7.2. Michael Blazier: While attempting this procedure, it’s important to remember to make sure seals on the desiccators and incubation chambers are tight, and do not breathe closely to the vials containing NaOH.
7.3. Michael Blazier: Following this procedure, other methods like enzyme assays can be performed in order to answer additional questions like changes in microbial nutrient transformation functions.
7.4. Michael Blazier: After watching this video, you should have a good understanding of how to investigate labile organic carbon in soil samples by sequential fumigation and incubation.
7.5. Michael Blazier: Don't forget that working with chloroform can be extremely hazardous. Personal protective equipment and a fume hood should always be used while performing this procedure. 
   

[bookmark: _GoBack]Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request. The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images, we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Likewise, any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

6.1, 6.2, 6.3 – Figure 2 revised for video.tif 

Authors: Please list additional files here.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for in advance.   

Any overnight or long incubation steps should be noted and specimens/samples should be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions in the email accompanying the finalized script.

 2016, Journal of Visualized Experiments

