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[bookmark: BackToTop]A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) Y
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1):
Steps 3.1, 3.2, 3.3, 3.6, 4.2, 4.3
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success:
Steps 2.3, 2.6
[bookmark: Introduction]E.  Filming: Will filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (Spoken by voice talent at JoVE.)

The overall goal of this procedure is to measure soil carbon in specific sites or across a field. (Intro)

B. Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Galina: This method is based on the application of inelastic neutron scattering, or INS, to soil carbon analysis.
1.2. Steve: The main advantage of this technique is that it is a non-destructive in situ method that measures soil carbon in large soil volumes.

C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)
1.3. Alex: The analysis of gamma rays created when neutrons interact with soil elements allows us to measure soil carbon in the upper 10 cm of soil.
1.4. Allen: This method can be used in stationary mode at one point in a field, or in scanning mode where the average soil carbon for a whole area is measured.
Authors: Part of one statement was moved to the conclusion to accommodate length restrictions.

[bookmark: IntroStatements][bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Inelastic Neutron Scattering (INS) System Preparation
2.1. Before working with the INS (I-N-S) system, obtain materials for designating a restricted area around the neutron generator. [1-MED-TXT] Verify that the neutron generator ‘Emergency Interrupt’ button is unobstructed. [2-CU]
2.1.1. Talent (who will be wearing a badge throughout the procedure) collects a few “CAUTION, RADIATION AREA” placards from a placard/labeling storage area. (TEXT: The INS system should only be operated by trained and approved personnel with personal radiation monitoring badges.)
Note from the authors: Several shots were added for this section, including close up of badge and signs showing radiation caution and placing tape around the operational area. Editor: The authors didn’t give any specification of how many shots are here and where to include them.
2.1.2. Talent points out the emergency interrupt button.
2.2. Check the power level indicator on the battery charger. Recharge the batteries if fewer than three red lamps are illuminated. [1-MED] Once the power level is acceptable, turn on the power inverter… [2-MED] and the system laptop. [2.2.3.] 
2.2.1. Talent checks the power level indicator, and then points to the illuminated lamps.
2.2.2. Talent turns on the inverter and the laptop.
2.2.3. Added shot: A shot of the laptop.
2.3. Open the data acquisition program. For each detector, check that the DAC (D-A-C) high voltage, the DAC offset, and the slow filter energy coefficient match previously defined values. [1-LM]
2.3.1. Step 2_3.avi @ 00:05-00:20 (cursor points to the detector ID, the DAC values, the energy coefficient, and then switches to another detector)
2.4. Galina Yakubova: It is critical for the functionality of the whole INS system that all detectors are operated in the optimal working regime. [1-MED]
2.4.1. Talent speaks towards the camera, interview style.
2.5. Then, position a Cs-137 (cesium (see-zee-um /ˈsi: zi: əm/) one-thirty-seven) source [2.5.2.] within 5 to 15 cm of all system detectors. [1-MED]
2.5.1. Talent places a mock source where the Cs-137 source is normally placed. (For the purposes of the demonstration, mock sources should be handled as though they were radioactive.)
2.5.2. Added shot: A static shot of the reference source.
2.6. Start acquiring spectra and check the position of the centroid (sen-troyd /ˈsɛn trɔɪd/) of the 662-keV (kilo-electron-volt) Cs-137 peak on each detector. If the centroids are not at the same channel, adjust the slow filter energy coefficient to bring the centroids to the same channel. [1-LM]
2.6.1. Step 2_4.avi @ 00:18-00:37 (selected centroid is not the same on two channels; the energy coefficient is changed, bringing the marker to the center of the peak)
2.7. Aleksandr Kavetskiy: The spectra of all three detectors are summarized after the spectra are acquired, so it is important that the peaks of interest are set on the same channels. [1-MED]
2.7.1. Talent speaks towards the camera, interview style.
2.8. Once the system is ready for calibration, store the Cs-137 source. [1-MED]
2.8.1. Talent puts away the mock source in a shielded container.
3. INS System Calibration
3.1. [bookmark: _Hlk485648004]To begin calibration using pits with homogeneous (hoe-moh-jee-nee-us /ˌhoʊ məˈʤi: ni: əs/) sand-carbon mixtures with known carbon contents, position the INS system over the first calibration pit so that the neutron source projection will be centered on the pit. [1-WIDE]
3.1.1. Talent maneuvers the INS system into place over a calibration pit.
3.1.2. Editor: This part included filming at three different angles and includes shots of the canvas covering being folded down before measurements start. The authors didn’t say if this is an added shot or explanations for the first shot. Try to use this shot with different angles and shots of the canvas. 
3.2. Clearly mark a restricted area with edges no less than 4 m from the neutron generator. Post radiation area hazard signs at the perimeter of this area. [1-WIDE]
3.2.1. Talent puts up yellow and purple tape (or other appropriate boundary marking) and places the radiation area signs at the edge of the boundary.
3.3. Use the key to turn on the neutron generator. [1-MED] Verify that the indicator lamp is green. [2-LM]
3.3.1.  After releasing the power button, then the key is turned.  Talent holds the key near the NG interlock as though about to insert the key.
3.3.2. Step 2-5.jpg: Add an arrow pointing to the green ‘power’ light.
Authors: You do not need to add anything to the above image; the video editor will add the animation during video editing.
3.4. Open the neutron generator control software and clear any faults. Set the pulse frequency, duty cycle, delay time, and extension time. [1-LM]
3.4.1. Step 3_2-3_3.avi @ 00:14-00:22 (filling in the pulse parameters)
3.5. Then, fill in the neutron beam voltage and current. Activate the neutron generator… [1-LM] and wait for the voltage and current readings to stabilize. [3.5.2]
3.5.1. Step 3_2-3_3.avi @ 00:22-00:32 (filling in the beam parameters and starting the neutron generator)
3.5.2. Added shot: After the neutron generator is initiated, a red light will flash as a warning for a safety measure.  A shot of the light flashing was added. 
3.6. Then, in the data acquisition software, start acquiring spectra. Collect data for 1 hour, [1-LM] and then stop acquisition. Save the acquired spectrum for each detector and close both programs. [2-LM]
3.6.1. Step 3_2-3_3.avi @ 01:27-01:33 (in the other software, starting spectrum acquisition)
3.6.2. Step 3_2-3_3.avi (crossfade to simulate time passing, if possible) @ 01:51-01:58 (stopping and saving the spectrum)
3.7. Turn off the neutron generator with the key and verify that the indicator lamp dims. [1-MED] Repeat the process for each calibration pit. [2-WIDE]
3.7.1. Talent, holding the key as though having just turned off the NG, points to the non-illuminated indicator lamp.
3.7.2. The remaining calibration pits.
3.8. Then, import the acquired data into a spreadsheet program. Locate the rows containing output count rates, input count rates, and real time. From these, calculate the lifetimes for all measurements. [1-LM]
3.8.1. Step 3_5.avi @ 00:07-00:18 (cursor indicates the named values)
3.9. Convert the gamma readings to counts per second using the measurement lifetimes. Repeat this process for each calibration pit. Then, calculate the net INS spectrum for each pit. [1-SCREEN][3.9.2]
3.9.1. *To be provided by authors: Screen capture footage of filling in representative values for OCR, ICR, and RT in an Excel worksheet to generate the net INS spectrum data points.  
3.9.2. Added shot: An over the shoulder shot was added for this part as well. Editor: Try to use these two shots one after another if possible.
3.10. Using analytical software, visualize the first net INS spectrum. Right-click on the generated graph and click ‘Show Info’ to bring up windows with A and B markers. Use the markers to select the 1.78-MeV (mega-electron-volt) peak. [1-LM]
3.10.1. Step 3_7-3_8.avi @ 00:05-00:18 (graph is generated, A and B marker window is opened, markers are placed on either side of the peak)
3.11. Open the multi-peak-fitting function and set the baseline as linear and the boundaries as the graph cursors. Use the tool to auto-pick the peaks and determine the peak area. [1-LM]
3.11.1. Step 3_7-3_8.avi (crossfade from previous clip if possible) @ 00:38-00:48 (skipping over navigating several submenus; peak-picking parameters set and the peak area is automatically calculated)
3.12. Then, select the 4.44-MeV peak and determine the peak area in the same way. Repeat this process for each net INS spectrum. [1-LM]
3.12.1. Step 3_7-3_8.avi (crossfade from previous clip if possible) @ 01:09-01:19 (skipping to picking the next peak)
3.13. Calculate the net carbon peak area for each calibration pit from these values. Plot the net carbon peak areas vs. the pit carbon. Apply a linear fit to generate the calibration coefficient for the INS system. [1-LM]
3.13.1. Step 3_9.avi @ 00:36-00:48 (linear fit with coefficients is generated for the plot)

4. Field Soil Measurements
4.1. To conduct field soil measurements in static mode, apply the same technique used with the calibration pits. [1-WIDE]
4.1.1. Before measurement, placed a flag at the location where the INS will measure soil carbon in the field.  Talent positions the INS system over the flag in the ground as though about to start a static mode measurement there.
4.2. To conduct field soil measurements in scanning mode, first design a path for the system to scan the entire area of interest in an hour. Plant flags at each turning point along the path. [1-WIDE]
4.2.1. Talent plants flags at turning points for a scanning mode measurement.
4.3. Start data acquisition and move the INS system along the predetermined path at the appropriate speed. [1-MED] After data acquisition is complete, turn off the system as previously described. [2-MED-Over shoulder]
4.3.1. After starting the acquisition system, the INS is moved along the marked path.  Talent starts the INS system along the path as though acquiring a scanning mode measurement.
4.3.2. Talent turns off the control laptop as though finishing a shutdown process.
4.4. Analyze the data and calculate the soil carbon for the scanned area [4.4.2] using the calibration coefficient. [1-MED-Over shoulder]
4.4.1. Talent, using IGOR, generates a trendline and the calibration coefficient from a representative dataset.
4.4.2. [bookmark: _GoBack]Added shot: An over the shoulder shot was added for this part.  
5. Results: Field Measurements of Carbon Content
5.1. Carbon in the upper soil layer was measured with the traditional dry combustion method and with the INS system in static mode. The results agreed well, [1-LM] and carbon distribution maps of the sampled field were very similar for the two methods. It took about two months to finish the dry combustion measurements for the field site, whereas the static mode INS measurements were completed in two days. [2-LM]
5.1.1. Table 1 (Table 1.xlsx)
5.1.2. Figures 9 and 10 (Fig 9 (1).pdf and Fig 10 (1).pdf)
5.2. Scanning mode INS measurements were compared to static mode measurements taken along the scanning path. [1-LM] The scanning mode net INS spectrum matched the static mode spectra within the limits of experimental error. Further, the scanning mode data were acquired in one hour, whereas it took five hours to collect the five sets of static mode data. [2-LM]
5.2.1. Figure 11 and Table 2 (Figure 11.pdf and Table 2.xlsx): Add the caption “Lines: Scanning path, Stars: Static mode measurement locations” under or next to Figure 11, as space allows. On “static mode…scanning path”, highlight the stars in Figure 11 and the ‘Static’ cells in the ‘Site #’ row of Table 2 (containing the values 1, 2, 3, 4, 5).
5.2.2. Figure 12 (Figure 12.pdf): On “Further…”, add ‘1 hr’ next to the ‘Scan’ label in the legend. On “whereas…”, also add ‘5 x 1 hr’ next to the ‘Stat_#’ cluster of labels in the legend.
6. Conclusion (Said by you on camera. Don’t forget to smile!)
6.1. Galina: This INS technique should greatly improve the ability of researchers to measure soil carbon in the field, which will help soil scientists evaluate strategies for carbon sequestration and develop management practices that optimize soil productivity.
6.2. Allen: The significance of the inelastic neutron scattering method versus traditional soil sampling methods is increased speed of defining soil carbon and improved accuracy of analysis on a whole-field scale.
6.3. Galina: Research is ongoing to expand this technique to measuring other soil elements and to measuring soil moisture.

[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .tiff, .png, .eps, .ai, .psd, .pdf
Preferred movie formats: .mov, .mp4, .avi

If figures or tables were created as .pptx or .xlsx files, please provide those as well.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17162398

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)


General Preparation

It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. All tubes, flasks, and plates should be clean, dry, and neatly labeled.

If your procedure includes long incubation, reaction, heating, or calculation times, prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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