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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  

Can you record movies/images using your own microscope camera? (Y/N) N/A  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y 

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.) 2.8, 2.16, 2.17, 3.8, 3.10
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. (Please do not list entire sections.) 2.16. We used reliefs at various spatial scales to limit uncertainties associated with an arbitrary selection of radius. However, the relief maps are highly related. To ensure success, we used the principal component analysis to reduce the collinearity of different relief maps. 
E.  Will the filming need to take place in multiple locations? (Y/N) Maybe If yes, how far apart are the locations? Within 10 miles of each other
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gregory W. McCarty: This method can help answer key questions in the agricultural field, such as how landscape topography affects soil erosion and soil organic carbon dynamics. 
1.2. Xia Li: The main advantage of this technique is that it is applicable to sites with limited observations and provides a cost-effective estimation of soil organic carbon stocks and soil redistribution processes.   

Protocol: (read by voice talent at JoVE)
2. Topographic Analyses

2.1. First, collect data from the GeoTREE Light Detection and Ranging mapping project website [1-MED/MED-over the shoulder]. Select “boundary type” and “region” to zoom into a specific area. Then, draw a polygon to download Light Detection and Ranging tiles for the selected study area [2-SCREEN].  

2.1.1. Talent at computer access the website through the internet browser. 
2.1.2. SCREEN: 58189_McCarty_SCREEN_2.1.2.mp4
2.2. Convert the raw Light Detection and Ranging data to a LAS file using the geographic information system mapping tool [1-SCREEN].
2.2.1. SCREEN: 58189_McCarty_SCREEN_2.2.1-2.3.1.mp4. Show 0:00 to 0:20.
2.3. Next, generate digital elevation models, or DEMs, with a 3-meter spatial resolution using inverse distance weighted interpolation [1-SCREEN].  
2.3.1. SCREEN: 58189_McCarty_SCREEN_2.2.1-2.3.1.mp4. Show 0:26 to 0:49.
2.4. Filter the 3-meter DEMs twice with a 3-kernel low pass filter to reduce noises associated with local variation [1-SCREEN]. 
2.4.1. SCREEN: 58189_McCarty_SCREEN_2.4.1.mp4
2.5. To generate topographic metrics, first click “Import Raster” in the Import/Export section to import the filtered 3-meter DEMs into SAGA [1-SCREEN-TXT].

2.5.1. SCREEN: 58189_McCarty_SCREEN_2.5.1.mp4. TEXT: SAGA: System for Automated Geoscientific Analysis.
2.6. Next, click the “Slope, Aspect, Curvature” module of SAGA with the default settings to generate the slope, the curvature-related metric, and the general curvature metric using the filtered DEMs [1-SCREEN-TXT].
2.6.1. SCREEN: 58189_McCarty_SCREEN_2.6.1.mp4. TEXT: See Figure 1.
2.7. Click the “Flow Accumulation (Top-Down)” module of SAGA and select “Deterministic infinity” as the method to generate the flow accumulation metric using the filtered DEMs [1-SCREEN]. 
2.7.1. SCREEN: 58189_McCarty_SCREEN_2.7.1.mp4.
2.8. Following this, click the “SAGA Topographic Openness” module with the default settings to generate the positive openness metric using a filtered z-axis amplified image [1-SCREEN]. 
2.8.1. SCREEN: .58189_McCarty_SCREEN_2.8.1.mp4.
2.9. Gregory W. McCarty: The enlargement of the vertical distances in Digital Elevation Models improves distinguishability of positive openness at sites with a relative flat surface.
2.9.1. Talent speaks toward the camera, interview style.   
2.10. Click the “LS- factor (Field Based)” module of SAGA with the default settings to generate the upslope slope and slope length factor metrics using the filtered DEMs [1-SCREEN].
2.10.1. SCREEN: 58189_McCarty_SCREEN_2.10.1-2.12.1.mp4. Show 0:04 to 0:23.
2.11. Next, click the “Flow Path Length” module of SAGA with the default settings to generate the flow path length metric using the filtered DEMs [1-SCREEN].
2.11.1. SCREEN: 58189_McCarty_SCREEN_2.10.1-2.12.1.mp4. Show 0:29 to 0:41.
2.12. Click the “Downslope Distance Gradient” module of SAGA with the default settings to generate the downslope index metric using the filtered DEMs [1-SCREEN].
2.12.1. SCREEN: 58189_McCarty_SCREEN_2.10.1-2.12.1.mp4. Show 0:43 to 1:00.
2.13. Now, click the “SAGA Wetness Index” module and select “absolute catchment area” as the Type of Area to generate the catchment area and topographic wetness index metrics using the filtered DEMs [1-SCREEN].
2.13.1. SCREEN: 58189_McCarty_SCREEN_2.13.1-2.14.1.mp4. Show 0:00 to 00:15 and 1:09 to 1:12. The processing period 0:16 to 1:08 can be removed.
2.14. Click the “Stream Power Index” module of SAGA and select “pseudo specific catchment area” as the Area Conversion to generate the stream power index metric using the filtered DEMs [1-SCREEN].
2.14.1. SCREEN: 58189_McCarty_SCREEN_2.13.1-2.14.1.mp4. Show 1:13 to 1:42.
2.15. Following this, generate maximum elevation maps with multiple radiuses. Filter the maximum elevation maps twice through a 3-kernel low pass filter. Subtract the filtered 3-meter DEM from the filtered maximum elevation maps to obtain a series of relief maps [1-SCREEN]. 
2.15.1. SCREEN: 58189_McCarty_SCREEN_2.15.1.mp4.
2.16. Extract a series of relief variables to a number of locations. Perform principal component analysis on the relief variables to convert the reliefs into topographic relief components. Select principal components that explain more than 90 percent variance of the relief dataset as the topographic relief metrics [1-SCREEN]. 
2.16.1. SCREEN: 58189_McCarty_SCREEN_2.16.1 (1).mp4. Show 0:08 to 0:30 for first sentence, 0:50 to 0:54 for second sentence and 0:55 to 1:03 for third sentence.
2.17. Standardize the seven relief maps using mean and standard deviation [1-SCREEN]. Create relief principal components by sum of the standardized topographic relief weighted by the corresponding loadings [2-SCREEN].

2.17.1. SCREEN: 58189_McCarty_SCREEN_2.17.1.mp4. 
2.17.2. SCREEN: 58189_McCarty_SCREEN_2.17.2.mp4. 
2.18. Xia Li: While creating the relief metric, it’s important to generate relief images at various spatial scales to limit uncertainties associated with an arbitrary selection of radius because controls of relief on soil properties could be influenced by spatial scales of relief.  

2.18.1. Talent speaks toward the camera, interview style.   
3. Field Data Collection
3.1. Select a number of cropland field locations that can adequately represent the landscape characteristics of the study area and several representative small-scale cropland fields that can be intensively sampled [1-WIDE/MED].  

3.1.1. Shot of field locations. 
3.2. Upload all the sample location coordinates to a code-based geographic positioning system[1-MED-over the shoulder] and physically locate them in the field [2-MED].
3.2.1. Talent uploads the sample location coordinates in the system.

3.2.2. Talent locates one of the coordinates in the field. If there is time, show talent locating as many coordinates as possible.
3.3. Next, collect 3 samples for each sampling location from the top 30 centimeter soil layer using a push probe [1-MED-over the shoulder-TXT].

3.3.1. Talent collects the samples from one sampling location. TEXT: 3.2 cm in diameter. Video Editor: overlay should appear at mention of “push probe”.
3.4. Record geographic coordinate information of the sampling locations using the geographic positioning system [1-MED-over the shoulder].
3.4.1. Talent records coordinate information.

Step 3.6 was moved to above step 3.5. The modification has been discussed with the videographer during the shoot.
3.5. Following this, sieve the soil sample with a 2-millimeter screen [1-MED-over the shoulder]. This was originally 3.6.
3.5.1. Talent adds sample to screen and collects the sieved soil.
3.6. Weigh the soil samples after drying [1-MED-TXT]. Calculate the soil density using the total sample volumes at sampling locations and weights [2-MED-over the shoulder]. Mix the three samples from the same location to get a composite soil sample [3-MED].  This was originally 3.5.
3.6.1. Talent places one of the samples on the balance and records the weight. TEXT: 90 °C, 48 h. Video Editor: overlay should appear at mention of “drying”.

3.6.2. Talent at computer performs soil density calculation in the software.

3.6.3. Talent mixes the soil samples together.
3.7. Grind a 10 gram subsample of the sieved soil to a very fine powder with a roller mill [1-MED].
3.7.1. Talent places subsample in roller mill and starts the grinding process.
3.8. Now, measure the soil total carbon content in the roller milled sample through combustion on a CN elemental analyzer at a temperature of 1350 degrees Celsius [1-MED-over the shoulder]. After baking the soil organic matter in a furnace, estimate calcium carbonate carbon content by analyzing the remaining carbon [2-MED-TXT].  
3.8.1. Talent places sample in elemental analyzer and starts analysis in computer software. 

3.8.2. Talent places sample in elemental analyzer and starts analysis in computer software. TEXT: 420 °C, 16 h. Video Editor: overlay should appear at mention of “after baking the soil organic matter in a furnace”.
3.9. Now, place the bulk 2-millimeter sieved soil samples in Marinelli beakers and seal them [1-LM]. Place the beaker in the detector [2-LM] and measure the cesium concentration of each sample through gamma-ray analysis [3-LM] using a spectroscopy system that receives inputs from three high purity coaxial germanium crystals into 8192-channel analyzers [4-LM]. Record the cesium concentration output [5-LM].
3.9.1. Added. Marinelli_beakers.tif
3.9.2. Added.Detector_without_shielding.tif
3.9.3. Added.Detector_inside_cosmic_ray_shielding.tif
3.9.4. Added.Detector_electronics.tif
3.9.5. Added.Display of output.tif
3.10. Finally, calculate the soil redistribution rate using the cesium inventory by applying the Mass Balance Model II in a spreadsheet add-in program [1-MED-over the shoulder-TXT].

3.10.1. Talent at computer performs calculation in software. TEXT: See Walling, D.E., Zhang, Y., He, Q. IAEA (2011). Video Editor: overlay should appear at mention of “spreadsheet add-in program”.
4. Results: Soil Redistribution and Soil Organic Carbon in Topography-based Models 
4.1. Four hundred and sixty crop field locations were randomly selected to derive topographic information in the Walnut Creek Watershed in Iowa [1-LM]. 
4.1.1. 58189fig2.jpg
4.2. Results of correlation analyses between topographic metrics and soil organic carbon density/soil redistribution are presented here [1-LM]. The topographic wetness index and large-scale topographic relief showed the highest correlations with density and soil redistribution rates, respectively [2-LM].  
4.2.1. Table_2.xlsx: If not possible to show the entire table, show the following columns (SOC/SR, Slope, LsRe, CA, TWI).
4.2.2. Table_2.xlsx: Highlight LsRe and TWI columns.

4.3. Spatial patterns of the two metrics showed high values in depressional area and low values in sloping and ridge areas [1-LM]. However, differences between the two metrics occurred in ditch areas, where the topographic wetness index exhibited extremely high values but the values of large-scale topographic relief were not different from adjacent areas [2-LM].  
4.3.1. 58189fig4.jpg: Highlight or emphasize figures b and d.
4.3.2. 58189fig4.jpg: Continue highlighting or emphasizing figures b and d.
4.4. Five topographic principal components that were selected to build topography-based models are listed here [1-LM]. 
4.4.1. Table_3.xlsx: Highlight top row (TPC1, TPC2, TPC3, TPC6, TPC7). Use updated Table 3.
4.5. Over 70 and 65 percent of variability in soil organic carbon density and soil redistribution rates were explained by the SOLSRf (pronounced stepwise ordinary least square reqression model with whole variables), respectively [1-LM]. For the models with collinear covariate removed, simulation efficiencies were slightly lower than the SOLSRf model [2-LM]. For SPCR models, similar simulation efficiencies as the SOLSRr (pronounced stepwise ordinary least square reqression model with collinear covariate removed) are observed [3-LM].  
4.5.1. 
Table_4.xlsx: Highlight SOLSRf rows. If not possible to show entire table on screen, remove the “Model” column. 

4.5.2. Table_4.xlsx: Highlight SOLSRr rows at mention of “for the models with collinear covariate removed” and highlight 0.63 and 0.68 in the “R2adj” column at mention of “simulation efficiencies were slightly lower than SOLSRf models”.

4.5.3. Table_4.xlsx: Highlight SPCR and SOLSRr values in the “R2adj” column (0.68 and 0.63 in first two and last two rows).
4.6. The soil redistribution and soil organic carbon density maps generated from SPCR models revealed consistent patterns between model simulations and field measurements [1-LM]. 
4.6.1. 58189fig5.jpg: Highlight figures a and b at mention of “soil redistribution” and figures c and d at mention of “soil organic carbon density”
5. Conclusion (said by authors on camera)

5.1. Gregory W. McCarty: This technique paved the way for researchers in the field of agriculture to explore soil redistribution and organic carbon patterns at watershed and regional scale.

5.2. Xia Li: The technique could be improved with further refinement of Light Detection and Ranging data and inclusion of additional topographic metrics. .   

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 720X480 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.  

Insert your media filenames here.
2.1.2 – 58189_McCarty_SCREEN_2.1.2.mp4
2.2.1 – 58189_McCarty_SCREEN_2.2.1-2.3.1.mp4
2.3.1 – 58189_McCarty_SCREEN_2.2.1-2.3.1.mp4
2.4.1 – 58189_McCarty_SCREEN_2.4.1.mp4
2.5.1 – 58189_McCarty_SCREEN_2.5.1.mp4
2.6.1 – 58189_McCarty_SCREEN_2.6.1.mp4
2.7.1 – 58189_McCarty_SCREEN_2.7.1.mp4
2.8.1 – 58189_McCarty_SCREEN_2.8.1.mp4
2.10.1 – 58189_McCarty_SCREEN_2.10.1-2.12.1.mp4
2.11.1 – 58189_McCarty_SCREEN_2.10.1-2.12.1.mp4
2.12.1 – 58189_McCarty_SCREEN_2.10.1-2.12.1.mp4
2.13.1 – 58189_McCarty_SCREEN_2.13.1-2.14.1.mp4
2.14.1 – 58189_McCarty_SCREEN_2.13.1-2.14.1.mp4
2.15.1 – 58189_McCarty_SCREEN_2.15.1.mp4
2.16.1 – 58189_McCarty_SCREEN_2.16.1 (1).mp4
2.17.1 – 58189_McCarty_SCREEN_2.17.1.mp4
2.17.2 – 58189_McCarty_SCREEN_2.17.1.mp4
3.9.1 – 58189_McCarty_Marinelli_beakers.tif
3.9.2 – 58189_McCarty_Detector_without_shielding.tif
3.9.3 – 58189_McCarty_Detector_inside_cosmic_ray_shielding.tif
3.9.4 – 58189_McCarty_Detector_electronics.tif
3.9.5 – 58189_McCarty_Display of output.tif
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 recognized and specimens/samples 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 are included in the email accompanying the finalized script.
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