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Authors, please fill out the brief questionnaire below.   
A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N__X___ If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  

Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) __N_____ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_Y._3.9 and 3.10 involve software, but it is not very complicated at all______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_ 3.4, 3.6, 3.8, 3.10, 3.11_________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _3.11 and 3.12. The most difficult step is making sure the logger is working. We ensure its success by checking the data values while connected to the logger with a laptop._________________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to install a surface renewal system to measure and process field-scale energy flux density data. (Intro)
This is accomplished by first installing the tower, data logger enclosure, and solar panel in the field. (P1)
The second step is to fix the sensors to the tower. (P2)
Next, the sensor wires are connected to the data logger. (P3)
The final step is to interface to the data logger with a laptop, upload the program to the data logger and check that the data logger is receiving signals from the sensors. (P4)
Ultimately, surface renewal is used to measure the evapotranspiration of an ecosystem, providing information that is useful to growers for making irrigation decisions in a variety of agricultural ecosystems. (P5)
Editors, please show figure 11 as this point is narrated.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Rick Snyder:  Though this method can provide insight into agriculture, it can also be applied to other natural ecosystems, such as forests and wetlands.
1.1.1. MED:  Rick speaks toward camera, interview style.
1.2. Tom Shapland:  The implications of this technique extend toward irrigation management, because evapotranspiration is the major cause of water loss from crop production systems. 
1.2.1. MED:  Tom speaks toward camera, interview style. 

1.3. Arturo Calderon: Generally, individuals new to this method will struggle because they do not know how to install the equipment and how to ensure that it is working properly.
1.3.1. MED:  Arturo speaks toward camera, interview style.
1.4. Kyaw Tha Paw U:  We first had the idea for this method when observations of turbulence data led us to adapt the surface renewal concept from chemical engineering to atmospheric science.
1.4.1. MED:  Kyaw speaks toward camera, interview style.
1.5. **Andrew McElrone:  Demonstrating the procedure will be Rick Snyder, UC biometeorology specialist, Kyaw Tha Paw U, professor of atmospheric science, as well as Arturo Calderon and Tom Shapland, post docs from my laboratory. 
1.5.1. MED:  Andrew speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):

2. Preparation of station prior to field deployment
2.1. Begin this experiment by establishing the location of the field station and evaluating the wind direction as described in the text protocol.  
2.1.1. MED-over the shoulder:  Talent analyzes the prevailing wind direction data.
2.2. Prepare as much of the equipment as possible in the laboratory prior to going to the field. First attach the sensors to the data logger.  Then, attach the RS-232 (pronounced “R-S-two-thirty-two”) cable between a laptop and the data logger port.  
2.2.1. MED:  Talent attaches the sensors to the logger.
2.2.2. CU:  RS-232 cable as talent attaches the data logger to the laptop.
2.3. Open the interface program to communicate with the data logger, and then connect to it.  
2.3.1. MED-over the shoulder:  Talent opens the interface program to communicate with the data logger and connects to the data logger.
2.4. Then upload the turnkey data logger program to the data logger.  Check data values for all sensors to see whether everything is working correctly.
2.4.1. SCREEN:  Screen capture movie as talent uploads the turnkey data logger program to the data logger and checks the data values for all sensors prior to tower setup.
3. Setup of surface renewal system 
3.1. Once an appropriate position is identified for the station in the study field, set up the tower.  Stabilize the feet of the tower using the provided stakes.  
3.1.1. MED:  Talent begins to set up the tower by using the provided stakes to stabilize the feet of the tower.  Continue action in next shot.
3.1.2. CU:  Tower as talent stabilizes feet using the provided stakes.
3.2. Pound the long copper grounding rod into the soil with a mini-sledgehammer in a location that will not interfere with the soil heat flux plates.  Connect the grounding rod to the tower using a thick gauge wire and the provided connectors.
3.2.1. MED:  Talent pounds the long copper grounding rod into the soil with a mini-sledgehammer.
3.2.2. CU:  Grounding rod/tower as talent connects the two using a thick gauge wire and provided connectors.
3.3. Attach the data logger enclosure to the main axis of the tower using the u-bolts provided by the manufacturer.
3.3.1. MED-over the shoulder:  Talent attaches the data logger enclosure to the main axis of the tower using the u-bolts provided by the manufacturer.
3.4. Install the two soil heat flux plates with the white dot up at a depth of 5 cm in the interrow space away from drip irrigation emitters. 
3.4.1. CU:  Soil heat flux plate as talent installs at a depth of 5 cm in the interrow space with the white dot up.
3.5. Connect the heat flux plate wires to the data logger channels 3 and 4 as differential input sensors.    
3.5.1. MED-over the shoulder:  Talent connects the heat flux plate wires to the data logger channels 3 and 4 as differential input sensors.
3.6. Install the soil thermocouple to span the volume of soil above the ground heat flux plate to account for the change in heat storage above the plates.  Connect the soil thermocouple to the data logger on channel 5 as a differential sensor.   
3.6.1. CU:  Soil thermocouple as talent installs to span the volume of soil above the ground heat flux plate.
3.6.2. MED:  Talent connects the soil thermocouple to the data logger on channel 5.
3.7. Install the net radiometer on the cross arm boom above the canopy and pointing south.  Connect the net radiometer to the data logger on channel 2 as a differential sensor.
3.7.1. MED-over the shoulder or WIDE:  Talent installs the net radiometer on the cross arm boom above the canopy pointing south.
3.7.2. CU:  Talent connects the net radiometer to the data logger on channel 2 as differential sensor.
3.8. Install the fine wire thermocouple at one end of the cross arm and above the canopy; air temperature will be sampled at 10 Hz.  Thermocouples used for these measurements are typically a 76 micron diameter. 
3.8.1. MED:  Talent installs the fine wire thermocouple at one end of the cross arm and above the canopy.  Continue action in next shot.
3.8.2. CU:  Fine wire thermocouple as talent installs at one end of the cross arm and above the canopy.
3.9. Connect the fine wire thermocouple to the data logger on channel 1 as a differential sensor where the purple wire goes to 1-H, the red wire to 1-L, and the clear wire to the signal ground.
3.9.1. MED-over the shoulder:  Talent connects the fine wire thermocouple to the data logger on channel 1 as a differential sensor.  Continue action in next shot.
3.9.2. CU:  Channel 1 of the data logger as talent attaches the purple wire to 1-H, the red wire to 1-L and the clear wire to the signal ground.
3.10. Install the sonic anemometer at the other end of the cross arm using the Nu-rail (pronounced “new rail”) joint fitting to measure three-dimensional wind velocities and sonic temperature at 10 Hz for calculating the eddy covariance sensible heat flux.  Install the sonic anemometer so the center of the measurement area is located at the same height as the fine wire thermocouple.  
3.10.1. WIDE or MED:  Talent installs the sonic anemometer at the other end of the cross arm using the Nu-rail joint fitting.
3.10.2. CU:  Sonic anemometer as talent installs it so the center of the measurement area is located at the same height as the fine wire thermocouple.  
3.11. Next, attach the power supply to the data logger.  Connect a laptop to the data logger using the RS-232 cable port on the front of the data logger.  
3.11.1. MED-over the shoulder:  Talent attaches the power supply to the data logger.
3.11.2. CU:  RS-232 cable as talent uses it to connect the laptop to the data logger.
3.12. Using the turnkey data logger program, check data values for all sensors to ensure everything is working correctly.
3.12.1. SCREEN:  Screen capture video as talent uses the turnkey data logger program to check the data values for all sensors in the field.
4. Maintenance of functional surface renewal system 
4.1. Unscrew the Nu-Rail joint and lower the main vertical mast that holds the net radiometer.
4.1.1. MED-over the shoulder:  Talent unscrews the Nu-Rail joint and lowers the main vertical mast that holds the net radiometer.
4.2. Bend the insulated thermocouple wire at its junction with the metal cylinder.  Carefully dip the exposed thermocouple wires into a jar of lemon juice, making sure not to hit the exposed wires against the jar.  
4.2.1. CU:  Insulated thermocouple wire as talent bends at its junction with the metal cylinder.
4.2.2. MED:  Talent carefully dips the exposed thermocouple wires into the lemon juice.
4.3. Clean off the lemon juice from the sensor by dipping the wires into a jar of deionized water.  Re-straighten the thermocouple wire at its junction with the metal cylinder. 
4.3.1. CU:  Wires as talent cleans off the lemon juice in a jar of deionized water.
4.3.2. MED-over the shoulder:  Talent re-straightens the thermocouple wire at its junction with the metal cylinder.
4.4. Spray the net radiometer with deionized water, and dry it with absorbent wipes.  
4.4.1. MED:  Talent sprays the net radiometer with deionized water.
4.4.2. CU:  Net radiometer as talent dries with absorbent wipes.
4.5. Raise the vertical mast up to its original position… retighten the Nu-Rail set screws… and level the net radiometer.
4.5.1. MED:  Talent raises the vertical mast up to its original position.
4.5.2. CU:  Nu-Rail set screws as talent retightens.
4.5.3. MED-over the shoulder or MED:  Talent levels the net radiometer.
4.6. Finally, take photographs of the tower to record any changes in the plant canopy over time.
5. Results:  Analysis of field-scale energy flux density data
5.1. An example temperature trace measured with a fine wire thermocouple is represented here.  The trace shows the need for mathematical analysis to extract the signal from this raw data.  Visual inspection of this data reveals three or four primary ramps ending at approximately 12, 35, 46, and 72 seconds.
5.1.1. LAB MEDIA:  Figure 9
5.1.2. LAB MEDIA:  Figure 9_highlight.  Editors, please show as the last sentence is narrated. 
5.2. All of the energy balance components follow a similar diurnal pattern with peak values occurring in the middle of the day.  
5.2.1. LAB MEDIA:  Figure 10
5.3. Net radiation is positive during the day as the surface receives more radiation than it loses, and negative at night as the surface loses more radiation than it receives, exhibiting the diurnal curve expected for sunny springtime days in northern California.
5.3.1. LAB MEDIA:  Figure 10_positive Rn.  Editors, please show as “Net radiation is positive during the day as the surface receives more radiation than it loses” is narrated.  
5.3.2. LAB MEDIA:  Figure 10_negative Rn.  Editors, please show as “negative at night as the surface loses more radiation than it receives” is narrated.  
5.4. Soil heat flux density also follows a diurnal pattern.  
5.4.1. LAB MEDIA:  Figure 10
5.5. It is positive during the day as energy is conducted from the surface into the ground, and negative at night as more energy is conducted from below to the cooler surface.  
5.5.1. LAB MEDIA:  Figure 10_positive G.  Editors, please show as “It is positive during the day as energy is conducted from the surface into the ground” is narrated.  
5.5.2. LAB MEDIA:  Figure 10_negative G.  Editors, please show as “negative at night as more energy is conducted from below to the cooler surface” is narrated.  
5.6. The latent heat flux follows the expected diurnal curve over a crop with adequate water during fair weather.  Net radiation is the dominant energy source for evapotranspiration, so the latent heat flux density values track the changes in net radiation during the daytime.  
5.6.1. LAB MEDIA:  Figure 10_LE.  
5.7. Over an actively transpiring crop, it is expected that the majority of the available energy during positive net radiation conditions is partitioned into latent heat flux density rather than sensible heat flux density and soil heat flux density.  
5.7.1. LAB MEDIA:  Figure 10_positive_LE.  
5.8. During windy nights, the latent heat flux was near zero, whereas it was negative during calm nights, possibly indicating condensation.  Nevertheless, the daytime contribution to the latent heat flux greatly outweighs the nighttime contribution, so uncertainties in nighttime values are interesting but relatively unimportant.  
5.8.1. LAB MEDIA:  Figure 10_LE_zero.  Editors, please transition from the previous figure by zooming into the left hand side of the curve around the dashed zero line.  
5.8.2. LAB MEDIA:  Figure 10_positive_LE.  Editors, please transition to this figure by zooming out from the left hand side of the curve around the dashed zero line during the second sentence.
5.9. The daily cumulative evapotranspiration values agree well for the surface renewal station and a weighing lysimeter situated side by side in a field of wheat.  Weighing lysimeters are considered a gold standard for evapotranspiration estimates from crop surfaces.  
5.9.1. LAB MEDIA:  Figure 11.  
5.10. On most days, the cumulative evapotranspiration from the surface renewal station was slightly higher than values from the lysimeter.  Tower measurements represent fluxes from a broader area than the lysimeter measurements, and at the time of these measurements the wheat in the lysimeter was approximately 10 cm shorter and less dense than the plants in the remainder of the field, so higher evapotranspiration values from the flux tower were expected.  
5.10.1. LAB MEDIA:  Figure 11.  Editors, please highlight the black curves as “the cumulative evapotranspiration from the surface renewal station was slightly higher than” is narrated.  Then highlight the grey curve as “than values from the lysimeter” is narrated.
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera)
6.1. Tom Shapland:  While installing the equipment, it’s important to remember to check that the sensors are returning values to the logger before you leave the field site.
6.1.1. MED:  Talent speaks toward camera, interview style.
6.2. Arturo Calderon:  Following this procedure, other methods like leaf water potential measurements can be performed in order to answer additional questions like plant water status.
6.2.1. MED:  Arturo speaks toward camera, interview style.
6.3. Kyaw Tha Paw U:  After its development, this technique paved the way for researchers in the field of agriculture to explore field-scale water use in a variety of crops.
6.3.1. MED:  Talent speaks toward camera, interview style.
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.
Figure 9.tif

Figure 9_highlight.tif

Figure 10.tif

Figure 10_LE.tif - Authors – please provide a version of this figure with the LE curve only is highlighted (rather than a box that includes the other curves too so that the viewer can tell immediately which curve we are referring to when it appears on screen).
Figure 10_positive_LE.tif - Authors – please provide a version of this figure with a positive portion of the LE curve only is highlighted (rather than a box that includes the other curves too so that the viewer can tell immediately which curve we are referring to when it appears on screen).
Figure 10_LE_zero.tif - Authors – please provide a version of this figure with a zero (evening) portion of the LE curve only is highlighted (rather than a box that includes the other curves too so that the viewer can tell immediately which curve we are referring to when it appears on screen).
Figure 10_negative G.tif - Authors – please provide a version of this figure with a negative portion of the G curve only is highlighted (rather than a box that includes the other curves too so that the viewer can tell immediately which curve we are referring to when it appears on screen).
Figure 10_negative Rn.tif - Authors – please provide a version of this figure with a negative portion of the Rn curve only is highlighted (rather than a box that includes the other curves too so that the viewer can tell immediately which curve we are referring to when it appears on screen).
Figure 10 positive G.tif - Authors – please provide a version of this figure with a positive portion of the G curve only is highlighted (rather than a box that includes the other curves too so that the viewer can tell immediately which curve we are referring to when it appears on screen).
Figure 10_positive Rn.tif - Authors – please provide a version of this figure with a positive portion of the Rn curve only is highlighted (rather than a box that includes the other curves too so that the viewer can tell immediately which curve we are referring to when it appears on screen).
Figure 11.tif

SCREEN Capture Data:
50666_Synder_SCREEN_2.4.1:  Screen capture movie as talent uploads the turnkey data logger program to the data logger and checks the data values for all sensors prior to tower setup.

50666_Synder_SCREEN_3.12.1:  Screen capture video as talent uses the turnkey data logger program to check the data values for all sensors in the field.
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, as well as an introduction to your videographer, closer to your filming date.
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