Submission ID #: 53273
Editor Name: Brigid Stadinski
Videographer name: Jens Tomat
Film Date: 10/27/2015

Authors and Affiliations: 

Andreas Pacholski1

1Institute of Ecology, Assoc. Institute of Environmental and Sustainable Chemistry, Leuphana University, Lueneburg, Germany

Title: Calibrated passive sampling - Multi-plot field measurements of NH3 emissions with a combination of Dynamic Tube Method and passive samplers

Corresponding Author: 
Andreas Pacholski
Pacholski@leuphana.de



Co-authors:


A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. _____3.4, 3.5, 3.9, 3.10+3.11, 4.1- 4.2, 3.5.6_____________________________________
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 to be filmed by their protocol numbers. (Please do not list an entire section.) __3.10+3.11 (keep strictly to the description), 4.1+4.2 (staff of 2 persons)____________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations?

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 simple field/in situ method is to quantify ammonia emissions from replicate plots in multi-plot field trials facilitating statistical testing and identification of treatment effects. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Andreas Pacholski: This method can help answer key questions in the agronomic and agro-ecological field, such as nitrogen emission quantification and abatement, fertilizer efficiency, and environmental assessment [1.1.1 – MED]. 
1.1.1. Andreas speaks toward camera, interview style.
1.2. Andreas Pacholski: The main advantage of this technique is that it allows in situ quantification of ammonia emissions in multi-plot field trials independent of electrical power [1.2.1 – MED].  
1.2.1. Andreas speaks toward camera, interview style.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Andreas Pacholski: [1.3.1 – MED] I will be demonstrating this procedure with Christian Wagner, a master student from my laboratory [1.3.2 – MED]. 
1.3.1. Interview style: Author saying the above 
1.3.2. Christian looks up from field and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Experimental design and general operational instructions
2.1. Use comparatively large plots as compared to the sizes usually applied in replicated field trials to avoid effects of uneven fertilizer distribution on ammonia emissions [2.1.1 – WIDE – TXT]. 
2.1.1. Talent in the field places markers to define the plots.  TEXT Overlay: 12 m x 12 m or 9 m x 9m
2.2. Use square plot shapes to avoid effects of shifting wind directions on ammonia uptake by the samplers [2.2.1 – LM].  Reduce drift of Ammonia from one plot to the other by keeping a buffer area of 1 plot size between plots [2.2.2 – LM]. 
2.2.1. Fig. 2 tif – Editors, please start zoomed into the square in the top left of the figure.
2.2.2. Fig. 2 tif – Editors, please slowly zoom out to the whole figure 2.
2.3. Select two treatment plots and one control plot for simultaneous measurement with the dynamic tube method, or DTM, and passive sampler.  Choose treatment plots with putatively high emissions giving a strong measurement signal [2.3.1 – MED-over the shoulder BROLL – TXT].
2.3.1. (BROLL, shot in 3 takes) Lab notebook with a schematic of the treatment plots as talent labels 2 as treatment plots and one as the control plot for both DTM and passive sampler.  TEXT Overlay: based on experience or literature
3. Procedure for measurement with DTM
3.1. Following preparations as detailed in the text protocol, control measurement is made with the DTM on unfertilized control plots at the beginning and the end of each measurement date following a control, treatment, control sequence [3.1.1 – BROLL].
3.1.1. (BROLL, shot in 2 takes) Footage of field with plots of land labeled.
3.2. Measure over 3 to 6 days to obtain reliable ammonia loss measurements for the time span of a whole day by accounting for changing emissions due to varying temperatures and wind speeds [3.2.1 – BROLL].
3.2.1. Footage of weather station with sonic anemometer measuring wind speeds.
3.3. Make measurements at early morning [3.3.1 – LM]… late morning [3.3.2 – LM]… early afternoon [3.3.3 – LM]… late afternoon [3.3.4 – LM]… and shortly before sunset [3.3.5 – LM].
3.3.1. Early Morning Photo – Authors, please obtain this photo on the day of the shoot.  Editors, please start with a photo in each corner of the screen with the 5th photo partially overlapping the others in the center of the screen.  As each part of the day is narrated, have each photo enlarge to full screen and then shrink back to its place as the next time of day is narrated.  Note – if this visual doesn’t flow nicely, 3.1.1 and/or 3.2.1 BROLL can be used here.
3.3.2. Late Morning Photo – Authors, please obtain this photo on the day of the shoot.  Editors, please see instruction for 3.3.1.
3.3.3. Early Afternoon – Authors, please obtain this photo on the day of the shoot.  Editors, please see instruction for 3.3.1.
3.3.4. Late Afternoon – Authors, please obtain this photo on the day of the shoot.  Editors, please see instruction for 3.3.1.
3.3.5. Before Sunset – Authors, please obtain this photo on the day of the shoot.  Editors, please see instruction for 3.3.1.
3.4. To perform measurement, first rinse the DTM system with ammonia-free air by lifting the chambers to a height of about 1 meter above ground [3.4.1 – MED].  Then, pump air through the polytetrafluoroethylene (pronounced as pol-ee-te-truh-floo r-oh-eth-uh-leen”), or PTFE, tubing and chambers with the hand pump directly connected to the terminal PTFE tube of the chamber system [3.4.2 – CU – TXT].
3.4.1. Talent lifts the chambers to a height of about 1 m above ground.
3.4.2. Chamber, PTFE Tubing, and hand pump as talent pumps the hand pump.  TEXT Overlay: 20-30 strokes
3.5. Press the DTM chambers directly into the ground to a depth of about 15 millimeters as marked by a rim at the chamber bottom [3.5.1 – MED-over the shoulder].  Alternatively, press the DTM chambers into soil rings; make sure soil clods do not get lodged in between the soil ring and the chamber [3.5.2 – CU]. 
3.5.1. Talent presses the DTM chambers directly into the ground at a depth of 15 mm.
3.5.2. DTM/soil rings as talent presses the DTM chambers into the soil rings, making sure the soil clods do not get lodged in between the soil ring and the chamber.
3.6. Perform the first 20 preparatory pump strokes with a used low concentration indicator-tube to create quasi-steady-state conditions [3.6.1 – MED – TXT]. 
3.6.1. Talent performs preparatory pump strokes with a used low concentration indicator-tube.  TEXT Overlay: 0.25 – 3 ppm
3.7. Ammonia concentrations are indicated by a color change of the pH sensitive granules inside the tube from dark yellow to bluish purple and can be read as long as the color change is within a scale printed on the tube [3.7.1 – CU].
3.7.1. Color change scale printed on the tube as the pH sensitive granules change color.
3.8. Choose the concentration range of the new indicator tube to be applied in the next measurement based on the information obtained from the observed color change of the used tube [3.8.1 – MED-over the shoulder].
3.8.1. Talent chooses one of three possible tubes with distinct concentration ranges
3.9. Open a new indicator tube at both ends by breaking the heads off with the tube breaker installed on the pump case [3.9.1 – CU].
3.9.1. New indicator tube as talent opens at both ends by breaking the heads off with the tube breaker installed on the pump case.
3.10. Insert the indicator tube between the terminal PTFE tubing and the pump by pressing the tube ends into the PTFE tubing and the pump mouth [3.10.1 – MED-over the shoulder].  Insert the tube end with the lowest value on the scale printed on the tube into the PTFE tube, and the end with the highest value into the pump mouth [3.10.1 – CU BROLL]. 
3.10.1. (BROLL, in shots: MED&CU) Talent inserts the indicator tube between the terminal PTFE tubing and the pump by pressing the tube ends into the PTFE tubing and pump mouth.
3.10.2. Tube showing the scale as talent inserts the tube end with the lowest value on the scale printed on the tube into the PTFE tube, and the end with the highest value into the pump mouth.
3.11. Start pumping up to the default stroke number by pressing the OK button of the automated pump or compressing the hand pump [3.11.1 – MED-over the shoulder].  Keep the pause between pre-pumping with the used tube and beginning of the actual measurement as short as possible [3.11.2 – CU].
3.11.1. Talent starts pumping up to the default stroke number by compressing the hand pump. Continue action in next shot.
3.11.2. Tube as talent continues pre-pumping the tube and then stops. 
3.12. If a hand pump is used for measurements, start the stopwatch simultaneously with the first stroke of the hand pump [3.12.1 – MED-over the shoulder].
3.12.1. Talent starts the stopwatch and simultaneously pumps the first stroke of the hand pump.
3.13. Terminate the measurement when the standard stroke number is reached and the hand pump is fully relaxed [3.13.1 – CU – TXT]. With relaxation of hand pump, terminate stopwatch measurement [3.13.2 – MED-over the shoulder second half of 3.12.1. CU]. 
3.13.1. Pump showing that the standard stroke number is reached Talent using the hand pump.  TEXT Overlay: 10 strokes, or 5 strokes with tubes 2/a
3.13.2. (Use 2nd half of 3.12.1. here.) Talent terminates the stopwatch measurement.
3.14. Increase stroke number to a maximum of 50 strokes if the first line indication of the lowest value of the scale printed on the tube is not reached after the standard stroke number [3.14.1 – MED].  Use indicator tube readings only when at least the first line on the scale of an indicator tube is reached [3.14.2 – CU]. 
3.14.1. Talent increases the stroke number.
3.14.2. Scale on tube showing the first line on the scale is reached.
3.15. Read the farthest color change on the tube from all sides, as the line of coloring is often slightly slanted or uneven, and record concentration value [3.15.1 – ECU].
3.15.1. Reading on scale showing the line of coloring.
3.16. Note the plot, date, time of measurement, number of strokes, and reading in ppm on the record sheet [3.16.1 – MED-over the shoulder – TXT].
3.16.1. Record sheet as talent notes the plot, date, time of measurement, number of strokes, and reading in ppm.  TEXT Overlay: see Supplemental Code File - example field record sheet
3.17. Clean the rim of the chambers from sticking soil, manure or fertilizer components with a clean paper towel [3.17.1 – CU].  Then, lift the DTM system from the ground and flush as before [3.17.2 – MED-over the shoulder].
3.17.1. Chamber as talent cleans the rim of the chambers with a clean paper towel.
3.17.2. Talent lifts the DTM system from the ground and begins to flush it.
3.18. Make several measurements at different locations within a plot to increase the reliability of the measurements [3.18.1 – WIDE or MED – TXT].
3.18.1. Talent makes a measurement within the plot.  TEXT Overlay:  make > 2 measurements at different locations
4. Procedure for measurement with passive samplers
4.1. Place passive samplers fastened to the steel rods in the center of the experimental plot at 0.15 meter height above the soil or canopy surface immediately after application of fertilizer to a plot [4.1.1 – MED].
4.1.1. Talent approaches the center of the experimental plot and prepares to place the passive samplers at 0.15 meter height above the soil or canopy surface.
4.2. Hurry with the slurry/fertilizer application tractor/system to install the sampler without delay.  In case of dry soil, insert the steel rod  into the soil with a hammer [4.2.1 – CU].
4.2.1. Passive sampler as talent inserts the steel rod into the soil with a hammer.
4.3. Following placement of the passive samplers, walk to the passive sampler with a subdivided tray or bag with sorted filled acid vials for the first sampling interval [4.3.1 – WIDE – TXT].  Put on gloves before handling the vials with acid solution [4.3.2 – MED].
4.3.1. Talent walks with a subdivided tray or bag with sorted filled acid vials for the first sampling interval to the passive sampler.  TEXT Overlay:  see text for preparation of vials
4.3.2. Talent puts gloves on.
4.4. Take out the vial for the respective plot and sampling interval [4.4.1 – MED-over the shoulder].  Unscrew the bottle of the passive sampler, and pour the 0.05 Molar sulfuric acid solution from the vial into the mouth of the bottle [4.4.2 – CU].  Then, screw the lid of the vial back on and return it to the tray or bag [4.4.3 – MED].
4.4.1. Film as written.
4.4.2. Vial as talent unscrews the bottle of the passive sampler and pours the sulfuric acid from the vial into the mouth of the vial.
4.4.3. Film as written.
4.5. To remove the 0.05 Molar sulfuric acid solution from the passive sampler, carefully unscrew the passive sampler and cautiously route the solution between the 'windows' through the discharge hole into the empty original vial [4.5.1 – CU]. Re-fill the sampler through the bottle mouth with new 0.05 Molar sulfuric acid solution from the subsequent unused vial [4.5.2. – CU&MED].
4.5.1. Passive sampler as talent unscrews the passive sampler and cautiously routes the solution between the windows through the discharge hole into the empty original vial. 
4.5.2. [moved from 4.6.1] Film as written & how talent puts vial in bag
4.6. Screw the lids on both vials with correct labeling [4.6.1 – MED CU].  Fix the passive sampler to the rod by screwing it on the lid connected to the steel rod [4.6.2 – CU MED]. 
4.6.1. [moved to 4.5] Film as written.
4.6.2. [now 4.6.1] Film as written.
4.6.3. [now 4.6.2] Passive sampler as talent fixes it to the rod by screwing it on the lid connected to the steel rod.
4.7. Note plot number and filling-time on the record sheet.  Calculate the ammonia fluxes as described in the text protocol [4.7.1 – MED-over the shoulder].
4.7.1. Talent notes the plot number and filling time on the record sheet.
5. Results: Cumulative ammonia emissions and treatment effects on ammonia emissions from field applied slurries and synthetic nitrogen fertilizers 
5.1. The results of a field trial for testing the effects of several methods to reduce ammonia emissions after application of cattle slurry compared to application with trail hoses is shown, including incorporation with a rotary tiller, incorporation of acidified slurry and closed slot injection [5.1.1 – LM].  
5.1.1. Figure 6.tif.  Editors, please highlight each line and correlating label in the legend as narrated in the last segment of the sentence. (Blue line as “trail hoses” is narrated, red line as “incorporation with a rotary tiller” is narrated, green line as “incorporation of acidified slurry” is narrated, and purple line as “closed slot injection” is narrated.
5.2. The method yielded highly significant differences between ammonia emissions, with strongest loss reductions by application with closed slot injection or acidification with subsequent incorporation [5.2.1 – LM].  
5.2.1. Figure 6.tif.  Editors, please highlight the purple line in the plot as “closed slot injection” is narrated and the green line in the plot as “acidification with subsequent incorporation” is narrated. 
5.3. These plots depict the differences between cumulative ammonia emissions after application of different urea fertilizers with and without addition of urease and nitrification inhibitors [5.3.1 – LM].  
5.3.1. Fig. 7 tif
5.4. Ammonia emissions were strongly reduced by use of urease inhibitors independent of the use of nitrification inhibitors [5.4.1 – LM].  Urea only, combined with nitrification inhibitors, showed the highest emissions [5.4.2 – LM]. 
5.4.1. Fig. 7 tif.  Editors, please highlight the bars labeled U+UI.
5.4.2. Fig. 7 tif.  Editors, please highlight the bars labeled U+NI.
5.5. The demonstrated method captures the strong effects of weather conditions on ammonia emissions from urea fertilizers and calcium ammonia nitrate as reflected in varying time courses and emission levels at different application dates [5.5.1 – LM]. 
5.5.1. Fig. 8 tif
5.6. Low temperatures and rain fall strongly reduced the emissions while high temperatures increased the velocity of the emission process [5.6.1 – LM]. 
5.6.1. Fig. 8 tif.  Editors, as “low temperatures and rain fall” is narrated, please place a highlighted rectangle that covers both the top and bottom plot in between the April and May labels.  Then do the same centering the Jun label in the rectangle (rectangle of the same width) as “while high temperatures increased the velocity of the emission process” is narrated.
5.7. The effect of varying ammonia emissions on winter wheat grain Nitrogen uptake, which can only be demonstrated in multi-plot field trials, is shown.  Grain Nitrogen uptake linearly decreased with ammonia emissions [5.7.1 – LM]. 
5.7.1. Fig. 9 tif

6. Conclusion (said by authors on camera)

6.1. Andreas Pacholski: After watching this video, you should have a good understanding of how to quantify ammonia emissions in multi-plot field trials [6.1.1 – MED].
6.1.1. [bookmark: _GoBack]Andreas speaks toward camera, interview style.
6.2. Andreas Pacholski: Once mastered, this technique can be done in 1 to 2 hours for each sampling date if it is performed properly, depending on the number of plots applied.  Overall measurement campaigns may last for several weeks depending on conditions and fertilizer type [6.2.1 – MED].
6.2.1. Andreas speaks toward camera, interview style.
6.3. Andreas Pacholski: While attempting this procedure, it’s important to remember to keep strictly to the recommended procedure, number and timing of chamber measurements and exchanges of sampler solution [6.3.1 – MED].
6.3.1. Andreas speaks toward camera, interview style.
6.4. Andreas Pacholski: Don't forget that working with diluted sulfphuric acid can be hazardous and precautions such as wearing of gloves and laboratory glasses should be taken while performing this procedure [6.4.1 – MED].   
6.4.1. Andreas speaks toward camera, interview style.
6.5. Andreas Pacholski: I first had the idea for this method, when I was developing an experimental design for testing the effect of field application of residues of anaerobic digestion on ammonia emissions compared to conventional organic fertilizers, such as pig or cattle slurry [6.5.1 – MED].
6.5.1. Andreas speaks toward camera, interview style.
6.6. Andreas Pacholski: After its development, this technique paved the way for researchers in the field of agronomy and agro-ecology to explore the effects of ammonia emissions in fertilized fields and grasslands [6.6.1 – MED].
6.6.1. Andreas speaks toward camera, interview style.
6.7. Andreas Pacholski: Generally, individuals new to this method will struggle because the application of the validated chamber method involved in this method deviates from the application of other chamber or wind tunnel techniques in agro-ecological research [6.7.1 – MED].
6.7.1. Andreas speaks toward camera, interview style.
6.8. Andreas Pacholski: Following this procedure, other methods like chamber greenhouse gas measurements, soil sampling or plant sampling can be performed in order to answer additional questions, like overall environmental effects or agronomic efficiency and sustainability [6.8.1 – MED].
6.8.1. Andreas 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.

Fig. 2.tif
Early Morning Photo – Authors, please obtain this photo on the day of the shoot.  
Late Morning Photo – Authors, please obtain this photo on the day of the shoot.  
Early Afternoon – Authors, please obtain this photo on the day of the shoot.  
Late Afternoon – Authors, please obtain this photo on the day of the shoot. 

Before Sunset – Authors, please obtain this photo on the day of the shoot.  

Fig. 6.tif

Fig. 7.tif

Fig. 8.tif

Fig. 9.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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