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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Actually, yes.  Many steps are performed by computer control.  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?  3.1, 4.1, 4.2, 4.3, 5.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 4.1, 5.1.3
E.  Will the filming need to take place in multiple locations? No 
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 experiment is to determine how past and future increases in atmospheric carbon dioxide affect grassland ecosystem productivity, water balance, and carbon cycling; the study includes monitoring the effect of carbon dioxide on different soil types. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Phil Fay: Our experiment can help answer key questions on the ecological impacts of climate change on grasslands, including their potential to help offset rising atmospheric CO2. 
1.2. Wayne Polley: The unique advantage of our approach lies in determining the impacts of CO2 increases since the industrial revolution, and whether these impacts will continue into the future. 

1.3. Lara Reichmann: Our approach relies on letting the plants create their own CO2 gradient, which has been used in our laboratory since we developed the approach the late-80s.  The experiment documented here is the third generation of our CO2 gradient experiments. 
Protocol (read by voice talent at JoVE):
2. Collecting Soil Monoliths
2.1. To collect soil monoliths, use an open-ended steel box that is 1 meter square and one meter deep.  The steel must be at least 8 mm thick. [2.1.1- LM]  A base will later be welded on. [2.1.2 - LM]

2.1.1. To be provided by author – box

2.1.2. To be provided by author – box edge

2.2. Press the box down into the desired soil using a hydraulic press secured to the soil by three meter deep helical anchors. [LM] [2 takes for different meanings of the phrase “3 meter deep helical anchors”]
2.2.1. To be provided by author – pull-P~1
2.3. After pressing the box into the soil, [2.3.1 – LM] excavate the surrounding soil with a backhoe, [2.3.2.- LM] cut the monolith base free from the soil below, [2.3.3 – LM] and remove the monolith. [2.3.4 - LM]

2.3.1. To be provided by author – alt. lycog

2.3.2. To be provided by author – backhoe 2

2.3.3. To be provided by author – removal BOXTOT slicer op
2.3.4. To be provided by author – removal BOXTOT

2.4. Place a fiberglass wick against the soil at the base of the box. [2.4.1 - LM] The wick drains into a 10 liter reservoir attached to the base of the steel box, shown here already welded in place.
2.4.1. To be provided by author – lycogwicks
2.4.2. To be provided by author – Video image of 10 L reservoir attached to steel base
Videographer: if access to the reservoir can be visualized, collect a WID shot for 2.4.2 showing where it is in relation to the completed monolith chambers.  Zooming in may be needed if the access point is small.
2.5. The reservoir collects water that may drain through the monolith during the experiment. [2.4.2- LM] and also provides a means to sample the water for chemical analyses. [WID/MED]
2.5.1. talent takes a water sample from a reservoir
2.6. Once the wick is in place, weld the steel base to bottom of the box. [LM]
2.6.1. To be provided by author – image needed of box in place with bottom welded on 

3. Establishing Plant Communities on Soil Monoliths
3.1. Kill the existing vegetation on the monoliths with a non-residual herbicide [3.1.1 - WID], like glyphosate. [3.1.2 – CU]
3.1.1. preparing the herbicide mixture for use

3.1.2. the herbicide

3.2. Plant the species to be studied in the monoliths at densities appropriate to your study species. If necessary, kill pre-existing vegetation on the monoliths with a non-residual herbicide like glyphosate [GLY-pho-sate]. For tallgrass prairie species, 56 plants over the square meter is suitable; eight seedlings of seven species [3.2.1 – MED] [3.2.2 - CU] Arrange the species in a Latin square pattern, using a unique randomization for each monolith. [3.2.3 – LM]

3.2.1. mock up planting seeds on “monolith”

3.2.2. detail of how deep seeds are planted showing spacing

3.2.3. To be provided by author – growth
3.3. Grass species used here include side-oats grama… [CU/TEXT]

3.3.1. TEXT: Bouteloua curtipendula

Videographer: for this and the next six shots, collect images of the named plants. If the plant doesn't present itself unambiguously, then the authors should provide an image to substitute the footage.  Make notes in the script please. [Video was shot for all species except Tridens albescens, 3.6.1, for which we have a still.]
3.4.  … little bluestem… [CU/TEXT]

3.4.1. TEXT: Schizachyrium scoparium
3.5. … Indiangrass… [CU/TEXT]

3.5.1. TEXT: Sorghastrum nutans
3.6. … and white tridens. [CU/TEXT] 
3.6.1. TEXT: Tridens albescens still image  Please note, the image needs to be accompanied by a credit to Kurt Schaefer, www.opsu.edu
3.7. Forb species used were pitcher sage… [CU/TEXT] 
3.7.1. TEXT: Salvia azurea
3.8. … Canada goldenrod… [CU/TEXT] 
3.8.1. TEXT: Solidago canadensis
3.9. … and Illinois bundleflower, a legume. [CU/TEXT] 
3.9.1. TEXT: Desmanthus illinoensis

AUTHORS: for the above list of plants, it could be easier for us to use stills, but I have also asked to the videographer to take video of each plant, if possible.
3.10. [Added] Use drip or aerial irrigation to keep the plants well-watered during establishment. The goal is to minimize water stress while the plants are establishing. Water in amounts and frequencies appropriate to the study species.  
3.10.1. [Added] Provided by author – re-use 3.2.1, which also shows irrigation lines.
3.10.2. [Added] Provided by author - Further along in establishment.

3.11. Continue watering the plants to minimize water stress until the plants are established, approximately two months for grasses and forbs. [3.10.1 - MED] [3.10.2 - LM]

3.11.1. monolith with young plants being watered

3.11.2. To be provided by author – an image of the plants in a monolith alone isn't really going to jive here.  We need the act of watering to be shown.  

3.12. After the plant establishment phase, maintain the plants under ambient rainfall until the chamber construction is complete. [3.11.1 – LM] The water required for establishment will depend on the species to be studied.   [3.11.2 – LM]

3.12.1. To be provided by author – plants growing on monolith, outside of chamber

3.12.2. To be provided by author – as above, alternate image

3.13. Weed the monoliths by hand, as needed, to maintain the desired species composition. [CU]

3.13.1. talent weeding a monolith, mock up as needed
4. Monolith Chambers 
4.1. The monolith chambers are fitted into trenches that are about 7 meters wide, 1.5 meters deep, and 60 meters long.  Each trench fits two chambers and each chamber fits ten interconnected sections. [LM]

4.1.1. To be provided by author – option 1

4.2. In each trench, fit ten containers made of heavy steel with one meter between each container. [LM/TEXT – 4.2.1] These form the base of each section, and each will hold four monoliths. [LM – 4.2.3]

4.2.1. To be provided by author – option 2, lycog, TEXT: 1.2 m x 1.5 m x 5 m

4.2.2. To be provided by author – option 3

4.3. Join the adjacent sections with sheet metal ducts to provide a pathway for airflow.[LM/TEXT]

4.3.1. To be provided by author – 4.3 image 1, TEXT: 1 m x 1 m x 0.3 m

4.4. Install a cooling coil inside each duct [LM]. The coil is supplied with 10 degree Celsius water from a 161 kiloWatt refrigeration unit. The flow of chilled water to each coil is regulated by a control valve that responds to chamber air temperature. 
4.4.1. To be provided by author – 4.4 image 1, zoom into metal box, TEXT: 161.4 kiloWatt refrigeration unit, 10 ºC water VIDEO: 4.4.1c: cooling coil, 4.4.1a: refrigeration unit; 4.4.1b: control valve.
4.5. Place four 4,540-kg capacity scales in each 5 meter section container. [4.5.1 - LM] Onto each scale, place a monolith with established prairie plants. [4.5.2 – LM] Each chamber should contain monoliths from two soil types, in random order within the chamber. [4.5.3 - LM] 
4.5.1. To be provided by author – 4.5 image 1

4.5.2. To be provided by author – image of monolith being lowered onto scale in chamber  line 4.5.2 placing monolith….tiff
4.5.3. To be provided by author – 4.6 option 1, just the three soil types
4.6. Randomize the pairings in each chamber. Include sandy loam in the pairings of every other section. [LM]

4.6.1. To be provided by author – 4.6 option 2

4.7. To complete the chamber, cover each section with 0.15-millimeter greenhouse film ... [WID]

4.7.1. applying a cover to a chamber

4.8. … which is commonly used in climate manipulation experiments.  [WID]

4.8.1. completing operation of covering a chamber in plastic

4.9. To access the plants as needed, install zippered openings with draft flaps on the covers. [MED]

4.9.1. demonstrating access to plants by opening and closing zippered flap

4.10. Keep the vegetation covered throughout the growing season, [4.10.1 - WID] as long as the photosynthetic capacity of the vegetation is enough to maintain the CO2 gradient. [4.10.2 - WID]

4.10.0. [added] The cover can be removed when needed for sampling or maintenance
4.10.1. Long panning shot of the enclosed vegetation

4.10.2. talent investigating vegetation, another long pan
5. CO2 and Air Temperature Control
5.1. Sample the air at the entry [5.1.1 - MED] and exit of each chamber, every twenty minutes. [5.1.2 – MED]

5.1.1. air entry point to chamber

5.1.2. air exit point from chamber

5.2. Route the air through filtered air lines to infrared gas analyzers, which immediately measure the CO2 concentration. [MED]

5.2.1. pan along the gas line to device that measures CO2 content of air between chambers

5.3. Similarly, measure the water vapor every 20 minutes. [CU]

5.3.1. detail of device measuring CO2 and water vapor

5.4. Also, for each section, use shielded, fine wire thermocouples, [5.4.1 - CU] to measure the ambient temperature, every 20 minutes, at the air entry, [5.4.2 – MED] the section midpoint and at the air exit. [5.4.3 – MED]

5.4.1. detail of thermocouples

5.4.2. [combined with 5.4.1] installing or adjusting thermocouple at entry

5.4.3. installing or adjusting thermocouple at midpoint

5.5. Using the sampled temperature data, [5.5.1 - MED] regulate the cooling coils to maintain a consistent mid-section ambient air temperature that is consistent between sections. [5.5.2 – SCREEN]

5.5.1. talent looking over data on computer

5.5.2. To be provided by authors – SCREEN CAPTURE of the 20 minute data, scroll through a bunch of data shown as charts
5.6. Lastly, measure the photosynthetic photon flux density [5.6.1 – WID] incident on the chamber using a quantum sensor. [5.6.1 – CU]

5.6.1. talent checking the quantum sensor on chamber

5.6.2. [new 5.6.1] detail of sensor placed on chamber
6. Atmospheric CO2 (CA) Treatment and Precipitation Input
6.1. Ambient air is pulled into the super-ambient chamber by the fans at the chamber entrance. [WID/MED]

6.1.1. starting wide, zoom into the chamber to show the fans in operation that add ambient air  a: daytime, b: night
6.2. Use a mass flow controller to inject pure CO2 into the chamber [6.2.1 - MED] and maintain the concentration at 500 microliters per liter of air. [6.2.2 - SCREEN]

6.2.1. a: the tank supplying pure CO2. b: the CO2 injector. c: injector readout. 
6.2.2. To be provided by author – SCREEN CAPTURE of viewing charts showing 500 µL CO2 / L
6.3. Also, regulate the speed of the fans to achieve a CO2 level of 390 microliters per Liter of air exiting the chamber.  Use the CO2 and photosynthetic photon flux density measurements to maintain this parameter.  [SCREEN]

6.3.1. To be provided by authors - SCREEN CAPTURE showing the regulation of fan speed and correlation of photon flux for super-ambient chamber
6.4. Wayne Polley: Control of blower speed is the most critical aspect of maintaining the prescribed CO2 gradient. [WID]

6.4.1. interview with Wayne, at computer that monitors the chambers

6.5. For the sub-ambient chamber, introduce ambient air and regulate the fan speed to achieve an exiting CO2 level of 250 microliters per Liter. [LM]

6.5.1. To be provided by authors - SCREEN CAPTURE showing the regulation of fan speed and correlation of photon flux for sub-ambient chamber
6.6. During the night hours, reverse the air flow through both chambers, [6.6.1 – MED] and set the gas injection and fans to meet the following parameters... [6.6.2 – SCREEN]

6.6.1. talent working at computer

6.6.2. To be provided by authors – SCREEN CAPTURE of air flow directional control
6.7. In the super-ambient chamber, enrich the incoming air to 530 microliters of CO2 per Liter and regulate the flow so that the air exits at 640 microliters of CO2 per Liter. [LM]

6.7.1. To be provided by authors - SCREEN CAPTURE of inputting the above settings
6.8. In the sub-ambient chamber, adjust the air so CO2 levels are 390 microliters per Liter at the entry and 530 microliters per Liter at the exit. [LM]

6.8.1. To be provided by authors - SCREEN CAPTURE of inputting the above settings

6.9. For precipitation, apply the mean growing season rainfall to each monolith. [6.9.1 - LM]  Use a drip irrigation system from a local water source [6.9.2 - WID] to approximate the seasonal rainfall pattern.  [6.9.3 - MED]
6.9.1. To be provided by authors - SCREEN CAPTURE of using local data to set water application Video- talent at computer programming irrigation
6.9.2. broad view of drip irrigation on one section, pan along it

6.9.3. detail of water dripping from irrigator in one section

6.10. Measure water applications using a digital flow meter. [CU]

6.10.1. detail of a flow meter installation

6.11. Phil Fay: The plants must watered enough to avoid severe drought stress so that photosynthetic rates remain adequate to create and maintain the CO2 gradient.  This can be aided by including monoliths planted with ‘sink plants’ with high photosynthetic rates among the experimental monoliths. [WID]

6.11.1. interview with Phil, near computer control of chambers
7. Results: Seven Year Study
7.1. Over seven years of operation, chambers of prairie grass monoliths were maintained at a linear atmospheric CO2 concentration, or CA, with only small discontinuities.  Apart from one section, temperature and vapor pressure deficit also remained constant.

7.1.1. Fig 2

7.2. Measured in the top 20 cm of soil, volumetric soil water content varied linearly along the CA gradient on two of the three soils in the study.  Only in the silty clay soil was there no change in this parameter.

7.2.1. Fig 3

7.3. Plant productivity was measured using the aboveground net primary productivity metric.  This varied linearly with CA on all of the soils.   The lowest response to CA occurred with the clay soil and the greatest response was seen with sandy loam.

7.3.1. Fig 4A

7.4. The mesic C4-tallgrass, Sorghastrum nutans (sore-GAST-rum NOO-tan), was the most abundant plant in the experiment.  It was most strongly affected by CA​ on the sandy loam and only marginally affected by CA​ on the clay soil.

7.4.1. Fig 4B

7.5. The xeric C4-midgrass, Bouteloua curtipendula (boot-eh-LOU-a curt-i-PEN-dula), was the next most abundant species, overall, and, on silty-clay soil, in sub-ambient CA, it was the most abundant.  Its productivity was most affected by CA on silty clay and least affected by CA on clay.

7.5.1. Fig 4C
8. Conclusion (said by authors on camera)
8.1. Wayne Polley: After watching this video, you should have a good understanding of how to establish and maintain experimental vegetation to create a CO2 concentration gradient, of the critical parameters that must be measured to control the gradient, and of the importance of avoiding severe drought stress so that plant maintain adequate photosynthetic capacity.
8.2. Wayne Polley: The facility requires approximately two years to construct, but provides the capacity for decade-long studies of plant responses to past and future increases in atmospheric CO2.
8.3. Phil Fay : Such long-term studies are necessary to understand how rising atmospheric CO2 may affect grassland carbon cycling. 
8.4. Lara Reichmann: This approach can be applied to any plant species that will fit into the chamber when mature.
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.  

line 2.1.1 IMAGE006.tiff

line 2.1.2 IMAGE007.tiff

line 2.2.1 PULL-P~1.tiff

line 2.3.1 alternative lycog_01.tiff

line 2.3.2 excavate backhoe DSCF0051.tiff

line 2.3.3 Slicer-op004.tiff

line 2.3.4 removal BOXTOT~2.tiff

line 2.4.1 lycogwicks_24.tiff

line 3.10.2 030909_12.tiff

line 3.12.1 030909_15.tiff

line 3.12.2 030909_16.tiff

line 3.2.1 030627_02.tiff

line 3.6.1 talbens K Schaefer OPSU.edu.tiff
line 4.1.1 PIC00019.tiff

line 4.2 031028_7.tiff

line 4.2.1 option 2 lycog_14.tiff

line 4.2.2 option 3 PIC00027.tiff

line 4.3.1 030718_9.tiff

line 4.4.1 coils4.tiff

line 4.5.1 040330_18.tiff

line 4.5.2 placing monolith lycog march 06_043.tiff

line 4.5.3 option 1 tunnel schematic figure 1 v2.pdf
line 4.6.1 option 2 Tunnel schematic figure 1.pdf
Insert your media filenames here.  This will include all the photos and supplementarty video you provide, including the figure panel images for the results section.
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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