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Author Questionnaire

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.  
If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position


To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)


Current Protocol Length
Number of Steps: 18
Number of Shots: 30 (17 SC) 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer up to 2 introduction and up to 3 conclusion questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Answer in full sentences, the questions will not be displayed in the video. 
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

INTRODUCTION:

What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What questions will future research focus on?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Setting Up the Robot and Conducting LIFT Measurements
Demonstrator: Click here to enter name of demonstrator(s) 

2.1. To begin, install the camera tripod next to the experimental field [1]. Place the PPFR sensor on top of the tripod [2], and set the data logger and power bank on the ground below the tripod [3].
2.1.1. WIDE: Talent setting up a camera tripod at the edge of the experimental field.
2.1.2. Talent mounting the PPFR sensor securely on top of the tripod.
2.1.3. Talent placing or pointing to the data logger and power bank side by side on the ground below the tripod.

2.2. Now, mount the LIFT (lift) sensor assembly on the front of the robot, positioning it at a height of approximately 60 centimeters above the crop canopy [1].
2.2.1. Talent aligning and securing the LIFT sensor assembly onto the front panel of the robot at the specified height.

2.3. Place the laptop computer, car battery, and power inverter on top of the robot [1]. Connect the power inverter to the car battery [2], then connect the inverter to the LIFT sensor assembly [3].
2.3.1. Talent pointing to the laptop, car battery, and inverter securely on the robot's top platform.
2.3.2. Talent connecting the power inverter input cables to the car battery terminals.
2.3.3. Talent plugging the LIFT sensor assembly cable into the output port of the power inverter.

2.4. Next, position the GNSS antenna kit on top of the robot [1], connect the antenna kit to the laptop computer [2], and start the GNSS logger desktop client and adjust the desired settings [3-TXT].
2.4.1. Talent placing the GNSS antenna kit flat on top of the robot.
2.4.2. Talent plugging in the antenna cable into the laptop.
2.4.3. SCREEN: Show the GNSS logger desktop client interface being opened and activated on the laptop. TXT: Do not look directly into the excitation beam
[bookmark: _Hlk162020732][bookmark: _Hlk203170338]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible : https://review.jove.com/account/file-uploader?src=21206698 
Also, please let us know if any of the screen capture shots are not performed on the computer and need to be filmed directly by the videographer. We can modify the shots accordingly. 
2.5. The quantity directly measured by the LIFT sensor is the chlorophyll fluorescence yield, which is the increase in total chlorophyll fluorescence due to the excitation beam for each flashlet [1]. To calculate the quantum efficiency of the photosystem II (2), use the given formula [2]. The total duration of one chlorophyll fluorescence measurement, including the relaxation phase, is around 21 milliseconds, with the 300 flashlet excitation phase lasting only 750 microseconds [3].
2.5.1. SCREEN: Visualize the excitation pattern and increase in chlorophyll fluorescence signal per flashlet in the LIFT sensor software.
2.5.2. TEXT ON PLAIN BACKGROUND:
Fq′/Fm′ = (Fm’ - Fo’) / Fm’ 
Where, Fo’: The ChlF yield of the 1st flashlet
Fm’: The average of the ChlF yields of the 301st and the 302nd  flashlets

2.5.3. SCREEN: Highlight the data showing the 750 microsecond excitation phase and the complete 21 millisecond measurement cycle.

2.6. Next, manually drive the robot to the beginning of the first row of plots in the experimental field using the remote controller [1].
2.6.1. Talent guiding the robot forward with the remote controller toward the first plot row.

2.7. Activate the measuring script for both the LIFT sensor and the spectrometer in continuous mode [1].
2.7.1. SCREEN: Show the desktop interface where the measuring script is launched, and continuous mode is selected for both devices.

2.8. Start the autonomous robot navigation at a velocity of 0.5 meters per second using the robot control website [1].
2.8.1. SCREEN: Show the robot control website interface, with the speed set to 0.5 meters per second and the start command executed.

2.9. During measurement, periodically check the plot representing the chlorophyll fluorescence yield over time in the LIFT sensor desktop client to confirm the expected shape [1]. If signals appear too weak, adjust the sensor gain accordingly [2].
2.9.1. SCREEN: Display the real-time chlorophyll fluorescence yield plot within the LIFT sensor software interface.
2.9.2. SCREEN: Show the gain adjustment panel in the interface, with talent increasing the gain slider.

2.10. Periodically hold the white reference panel under the excitation beam at the height of the crop canopy while the robot is turning at the field border [1].
2.10.1. Talent placing the white reference panel directly under the excitation beam while standing beside the turning robot.




3. Data Integration and Preprocessing
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Use the data.table (data table) package in R to read in the LIFT transient and spectral data from all files ending in _data.csv (data-C-S-V) and _spectral.csv (spectral-C-S-V) [1].
3.1.1. SCREEN: Display the R console with the script reading multiple *_data.csv and *_spectral.csv files using the data.table package.

3.2. Read in the GNSS data, weather data, the .geojson (geo-J-son) plot maps, and the experimental design file [1].
3.2.1. SCREEN: Show all the corresponding data files being imported into R, including visual confirmation of .geojson maps and experimental layout.

3.3. Extract the the quantum efficiency of the photosystem II (2) ratio from each recorded LIFT transient [1].
3.3.1. SCREEN: Show the R script parsing LIFT transient data and extracting Fq′/Fm′ from each record.

3.4. Then, determine the robot's heading based on consecutive GNSS positions [1]. Merge the GNSS data with the experimental design using the assigned plot identifiers to associate spatial locations with treatment and replication information [2].
3.4.1. SCREEN: Display a GNSS dataset with sequential positions used to calculate robot heading.
3.4.2. SCREEN: Show a merged dataset linking GNSS coordinates to plot identifiers, treatment types, and block designations.

3.5. Filter the white reference measurements from the spectral reflectance dataset [1] and merge these measurements with the PPFR data using timestamps to create a lookup table that links spectral reflectance to different incident light intensities [2].
3.5.1. SCREEN: Display filtered rows from the spectral dataset showing only white reference entries.
3.5.2. SCREEN: Show the creation of a timestamp-aligned lookup table combining spectral reflectance and PPFR data.

3.6. Now, apply corrections to the raw spectral reflectance data using the generated lookup table [1].
3.6.1. SCREEN: Display the spectral dataset before and after correction based on the lookup values.

3.7. Extract genotype-specific photosynthetic response trends from the outlier-filtered chlorophyll fluorescence dataset with the model [1].
3.7.1. TEXT ON PLAIN BACKGROUND:
Fq′/Fm′ = β₀ + β₁ Date + β₂ (Heading × Hour) + β₃ (Genotype × PPFR) + β₄ MTCI + β₅ PPFR + ε

3.8. Estimate the slope of the genotype-by-PPFR interaction term using the emtrends (E-M-trends) function in R to quantify genotype-specific irradiance response [1]. The model includes MTCI to account for variations in chlorophyll content and canopy structure [2].
3.8.1. SCREEN: Show the R script running emtrends with a focus on the β₃ slope term for Genotype × PPFR.
3.8.2. SCREEN: Highlight the summary output of the model, with slope estimates linked to each genotype.


3.8.3. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 125.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. The georeferenced dataset revealed strong spatial patterns in both quantum efficiency of photosystem II (2) [1] and normalized difference vegetation index (NDVI) across the experimental fields [2].
4.1.1. LAB MEDIA: Figure 2. Video editor: Zoom in on the top panel showing  Fq′/Fm′ values
4.1.2. LAB MEDIA: Figure 2. Video editor: Zoom in on the bottom panel showing NDVI 

4.2. These spatial patterns were partially explained by the heading direction of the field robot during measurements [1].
4.2.1. LAB MEDIA: Figure 3. 

4.3. Linear mixed-effects modeling of quantum efficiency of photosystem II responses to incident photosynthetic photon flux rate or PPFR accounted for substantial variance in the dataset [1].
4.3.1. LAB MEDIA: Figure 4A. 

4.4. The extracted genotype-specific slopes showed clear differences among breeding lines [1], with several lines exhibiting steeper or flatter response curves compared to the panel average [2].
4.4.1. LAB MEDIA: Figure 4B. Video editor: Highlight the colored dots in both top and bottom panels 
4.4.2. LAB MEDIA: Figure 4C. Video editor: Show the colored lines in the middle

4.5. Three-dimensional canopy reconstructions using the MASt3R (mas-T-3-R) algorithm showed the potential of integrating physiological and structural phenotyping [1].
4.5.1. LAB MEDIA: Figure 5. Video editor: Highlight B and C

[bookmark: _Hlk210168181][bookmark: _Hlk203169093]NOTE to Authors: 
1. It's better if you upload each screen recording after naming each file according to the corresponding shot number (3-digit bullet, e.g, 2.2.1.mp4, 2.1.3.mp4, etc). 
Each clip’s duration should be less than 25 seconds. 

2. But if you prefer to record all the steps together and upload a single screen capture file, that is okay.
In this case, you need to indicate the corresponding timestamp against each shot.
For example if the action described in shot 2.1.2 is present in the file name xxx.mp4 and is in between timestamp 00:30 to 00:45 then write as following in script above (shown in red font below). 
Example, shot 2.1.2 SCREEN: performing ........... action.   xxx.mp4 00:30-00:45.
                        2.2.2 SCREEN: clicking on.................button... xxx.mp4 01:00-01:25

Please note that every shot (3-digit step) should have the best corresponding video clip of only 20 to 25 seconds and not more than that, so that the voice narration can match the duration.

If a particular shot takes minutes to complete, we can choose timestamps at the beginning and end of the process so that the total time is again within the 25-second limit.
Example: 3.1.1 SCREEN: Clicking on the 'analyze and plot' button, analysis in progress and the graph being plotted.  xxx.mp4 00:00-00:10 and 02:30-02:40
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