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1  Introduction  

The project explored the construction and usages of the so -called parbars, cheap 

ceptometers sensors to measure light intercepted by the canopies. The construction of 

the parbars was originally described by Salter et al. (2019) 1.  

1.1  Project activities  

We can divide the activities in three WP: building the parbars, usage in the field, data 

analysis.  

1.1.1  Work package 1: Building the parbars  

The original proposal aimed at building at least 4 parbars, in the context of the project 

several se ts of parbars were built. Here we briefly describe the different sets.  

1.1.1.1  Set 1 -  OneCue systems  

The first batch of parbars were built for the project by OneCue  systems. The first set 

consisted of 6 parbars for the project. The description of the parbars and the instruction 

manual produced are reported in the appendix. The technical design and the electronics 

of the OneCue Systems parbars (set 1 and 2, see append ix) has been designed by 

Arthur Rep. The major change with respect to Set 2 and the original design by Salter et 

al. (2019) was the use photodiodes from OSRAM SFH 2240.  

 

Figure 1: Spectral response of the OSRAM SHF 2240 which is als o in the range 400 -

700 as the original one used by Salter et al. (2019).  

1.1.1.2  Set 2 -  QING  

The proposal of the parbars caught the attention also of NPEC ða large phenotyping 

facility at WUR ð who before the project started ordered 6 parbars through a different 

company (QING). Once the project started we joined forces between this project and 

NPEC to calibrate the parbars and prepare a logger to record the output and store it in 

the NPEC servers. In the context of this project we calibrated the parbars against a 

reference LICOR and prepared a logger to log the signal from the six parbars, process it 

and store it in the NPEC servers (see Appendix).  

1.1.1.3  Set 2 -  OneCue systems  

The major difference with set 1 is that this time the photodiodes has been automatically 

mounte d on a PCB, instead of being soldered on two wires. This is a procedure that we 

believe will greatly diminish the risk of errors in the building of future parbars and also 

the time to build them.  

 

1 Salter et al. (2019) PARbars: Cheap, Easy to Build Ceptometers for 

Continuous Measurement of Light Interception in Plant Canopies . DOI:  

10.3791/59447   
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1.1.1.4  Parbars holders  

A major source of error in using light cept ometers come from not holding the 

ceptometer parallel to the ground. As planned in the proposal we collaborated with 

Tupola (as originally conceived in the proposal) to build some parbars holder that have 

the following characteristics: are sturdy enough to  be hammered into the ground, the 

position of the holder can be adjusted so that the parbars can be hold on top of the 

canopy or at the bottom of the canopy (depending whether the bottom of the canopy 

radiation or the top of the canopy radiation is require d).  

 

1.1.1.5  Data logging  

Data logging is also an important part of the parbars. Here we tested three different 

logging strategies that respond to different usage contexts.  

Sigfox - PARBARS in a commercial field 

The adoption of parbars on a larger scale, for exa mple the adoption from farmers to 

facilitate crop monitoring require the adoption of a data logging system that is powered 

by batteries or solar power, long lasting (so that the Parbar can be installed in the field 

at the beginning of the season and remove d at the end of the season) and remote so 

that the data are automatically uploaded to cloud, without the need to visit the field. The 

solution that we realized with together with OneCue systems was the use of Sigfox a 

cheap  wireless networks  that allows low -power objects  to transmit data to the cloud. 

The coverage of Sigfox is excellent in the Netherlands and Europe in general and 

expanding in the rest of the world ( Figure 2). Moreover Sigfox transmitter are already 

embedded in Arduino microcontrollers, so it was possible for us to connect each Parbar 

to an Arduino Mkrfox 1200 to log the data from the parbars onto the cloud. The data can 

then be pushed from the Sigfox server to a database using a back call mechanisms that 

transmit the new data as they become available. More details are provided in the 

Appendix manual.  

 

Figure 2: Coverage of Sigfox 0G network. Light blue indicate current live coverage 
whereas purple indicate the areas under roll -out (source: 
https://www.sigfox.com/en/coverage , visited February 21 st  2022).  

 

Greenhouse 

In the greenhouse (in this case the NPEC greenhouse) there were no problems of 

powering the logger and the transmission of the data could rely on ethernet connections. 

In this case we focused on procuring one single logger  that could retrieve the 

information from all the parbars at a relatively fast rate and by measuring voltage with a 

high precision using an integrated chip that could amplify and measure voltage with a 

high resolution. For this purpose we built a dedicated  logger that relied on a raspberry pi 

to collect the data and transmit them to an external database.  

1.2  WP 2 and 3 : testing in the field and data analysis  

1.2.1.1  Field testing 2021  

The parbars of set 1 has been tested in a Unifarm field, where two different varieti es of 

potato were cultivated, Avamond  a late cultivar and Frieslander  an early cultivar ( Figure 

https://en.wikipedia.org/wiki/Wireless_network
https://www.sigfox.com/en/coverage
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3). One parbar was installed on top of the canopy to measure incoming ra diation and the 

rest was used to measure the radiation at the bottom of the canopy. The parbars 

reproduced the expected behavior of a dying canopy ( Figure 4) with int ercepted 

radiation decreasing over time. The intercepted radiation was calculated as:  

(incoming -bottom)/incoming*100.  

 

Figure 3: Sensors in the field. On the left the parbars at the end the end of the 

season at the bottom of the c anopy and on the right in the middle of the season at 
the bottom of the canopy . 
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Figure 4: Changes of intercepted radiation over the senescent part of season for two 
potato cultivars (Frieslander , early cultivar) and Avamond (late cultivar), intercepted 
radiation has been averaged by day.  

1.2.1.2  Field testing 2022  

The parbars of set 2 has been tested in a potato field located in Brabant in a loamy soil 

with three different cultivars in 2022, and two lev els of nitrogen (0 and 150), the 

parbars were placed soon after emergence at the beginning of June and removed toward 

the end of June. The field canopy reflectance was monitored over three dates in June 

and intercepted PAR was compared to LAI (estimated us ing wdvi calculated from drone 

multispectral images, using equation from Uenk 1992 2) and to ground coverage (in this 

case plant coverage was segmented using a threshold of wdvi green > 0.4). Results 

indicate an agreement between intercepted radiation and canopy indicators (LAI and 

ground coverage coverage),  however the potato growth was hampered by the drought 

that year so the canopy developement has been quite poor and did not reach canopy 

closure which caused a high variability on PAR interception by the  sensors.  

 

2 https://edepot.wur.nl/331179 page 41  
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Figure 5: Drone view of the parbars placed at the beginning of the season.   

  



 

 9 van 23   

2  Activities generated by the project  

The PARBAR project generated great interest and several collaborations with different 

projects. The pr oject Sunbiose a PPP on Agrivoltaic decided to use build 20 parbars to 

measure light interception in high value crops (e.g. strawberries) grown under solar 

panels. In this context we worked with Tupola and the Sunbiose project on the 

realization and design  of PARBARs that were deployed with success in a strawberry and 

in a raspberry agrivoltaic systems to measure light intercepted by the solar panels and 

by the crops.   
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3  PARBARs calibration  

The two sets of parbars were calibrated independently on two or more  days.  

3.1.1  Set 1  

The first set of parbars was calibrated on the 2021 -06 -16  and 2021 -06 -11 between 11 

am and 4 pm. The results of the calibration are shown in Figure 6. Th e regression 

coefficients and the fitness indicators (r 2)  are reported in Table 1. 

 

 

Figure 6: Calibration of Set 1 of Q1 parbars.  

 

Table 1: Regression coefficients and fitness (r squared) of the parbars from set 1. 
The columns are the ID (assigned based on the Sigfox module of each parbar).  

 001D80A4 001D8CC1 001D9074 001D9B9F 001DB361 001DB3CC 

(Intercept) 88.61933 95.62269 76.07161 91.45539 68.45592 71.566 
bits 0.882184 0.972677 0.943636 0.818745 0.955779 0.920008 
r squared 0.989313 0.997612 0.996981 0.989813 0.9825 0.986561 
 

3.2  Set 2  

The second set of PARBARs was built and calibrated in June 2022 over 3 dates, the 

results are shown in Figure 7 and the coefficients of the regressions are in Table 2.  

 

Figure 7: Calibration of the second set of PARBARs.  
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Table 2: Coefficients and r squared of the devices tested in the second set.  

 18E41B 1D1D91 1D1EDF 1D8B7F 1D8EFB 1D35A8 1D977D 1D9603 1D9693 1DB41D 

Intercept 146.72 95.49 166.7 110.85 114.09 107.41 71.27 112.4 123.01 147.15 

bits 0.79 0.84 0.79 0.81 0.82 0.81 0.87 0.82 0.82 0.81 

r squared 0.75 0.75 0.65 0.77 0.78 0.75 0.76 0.75 0.69 0.71 
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4  Appendix  
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5  OneCue systems datalogger manual  
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