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PhenotypicALL
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Objective

Challenges

To develop an automated digital phenotyping system using a camera in the screenhouse 
(see Appendix for screenhouse setup) to monitor plant development for analysis of 
images that assist in phenotyping and monitoring. 

Plant phenotyping is the comprehensive assessment of plant traits such as growth, 
development, tolerance, resistance, architecture, physiology, ecology, yield, and the 
basic measurement of individual quantitative parameters that form the basis for the 
more complex traits. Examples for such direct measurement parameters are image-
based projected leaf area, chlorophyll fluorescence, stem diameter, plant height/width, 
compactness, stress pigment concentration, tip burn, internode length, color, leaf angle, 
leaf rolling, leaf elongation, seed number, seed size, tiller number, flowering time, and 
germination time.

Set up a fixed wall-mounted camera, which takes a daily snapshot of individual plants in 
the screenhouse at a scheduled time and then uploads these photos to a server. Create 
an application that can analyze these images by

a) daily interpolating plant height, volume, and leaf greenness for each plant in the 
photo,

b) plot these values on a time scale graph, and 

c) send a weekly email update.
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Phenotyping is the process of observing and recording the physical characteristics of 
an organism in order to measure growth, development, and health. At IRRI, some of 
the parameters we measure are plant height, volume, number of leaves, number of 
tillers, leaf greenness, and yield.

Phenotyping is critical to our work because it reveals the effect of our experiments 
on our plants. Phenotyping answers the question, “Did our experiment improve plant 
growth and development?”

However, large-scale experiments often involve measuring hundreds and hundreds 
of plants, a costly and laborious effort. With this challenge, we hope to find ways of 
improving our phenotyping process.

Scientists need to accurately measure increasingly large numbers of plants and plant 
parameters and observe phenotypes of the organisms in an ecosystem. They do 
this by taking measurements of the plants’ appearance and storing all the data in 
dedicated databases for further statistical analysis.

At IRRI, scientists do this by going to the screenhouse and/or the experimental fields 
and do phenotyping manually. This is performed at three different development 
stages (http://www.knowledgebank.irri.org/extension/growthstages.html) of rice 
plants. Initial measurements are taken on the seedlings when they have 4 to 5 leaves. 
Another measurement is performed at the peak of the plant’s vegetative phase, also 
called the mid-tillering stage. Finally, phenotyping is performed at the booting stage, 
characterized by the swelling and extending of the flag leaf, which indicates the 
plant’s reproductive stage. Scientists measure plant height manually with meter sticks 
and count the number of leaves and tillers; chlorophyll content or leaf greenness is 
measured with a SPAD meter. 

Background

Current Setup:

http://www.specmeters.com/nutrient-management/chlorophyll-meters/chlorophyll/spad502p/#description
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Tools/software used:

Limitation of the current setup:

Considerations:

The team has existing programs (using ImageJ) for measuring shoot height and 
biomass. http://rsbweb.nih.gov/ij/

Click this link for a protocol on the method for Image J Analysis of Leaf Area.

Currently, leaf greenness is measured using a SPAD meter. 

The current setup is tedious and time-consuming—plants are moved and 
positioned to be taken pictures of then moved back to their growing location.

•	 Is	one	camera	enough	to	cover	all	the	plants	or	do	we	need	multiple	cameras?	
Do the cameras need to rotate? 

•	 The	camera	should	be	able	to	take	images	of	individual	plants	in	their	pot	
location around the plots. We are suggesting some sort of metal frame either 
attached to the screenhouse roof or on stands.

•	 Variation	in	day-to-day	light	intensity	affects	the	measurement	and	comparability	
of leaf greenness. We may need to include a greenness scale with each photo for 
calibration of leaf greenness.

•	 Note	that	only	half	of	the	screenhouse	has	a	roof;	therefore,	the	camera	would	
need to be water proof if your team decides to take the challenge and includes 
the area without the roof. However, this is optional.

•	 Plants	may	be	spaced	too	close	for	resolution.

•	 Bandwidth,	storage:	where	do	we	store	images?	Can	we	use	the	Google	Drive?

•	 The	screenhouse	is	going	to	be	renovated	and	measurements	can	be	adjusted	to	
accommodate the hardware for this challenge.

https://docs.google.com/file/d/0B-YebkWHHaZdQjk1c0NCWnV3WjQ/edit
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Related studies:

Literature:
Plant phenotyping with low-cost digital cameras and image analytics

This paper discusses a prototype, easy-to-deploy, and low-cost phenotype 
collection system for growth chambers. Off-the-shelf digital cameras, wireless 
transmitters, and PCs are used to store and process the images.

http://link.springer.com/content/pdf/10.1007%2F978-3-540-88351-7_18.pdf

Phenomics – technologies to relieve the phenotyping bottleneck 

http://www.plantaccelerator.org.au/technology/publications/2011TrendsFur
bankTester.pdf

Videos:
High-Resolution Plant Phenomics Center (HRPPC) 

http://youtu.be/h1hz02LodY4

http://www.csiro.au/Outcomes/Food-and-Agriculture/HRPPC.aspx#a1

Australian Plant Phenomics Facility http://youtu.be/2q3E7kFUWY8
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Appendix
Plants are grown in 5L pots. Pots are arranged in pairs of ten in a row as shown below.

Plant images are only taken during the mid-tillering stage; if it was automated the 
images could be taken daily at more growth stages.

Unplanted pots showing orientation 
in the screenhouse.

Potted rice plants at mid-tillering stage. Pots were removed from the 
experimental setup and aligned behind a black backdrop for picture-taking.

Pots with plants at the mid-tillering 
stage.
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Trangenic Screenhouse, C4 Rice Centre (not drawn to scale)
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