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Objective

The challenge 

Background 

Automate the measurement of different leaf anatomy components from 
microscope images of rice leaf sections

The C4 and Drought Physiology projects at IRRI run experiments that 
compare parts of the leaf anatomy of different rice cultivars. Understanding 
differences in leaf anatomy helps scientists to know how these cultivars 
perform in different environmental conditions, including drought, salinity, or 
heat stress, in comparison with other cultivars.

Development of a software which automates the measurement of different 
leaf anatomy components, including (but not limited to) cell width and area of 
the mesophyll; width, height, and thickness of leaf veins; interveinal distances; 
and cell number and area of vein bundle sheaths from microscope images of 
sections of rice plant leaves to a) reduce the labor intensiveness of this task, b) 
eliminate eyestrain on staff members performing this task, and c) improve the 
accuracy and efficiency of the process.
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To obtain the data, the scientist has to collect many leaf samples of rice plants from 
different cultivars, cut them into very fine sections, and take images of these sections 
under the microscope. Those images then need to be analyzed for the length of the 
anatomic structures (see sample images in the sample output section for a detailed 
list of all structures measured). To do this, the scientist sits in front of a computer 
screen looking at these images and drawing lines with the mouse along each of these 
structures. 

  - Tools/software used The freeware ImageJ (http://rsbweb.nih.gov/ij/), which is 
currently used for this process, tells the scientist the length of the line drawn. 
This is recorded in a spreadsheet. This data is used later on for analysis and 
comparison of leaf anatomy. 

  - Limitations of the current setup The current practices are extremely tedious and 
time-consuming and hours of looking at microscope images cause great strain to 
scientists’ eyes.

Currently, an average experiment consists of 10 parameters to be measured on 10 leaf 
segments each of 3 leaves per plot. This is replicated 4 times for each cultivar, and an 
experiment compares 10 cultivars. This totals to about 12,000 measurements to be 
taken per experiment. The average time for the operator to take one measurement this 
way is 20 seconds. That is a total of 66 hours and 40 minutes of measuring parameters 
for one experiment, not taking into account the required breaks for the operator 
because of eyestrain and fatigue from looking closely at the screen for hours on end.

Current setup
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Sample output 

Here are four images of leaf sections showing the lines drawn to measure the different 
leaf anatomy structures. The abbreviations for those structures stand for:

MCNO mesophyll cell number
MCWD mesophyll cell width
MCTA mesophyll cell total area
SVWD small vein width
SVHT small vein height
SV-LFTH small vein leaf thickness
IVD-SV interveinal distance small vein
SV-BSCN small vein bundle sheath cell number
SV-BSCA small vein bundle sheath cell area

LVWD large vein width
LVHT large vein height
LV-LFTH large vein leaf thickness
IVD-LV interveinal distance large vein
LV-BSCN large vein bundle sheath cell number
LV-BSCA large vein bundle sheath cell area

Fig. 1. Anatomical measurements made around the large vein of the leaf.
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Fig. 2. Some anatomical measurements made around the many small veins 
of the rice leaf.
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Considerations

The quality of microscope images varies depending on the quality of sections 
that were cut. This makes it sometimes difficult to identify the structures to 
be measured. 

Here is a variety of examples for good and not so good images of leaf 
sections.

Fig. 3. A poor-quality image of a leaf section showing the large vein (cells 
are not in focus).
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Fig. 4. A better quality image of a leaf section showing the large vein 
(different cell types are visible).
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Fig. 5. A poor-quality image of a leaf section showing the small veins 
(cells are not in focus).

Fig. 6. A better quality image of a leaf section showing the small veins 
(different cell types are visible).
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Related studies and resources
Some software have been developed to conduct root anatomy measurements:

http://plantscience.psu.edu/research/labs/roots/methods/computer/rootscan

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

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

Currently, leaf greenness is measured using a SPAD meter. 

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

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