Measuring Herbivory Damage Non-Destructively in Plants
E. Rehrig
Plant Biology  Lab

In today’s lab you will be figuring out damage in leaves before and after feeding by herbivorous insects.  One of the ways scientists figure out whether a plant is more tolerant, susceptible, or defended against insect damage is to measure how much of the leaf material a given insect eats over a period of time relative to a control or wild-type (WT) plant. Many of the ways scientists determine leaf area is destructive, meaning you have to take the leaf physically off the plant, thus killing the leaf.  But, what if you wanted to determine damage before and then after?  Therefore, you have to come up with a strategy that is non-destructive.  In other words, you have to measure leaf are in a way that keeps the leaf intact on the plant so you can determine how much of its area was removed by insects a few days later. 

For today’s lab you will measure leaf damage using 4 different methods:  

1. Using a leaf area meter
2. Using graph paper
3. Using a simple damage rubric
4. Using a photo imaging software 

1.  Using a leaf area meter:

This very simple method allows to you put a leaf or a cut out of a leaf onto the leaf area meter and measure the area in cm2.  For this activity, take one of the leaves in class and do a “before” measurement.  Then, punch a bunch of holes in it and do an “after”.  If possible, keep the leaf chads and measure them.  How accurate is the meter?  Sometimes it helps to take 2-3 measurements and then average them.  Thought question:  When can you use the leaf to measure damage and why would other times you want to trace the leaf on dark paper and use the cut-out?


2.  Using Graph paper:

This is a cheap, yet arduous way to measure leaf area if you do not have access to anything else.  However, it is not very precise. Simply, trace the leaf on 1cm2 graph paper and count/estimate the number of squares it takes up to get a measurement in cm2.   For an activity, trace 2 leaves on graph paper and determine the leaf area.  Then, using the same leaf, use the leaf area meter.  How do the two compare to each other?  How would you use graph paper to determine how much leaf was REMOVED after insect feeding?  










3.  Creating a Simple Damage Rubric Based on Leaf Area Removed by Hole Punches

This activity asks to you create what is known as a damage rubric. Often times, plant scientists who study plant damage by insects try to give a quick estimate of damage by ranking from 1-5 or 1-10 with 1 being mostly undamaged to 5 or 10 being almost completely eaten.  This can also be applied to plant pathogens.  For example, a leaf with some insect damage might be a 2, whereas others with more infestation might be at an 8.  This is just a quick way to assess how the plant is doing if there are insect or fungal pest issues. Other ways to measure damage is to use a leaf area meter or take a picture of the plant leaf and use software to analyze how much tissue has been removed.   Often this is not feasible in the field and most of the time a quick ranking has to be given.  However, there is a problem that has to be addressed.  How do scientists stay consistent when doing damage rankings?  And, how can be keep consistent when multiple scientists are doing rankings (your group).  The answer to this is to create a detailed “damage rubric”.  

[image: ]For this activity, you will collect several cabbage leaves and obtain a hole-puncher and begin creating 5 leaves with damages ranging from 1-10.  You can use a leaf area meter or graph paper to measure 10%, 20%, 50%, etc. (see example below from Stotz et al. 2000) removal and then create a damage rubric from 1-10.  You have to decide as a group how sophisticated you want to get in creating the rubric.  Once you are done with this, you can use the rubric to determine what % of the leaf is affected by the P. rapea on your cabbage leaf.

Below is an example of a Potato leafminer (insects) damage rubric (from Lopez et al. 2010)

[image: ]If you give these leaves a damage ranking from 1-5, then you would have a simple rubric. 


3.  Using a Computer program or Photo Analysis Tool to Determine Amount of Area Removed:

Over the last 10 years, there have been several on-line and computer programs that have been used by scientists to determine leaf damage before and after insect feeding, wounding, and pathogen infection.  These include Phenophyte (Green et al. 2012), Photoshop (Patel et al. 2008), ImageJ (Kathiria et al. 2010),  or Leaf Doctor (Pethybridge & Nelson 2015).

[bookmark: _GoBack]Today, you are going to use MatLab using an algorithm created by Dr. Catherine Buell of the Math dept. here at Fitchburg State.   We have created a simple manual for you to follow to find the green vs. yellow/purple pigments and damage created by wounding or insects on plant leaves. 
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Page 4:  Use this to make notes or keep track of data. 
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Fig 1 Damage index scale on potafo leaflet.
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