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Purpose: 

To determine the percent colonization of mycorrhizal fungi that have colonized a seedling. This method will provide you with a percentage representing the total proportion of a seedling’s root system that is colonized. This is a useful metric to collect because it allows one to compare levels of colonization across different size seedlings (which is always the case). This method involves taking a random and representative sample of the root system, from which the percent colonization is calculated as the number of root tips that are colonized divided by the total number of root tips. 

Materials Needed:
· Stereo Microscope

· Light Source (the light source with two arms is preferred)
· Forceps and scissors
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· Counters
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· Large plastic tray divided into 6 sections 
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· Small plastic tray
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*Here is the setup I would recommend using:
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Procedure:

1) Washing your seedling:

- The first thing you will need to do is to remove your seedling from its cone-tainer and wash the soil away from the root system. To do this, place the seedling or seedlings you are interested in into one of the plastic Nalgene containers found in the mudroom (Any container will work really, as long as it is tall enough to hold the cone-tainer). Now grab 2 of the sieves (these are bronze circles with screens for bottoms, found on the book shelf in the mud room), one with a very fine screen and one with a larger screen and stack the sieve with the larger screen on top of the finer sieve. Place this sieve stack in the left half of the sink under the faucet. Tap the cone-tainer edge on the edge of the sieve stack to dislodge the seedling and soil (Ask Peter or someone in the lab how to do this if you have never done it before). Rinse the root system out under running tap water until it is relatively clean. Place the washed seedling back into the empty tube from which it came, this will help you keep track of what seedling you have. Once all seedlings you are ready to work with are washed, place them into the container you have chosen and fill this container up with tap water until the root systems, which are safely hidden away within the empty conte-tainers, are fully submerged. Your seedlings are now ready to be left out on the bench for the day or even in fridge over night if necessary.

2) Preparing root segments

- The next step is to create 6 samples of the root system, some of which will be randomly selected for scoring. To do this, take your seedling and start cutting roots off of the primary root and place these roots sequentially into the sections labeled 1 through 6 in the large tray. We do this because the primary root never gets colonized and thus we exclude it from counting. On the diagram below the primary root is shown as a blue arrow and the red lines represent roots that you should cut off. The picture below shows what this would look like on a real live seedling. On this picture the orange arrows point to the roots dying to be cut off and counted. 
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Continue cutting off roots from the primary root and placing them into the 6 sections of the large tray. Once all the roots have been cut off of the primary root the large tray should look something like this. 
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Alright, now you are ready to start collecting data!

3) Counting colonized and un-colonized root tips

- Now you need to randomly select one of the quadrants of the large tray. You can use a random number generator, a random number sheet or any other method you’d like. Personally, I like to use the sequence feature on Random.org because this will generate a random sequence using number 1-6 without repeating them. Once you have your random quadrant selected, take a piece of root from this quadrant and suspend in water in the small tray on the microscope-viewing platform. 

Note: At this point it is very important that you are able to recognize a colonized root from an uncolonized root. Depending on the type of mycorrhizal association you are getting ready to look at, you may want to Google that type and check out some images just so your are comfortable with their appearance. 

- Use the forceps and the scissors to arrange the root segment in the small tray so that it is easy to see individual root branches. Now it is time to peer into the microscope; your objective is to look at each root tip (look below for guidelines on what is or is not a root tip) and keep track of whether or not it is colonized. This is where the handy little counters come in. Use one counter to keep track of total number of root tips that you’ve looked at. And then use another counter (or multiple counters for different species) to keep track of the number of colonized root tips. I recommend keeping the counter that keeps track of total root tips in your one hand and the counter keeping track of colonized root tips in your other hand. This way you can quickly count root tips as you move the tray around with your spare fingers to view different parts of the root segment. To properly view the root tips it may be necessary for you to remove all the rhizomorphs (spaghetti like material wrapped around everything) with the forceps. This can take longer than you would think but if your patient and pull the spaghetti, you will be able to see the root tips much more clearly and collect more accurate data. 

Note: Some of the counters we possess here at L&C are bad at… well, counting. Make sure to spend a little time before you start clicking away with your eyes through the microscope to convince yourself that the counters are indeed counting each time you click them.

- Continue examining root segments from the quadrant you selected until you have inspected all of them and then move onto your next randomly selected quadrant. Continue this process until you have hit your target sample number. Because projects show different amounts of colonization, different size seedlings/root systems, etc… each new project that this method is applied to requires that the method be ‘calibrated’ for that project. To do this take one seedling from each of your treatments and perform this method for the entire root system, recording how many root tips are colonized out of every 100 root tips you examine. Once you have done this for one seedling of each treatment you can look at the resulting percentages and determine what number of root tips provides you with a representative sample.


Example: Say you count 1500 root tips and find that 50% of the root tips were colonized (750/1500). You then would want to look back through your data and find the minimum number of root tips that you would need to examine before you got close to the actual level of 50% colonization. Maybe after counting 300 tips you had observed 150 colonized tips, this also equals 50% and thus counting 300 tips may be enough to achieve a representative sample of the root system. However, you wouldn’t want to start using 300 as your sample size until you carry out the same process for seedlings in other treatments and find a number that works as a representative sample for all treatments.

-That’s it! Once you have calibrated your project, just count the number of root tips you have determined to be a representative sample for each seedling and you will have some really nice percent colonization data. 

Guidelines: What makes a root tip?

-You are free to make your own designations as to what does or doesn’t counts as a root tip, however here are a couple of guidelines to consider:

1) First, remember that you cut roots off of the primary root. This creates a number of ‘false’ tips where you made the cut. These are pretty easy to spot through the microscope and should not be counted. 

2) If the seedlings have been growing for a while they tend to grow down into the pillow filling, meaning a good number of root tips are away from the soil and thus the fungi. Because these tips can’t really become colonized they should be excluded from your count. Make sure to orient yourself with these tips, they usually have long smooth sections with strange looking little bumps on the very end. 

- Whatever you decide, make sure to keep track of your rules in your lab notebook so that you can refer to them when you write up your methods. 
