
Comparisons of Mycorrhizal Properties from Two Host Species
- A Study of Ectomycorrhizal Fungal Colonization, Composition, and Diversity -

Purpose – To investigate and assess how ectomycorrhizal fungal communities differ when associated with two host tree species. In the process you will gain experience using basic soil ecology field exercise and lab methods and experience identifying and quantifying ECM fungal properties. 

Day 1, Lab Session 1 – Sporocarp Hunting & Coring (1 hour):
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In order to observe, characterize, and test a hypothesis related to ECM fungal colonization, you have to first find them. To do so you

will extract soil cores near the trunks of selected trees, but only after designing your own experiment to test the hypothesis you form. Before you do this, first search for sporocarps, which can serve as indicators that ECM fungi are present in the soils near your selected trees. What to do?
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Walk around a chosen field site making observations that allow you to choose two tree species to sample. You might choose a hardwood and a conifer species (e.g. red oak and white pine), or two species of the same genus (e.g. red and white oak), knowing that some species (e.g. maples) are not ECM. Once you choose these, form a hypothesis about ECM root tip colonization (e.g. Host 1 colonization = Host 2 colonization). It should be based on prior class discussions about tree abundance and size, and associated environmental conditions. For example, you might hypothesize that colonization will be greater on red oak than white pine because oak diameters are larger or because pine soils are drier. Clarify your hypothesis and have it approved by your instructor before proceeding.
2. Once your hypothesis is approved, choose six trees of each species and measure each with a DBH tape, making sure that all are > 8 cm. These trees will serve as ECM root sources. Also, make sure that each tree is at least 3 m from any other. Number trees of each species 1-6 with tree chalk. Now, begin your search for sporocarps (Figure 1).

3. Look in a circular area about 3 m around each tree. Take pictures of any sporocarps found. Try to get pictures of caps (tops & undersides), gills or pores, and stipes. Note that finding a sporocarp does not mean that it is ECM, but it may be if close to a tree. Also, count the number of sporocarps of each type. You are now ready to extract ECM fungi.

4. At each tree find a point that is about 1 meter from its base, and free of surface roots, detritus, and rocks. Clear detritus from each point, taking care not to disturb any sub-surface roots or soil around each tree.

5. Use a soil knife to cut a 13 x 13 cm and 10 cm deep core at each point. Each should contain ECM colonized roots. Place the cores in paper bags marked with the tree number and species, and store in a backpack. Once all are extracted, return to the lab.

Day 1, Lab Session 1 – Root Prep (2 hours):

Once in the lab it is time to prep the cores to examine ECM fungi in them. This requires CAREFUL and PATIENT work.

1. Remove cores from bags one at a time, placing each in a 500 ml beaker labeled with the tree number and species. Gently fill each beaker (so as to not damage the fungi) with water until each core is immersed. Soak for 1/2 hour while comparing your sporocarp pictures to those in guidebooks (e.g., Miller, Jr. & Miller 2006) or the web sources or Apps such as those provided earlier. Try to guess the identity of each species knowing that visual imagery alone is not a guarantee that you will correctly ID them. Use cap size, gills or pores, stipe rings, colors, etc. to help. Record possible species (or genus) and common names in Table 1 (Excel file). Periodically check your cores to ensure that they are still fully immersed.

2. After soaking, drain and remove any detritus from each core while looking for roots, placing all that you find in a 100 ml beaker (similarly labeled) filled with water. Finding roots can be time consuming if cores contain a lot of detritus. If so, gently loosen the roots and rinse them VERY gently with water over a 500 µm sieve to prevent drain clogs. After rinsing, ECM fungi should be more visible. Once roots are separated from most detritus, soak them another 1/2 hour, again using the time to ID sporocarps.

3. After the second soaking, again gently rinse roots to remove any remaining detritus. ECM fungi should now be much more visible. Place them back in beakers filled with water until all are rinsed. Depending on how many roots there are, remove a subsample of about 25% of all (if there are only a few roots, use them all). An ideal sample will have ≈ 4-5 branched root fragments = 30 cm in length laid end-to-end. APPROXIMATE! Discard all other roots in a compost bin.

4. Using scissors carefully cut the fragments into smaller ones and place them back into the marked, but now rinsed and refilled, beakers. Once done, place them in a cool location designated by your instructor. This completes the first lab session.

Lab Session 1 Homework:

1. Continue as before identifying sporocarps. Note that some of the more common ECM fungi found in North America are Amanita, Boletus, Lactarius and Russula species. Record findings in Table 1 (Excel file).

2. Review Lab Overview Session 2 paying attention to the microscopy methods and morphotype characters to be used. Also, peruse the ECM fungal morphology websites: http://www.mykoweb.com/articles/Mycorrhizas_2.html and http://mycorrhizas.info/ecm.html for more familiarization with mycorrhizal methods.

Day 2, Lab Session 2 – Morphotyping (3 hours):

In order to describe and count ECM morphotypes, use a dissecting microscope with 10-40x magnifications. It’s now time to describe and count.

1. Using the root fragments collected before, remove a batch with tweezers and lay them flat in a grid-lined Petri dish. Fill with COLD water (has fewer air bubbles than warm), using a pipette bottle until all are immersed. Gently place the dish under a scope and adjust the light so that the roots are clearly visible. Using 10x and the grid, move the dish from top to bottom and right to left to observe any colonized root tip mantles, which should appear as colorful thickened structures protruding from longer roots like those shown in Figure 2.



Refer to the provided web sources for help in describing the following macroscopic mantle characters you will likely see:

a. Mantle COLOR: Most colors are variations of brown, white, or yellow while some can be colorful (Figures 1 and 2). One easily described and identifiable species you will likely see is the charcoal black Cenococcum geophilum (see the third image down under C. Structure and Developmental Stages, 2. Soil Hyphae, from http://mycorrhizas.info/ecm.html). Also see images under, 4. Mycorrhizal Roots for other color examples.

b. Root tip SHAPE: Beaded, bent, and straight are common. See http://forestrydev.org/biodiversity/bcern/glossary/glossary_system-tips_e.html for examples.

c. Mantle surface TEXTURE: This is subjective and many ECM biologists use fabric analogies like cottony, felty, silky, or smooth as descriptors. Use terms that are meaningful to you, but help distinguish morphotypes. See http://forestrydev.org/biodiversity/bcern/glossary/glossary_system-tips_e.html for examples.

d. Presence of HYPHAE protruding from mantles is another key descriptor. Such hyphae can be long or short, thick or thin, and bottle brush or whisker-like. They range from profuse (think cotton candy) to sparse or absent. See examples from http://www.for.gov.bc.ca/rni/research/Date_Creek/Mycorrhizae_Table/Mycorrhizae.htm. Simply note whether hyphae are present or not, and their general appearance as just described.

Note that you will NOT be identifying morphotypes taxonomically – only DESCRIBING them, with the exception of C. geophilum, which, as stated earlier, is easy to ID. Record your descriptions for each morphotype or species in Table 2 (Excel file). Once done, you are ready to count colonized (i.e. tips covered by ECM mantles) and uncolonized (i.e. tips not covered by mantles) root tip numbers.

2. Count the number of colonized and uncolonized tips. For visuals of uncolonized mantles see the third image down under B. Root Systems, 1. Root System Diversity, from http://mycorrhizas.info/root.html. Uncolonized tips will “stick out” as they are usually much thinner than colonized mantles. Once you can distinguish between the two, count them using a clicker for help! Also, again use dish gridlines to help you systematically move left to right and up and down to make your counts. There may be few or many colonized and uncolonized tips, but you will find them. Count all samples from every core of each host species and record the data in a lab notebook or spreadsheet as directed by your instructor. Once done, the lab work is complete.

Lab Session 2 Data Analysis & Homework:

After describing, counting, and recording your data, it is time to quantify ECM colonization and diversity, and characterize community composition, from each host. You will also conduct a t-test to determine if there are differences in total ECM colonization between them. Calculate: (1) total colonized and uncolonized root tip numbers, (2) percent colonization per morphotype, (3) total percent colonization, and (4) Shannon diversity for roots from each host. Record all results in a notebook or spreadsheet.

1. Total colonized root tip number is a summative measure of the total number of root tips covered by each ECM morphotype from every core per host. To determine, count the total number of colonized tips for each morphotype and then sum them collectively. Conversely, determine the total number of root tips NOT colonized (i.e. total uncolonized root tip number) from every core per host. When counting colonized tips, be sure to record how many there are for each morphotype and for each host species, since this data will be used later to calculate other variables.

2. Percent colonization per morphotype is a measure of the relative abundance of each morphotype. Some might be highly abundant (i.e. dominant), some less so, and others much less so (i.e. rare). To determine the percent colonization for each type, divide the summative total colonized root tip number for each type (which you determined in step 1) across all cores by the total colonized root tip number by all types pooled across cores of each host species which you also determined before. These percent colonization per morphotype values can now be used to characterize the composition for each host species by recording and comparing them in Table 3 (Excel file).

3. Total percent colonization is a measure of the percentage of root tips colonized across all root tips, including uncolonized tips. To determine this, sum the total colonized root tip number and total uncolonized root tip number (which you determined in step 1) for each core of each host to get a value for each. Next divide the total colonized root tip number per host by this value just determined to get a total percent colonization value for each host (e.g. 58% and 64%). Note that the greater the percent colonization, the greater the degree of interaction between the ECM fungi you described and the two host species.

4. Shannon Diversity Index (H) can give you a measure of ECM fungal community diversity. The greater the index value is, the greater the contribution by more morphotypes to overall community structure. The index is calculated as:

                                                    s
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                                                            i=1

where H = the index value and Pi = the proportion of individual colonized root tips per morphotype. The index ranges from 0 to > 1.0 with diversity increasing with the value.

5. Conduct a Student’s t-test to test the hypothesis you formed earlier regarding differences in total root tip colonization between hosts. Do this using the values per core for each host (n = 6 for each) you determined in step 1 before. Though t-tests have been used in class before, you may want to go over an example or two during office hours for refreshing.

6. Answer the following questions related to the calculations and t-test:

a. With which host were there more sporocarp types? What might this say about mushroom bearing ECM fungal diversity in the vicinity of the trees you sampled? How might sporocarp numbers be used to estimate the abundance of ECM fungi colonizing host trees in the vicinity of them?

b. How did total colonized root tip number compare between hosts based on the t-test results? Further, what types of ECM properties might explain the results? For help, think of class discussions about the nature of mycorrhizal symbioses (e.g. tree size and carbohydrate supply, host specificity, etc.).

c. How did total percent colonization compare between hosts and what might explain any differences, or lack thereof? How does this variable differ from total root tip colonization and what value might the difference provide in understanding mycorrhizal associations between fungi and host plants?

d. Generally describe the ECM morphotype composition found for each host. To do so, distinguish which types were unique to and common between them. And, decide which types should be considered specialists or generalists, and explain why. Did any type(s) dominate composition on either host? If so, which? Could any be designated as “rare” on either host? If so, which? What might explain why some types are more or less abundant than others? As a hint, think again about discussions in class about the mechanisms of mycorrhizal symbioses (e.g. host specificity and their ability to produce and share carbohydrates).

e. Did Shannon diversity differ between hosts? If so, first explain why it differed quantitatively and then provide a biological explanation for these differences based on discussions held in class on how abundance and species numbers influence the index. Perhaps more important, and like the prior question, think about how specificity and tree size may influence this measure as well. Likewise, if diversity did not differ greatly between hosts, then try to explain why it did not.

f. Thinking about the lab that you have now conducted and gotten results for, explain how it has helped you better understand the concept of mycorrhizal symbioses. In addition, explain how the variables you measured have helped you to better understand concepts such as abundance, community composition, dominant and rare species, and community diversity since these concepts can be applied to any biological organisms (symbiotic or not).

7. Finally, write your group Lab Data Analysis and craft your Lab Report Presentation. Note that first drafts should be turned into your instructor at least three days before due. See Word files for guidelines and rubrics for each assessment.
Figure 1: Bolete sporocarp, New Jersey Pine Barrens.








Figure 2: Slightly bent and grainy copper morphotype with a few protruding hyphae.
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