SOIL MOISTURE and ORGANIC MATTER 
[bookmark: _Hlk46769351]
EQUIPMENT & SUPPLIES:
Field:
· Soil corers, soil probes, bulb planters, or small trowels to obtain soil samples
· Quart-sized Ziploc bags to store soil
· Sharpie markers or felt-tip pens to label bags
Lab:
· Balance accurate to 0.001 g
· Drying oven set at 105 °C
· Ashing oven or muffle furnace set at 550 °C 
· Heavy-duty aluminum pans that can withstand 550 oC 
· Scoop or spoon to transfer soil into pans


PROTOCOL (modified from Heiri et al. 2001, KBS LTER 2025):
Collect and process soil:
1) Collect each soil sample from the surface to a consistent depth and record the depth in your field notebook. 
2) Place samples in labeled, quart-sized Ziploc bags. If samples will not be processed the same day, then store in a refrigerator.
3) Label aluminum pans by using a pencil or pen to engrave the bottom. Do not label with Sharpie as the ink may burn off in the oven.
4) Weigh each empty aluminum pan and record mass to the nearest 0.001 g (this is the pan mass).
Measure moisture content:
5) Put approximately 6 to 10 g of each soil sample into the appropriately labeled pan.
6) Weigh each sample in its pan and record mass to the nearest 0.001 g (e.g., 9.223 g; this is the wet mass). 
7) Keep pans with soil samples in a drying oven at 105 °C for a minimum of 24 hours.
8) Weigh each dried sample in its pan and record mass to the nearest 0.001 g (this is the dry mass). 
9) Calculate the moisture content of soil as a percentage of the dry soil mass:





Measure organic content:
10) Place the pans with dried soil in an ashing oven or muffle furnace. Burn at 550 °C for 2-3 hours to combust all organic material.
11) After removing from the ashing oven or muffle furnace, allow the samples to cool in the drying oven (to prevent absorption of atmospheric moisture) at 105 °C for at least one hour. 
12) Weigh each ashed sample in its pan and record mass to the nearest 0.001 g (this is the ash mass). 
13) Calculate the organic content of soil as a percentage of the dry soil mass: 




SIMPLIFY: 
· Use a soil color book to characterize soil in the field with the Munsell System of Color Notation (Lynn and Pearson 2000).

EXPAND:
· Measure soil respiration rates (see Simmons 2009, Mewhort et al. 2020) and relate the results to soil moisture and organic content.


REFERENCES:
· [bookmark: _Hlk48118297]Heiri, O., A. F. Lotter, and G. Lemcke. 2001. Loss on ignition as a method for estimating organic and carbonate content in sediments: reproducibility and comparability of results. Journal of Paleolimnology 25: 101-110. 
· Kellogg Biological Station Long-Term Ecological Research (KBS LTER). 2025. Soil moisture- gravimetric. Michigan State University, East Lansing, MI. Accessed 29 Oct 2025. https://lter.kbs.msu.edu/protocols/24
· [bookmark: _Hlk48119519]Lynn, W. C. and M. J. Pearson. 2000. The color of soil. The Science Teacher 67: 20-23. 
· Mewhort, R. L., C. G. Elliot, and D. Wakeford. 2020. Soil respiration. Advances in Biology Laboratory Education 41: 1-17.
· Simmons, J. A. 2009. Decomposition and soil CO2 emission. Teaching Issues and Experiments in Ecology. Vol. 6: Experiment #2. Accessed 29 Oct 2025. https://www.esa.org/tiee/vol/v6/experiment/soil_respiration/abstract.html
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SOIL NUTRIENTS (Phosphate, Nitrate, & Ammonium)

EQUIPMENT & SUPPLIES:
Field:
· Soil corers, soil probes, bulb planters, or small trowels to obtain soil samples
· Quart-sized Ziploc bags to store soil
· Sharpie markers or felt-tip pens to label bags
Lab:
· Balance accurate to 0.1 g
· Drying oven set at 105 °C
· Centrifuge and 50-mL centrifuge tubes 
· Colorimeter (e.g., Hach Model DR/890) or spectrophotometer, with cuvettes 
· Nitrate reagent (e.g., Hach product #21061-69)
· Ammonia reagent (e.g., Hach product #26680-00)
· Phosphate reagent (e.g., Hach product #21060-69) 
· Universal extracting solution (e.g., LaMotte product #5173PS-K)
· Mortar/pestle sets
· Sieve, if available
· Büchner funnels, Erlenmeyer flasks to fit funnels, and hoses to connect to vacuum
· Filter paper 
· Aluminum pans
· Scoops or spoons to transfer soil into pans
· Micropipettes with tips, or serological pipettes with pumps, to accurately measure 2 mL
· Squirt bottles with deionized water
· Kimwipes
· Reciprocating shaker, if available (alternatively, shake samples by hand)


PROTOCOL (modified from Sikora and Moore 2014):
Collect and process soil:
1) Collect each soil sample from the surface to a consistent depth and record the depth in your field notebook. Use clean tools and avoid touching the soil.
2) Place samples in labeled, quart-sized Ziploc bags. If samples will not be processed the same day, store them in a refrigerator.
3) Label aluminum pans by using a pencil or pen to engrave the bottom. Do not label with Sharpie as the ink may come off in the oven.
4) Put about a fistful amount of each soil sample into the appropriately labeled pan. 
5) Keep pans with soil samples in the drying oven at 105 °C for a minimum of 24 hours.
[bookmark: _Hlk47041028]Extract nutrients:
6) Grind dried soil with a mortar and pestle to a fine powder. Remove rocks or any large particles that remain, using a sieve if available. Rinse and dry the mortar and pestle before the next sample. Avoid touching the soil to minimize contamination. 
7) Tare a 50-mL centrifuge tube and place 6-10 grams of dry, ground soil into the tube. Record exact mass to the nearest 0.1 g (e.g., 8.4 g; this is the dry mass). Remember to label the centrifuge tubes used for each sample.
8) Add 2 mL of Acid Extracting Solution to each centrifuge tube with a micropipette or serological pipette.
9) Fill each centrifuge tube to exactly the 50-mL mark with deionized water and cap the centrifuge tubes. 
10) Shake the centrifuge tubes for 5 minutes on a reciprocal shaker. If a reciprocal shaker is not available, then shake vigorously for 5 minutes by hand.
11) Centrifuge for 3-5 minutes at about 1500 rpm. 
12) If supernatant is not clear, then filter through filter paper with a Büchner funnel and an Erlenmeyer flask that is connected to a vacuum line.    
Measure nutrient concentrations:
13) Transfer the supernatant or filtrate into new, labeled tubes or cuvettes. This liquid contains the soluble nutrients, ready to be measured with a colorimeter or spectrophotometer. Follow the specific instructions for your instrument (e.g., Hach 2013) for the reagents to use and for the measurement protocol.
14) Record nutrients in mg/L. This is the aqueous nutrient concentration.
15) Convert to mg/g in dry soil with the following formula. Multiply the aqueous concentration by the volume of liquid used to extract the nutrients (50 mL, or 0.05 L). Then, divide by the dry mass of soil from which the nutrients were extracted.


SIMPLIFY:
· If a colorimeter or spectrophotometer is not available, then inexpensive soil testing kits may be purchased, though results will be less accurate (Yusten et al. 2003). 

REFERENCES:
· [bookmark: _Hlk48133342]Hach. 2013. DR/890 Colorimeter procedures manual. Hach Company: Colorado.
· [bookmark: _Hlk48133359][bookmark: _Hlk47117942]Sikora, F. J. and K. P. Moore. 2014. Soil test methods from the Southeastern United States. Southern Cooperative Series Bulletin, No. 419. Accessed 29 Oct 2025. http://aesl.ces.uga.edu/sera6/?PUB/MethodsManualFinalSERA6.pdf   
· [bookmark: _Hlk48133381]Yusten, J., D. T. Gerber, and J. Beck. 2003. A comparison of soil test kits for use in the secondary classroom. The American Biology Teacher 65: 675-678.
SOIL pH 

EQUIPMENT & SUPPLIES:
Field:
· Soil corers, soil probes, bulb planters, or small trowels to obtain soil samples
· Quart-sized Ziploc bags to store soil
· Sharpie markers or felt-tip pens to label bags
Lab:
· Balance accurate to 0.1 g
· pH meter
· Deionized water
· 50-mL beakers 
· 50-mL graduated cylinders
· Glass rods to mix soil slurries


PROTOCOL (modified from KBS LTER 2025):
Collect soil: 
1) Collect each soil sample from the surface to a consistent depth and record the depth in your field notebook. 
2) Place samples in labeled, quart-sized Ziploc bags. If samples will not be processed the same day, store them in a refrigerator.
Measure pH:
3) Tare a 50-mL beaker, then place approximately 15 grams of soil in the beaker. 
4) Measure 30 mL of deionized water with a graduated cylinder and add to the soil in the beaker.
5) Stir thoroughly with a glass rod to mix the soil and water.
6) Let the soil-water mixture sit for 30 minutes to allow the solution to stabilize. 
7) Measure the pH of the sample while gently swirling the slurry.


SIMPLIFY:
· Approximate pH can be estimated with pH paper. 


REFERENCE:
· Kellogg Biological Station Long-Term Ecological Research (KBS LTER). 2025. Soil pH. Michigan State University, East Lansing, MI. Accessed 29 Oct 2025. https://lter.kbs.msu.edu/protocols/163 
LEAF LITTER MASS and DIVERSITY

EQUIPMENT & SUPPLIES:
Field:
· Quadrat (1-m2 size may be needed if leaves are sparse, but a 0.25-m2 quadrat is sufficient if leaves are abundant)
· Brown paper bags to store leaves
· Sharpie markers or felt-tip pens to label bags
Lab:
· Balance accurate to 0.1 g
· Drying oven set at 60-100 °C (only needed if leaf litter still feels moist after air-drying)
· Key to identify tree species through leaf morphology (see references below)


PROTOCOL:
Collect and process samples: 
1) To collect each sample, place the quadrat on the ground. Put all leaves that lie at least halfway within the quadrat into a labeled paper bag.  
2) Upon return to the lab, keep paper bags with leaves in a drying oven at 60-100 oC for at least 24 hours. (If leaf litter is not moist, air-drying may be sufficient.) 
Measure dry mass:
3) Weigh each bag with the leaves inside and record mass to the nearest 0.1 g. This is the bag with leaves mass.
4) Empty the bags and carefully set the leaves aside, keeping each sample separate so that the tree species of the leaves can later be identified. Weigh the empty bag and record mass to the nearest 0.1 g. This is the bag mass.
5) Calculate the leaf litter mass per area by dividing the dry mass of leaves by the area of the quadrat:
[image: ]

Identify tree species:
6) Use a taxonomic key (e.g., see references below) to identify the tree species for each leaf. For leaves that cannot be identified, sketch and describe the leaf shape and assign a generic name (e.g., unknown species A, unknown species B).
7) Record the number of leaves found for each taxon.

Calculate biodiversity:
8) Determine species richness by counting the total number of species (add the number of known and unknown species). 
9) Calculate Shannon Diversity Index:         Where:
[image: ]							H = Shannon diversity index value
							pi = proportion represented by species i  
                   	 					(divide number of leaves for species i by 
total number of leaves in that sample) 
							ln = natural logarithm
		  					s = total number of species (richness)

[bookmark: _Hlk180589488]SIMPLIFY:
· Instead of measuring mass in the lab, estimate the quantity of leaf litter at the field site by counting the number of leaves in each quadrat. 
· Identify leaves to genus rather than to species; it is relatively easy to learn to distinguish maple and oak leaves, for example. 

EXPAND:
· Collect invertebrates from the leaf litter with Burlese-Tullgren funnels, following the procedure in Boyce (2005). Since the leaves will naturally dry out in the funnel, a drying oven is unnecessary and should be avoided, as it may damage the invertebrates. 
· The number of taxa found is a function of the amount of work put into looking for them. Estimate true richness by graphing the number of taxa observed by the number of samples or individuals, in a taxon or species accumulation curve (Loreau 2010).

REFERENCES:
· [bookmark: _Hlk48120267]Arbor Day Foundation. 2025. What tree is that? Accessed 29 Oct 2025.  https://www.arborday.org/trees/whattree/fullonline.cfm
· Boyce, R. L. 2005. Life Under Your Feet: Measuring soil invertebrate diversity. Teaching Issues and Experiments in Ecology, Vol. 3: Experiment #1. Accessed 29 Oct 2025. https://www.esa.org/tiee/vol/v3/experiments/soil/abstract.html
· [bookmark: _Hlk46919548]Fuller, G. D., E. E. Nuuttila, W. R. Mattoon, and R. B. Miller. 2011. Forest trees of Illinois: how to know them. Illinois Department of Conservation. EBook #37646. Accessed 29 Oct 2025. https://www.gutenberg.org/files/37646/37646-h/37646-h.htm
· Loreau, M. 2010. The challenges of biodiversity science. Excellence in Ecology. 17. 1-151
· Ohio Historical Society. 2025. What tree is it? Accessed 29 Oct 2025. https://tree.oplin.org/ 
INVERTEBRATE DIVERSITY

EQUIPMENT & SUPPLIES:
Field:
· Soil corers, soil probes, bulb planters, or small trowels to obtain soil samples
· Quart-sized Ziploc bags to store soil 
· Sharpie markers or felt-tip pens to label bags
Lab:
· Stereomicroscope (dissecting microscope) or magnifying glass
· Plastic petri dishes or other containers in which to place samples
· Forceps and probes
· Identification keys for soil invertebrates (see references below) 
· 70% ethanol and storage bottles (optional, if invertebrates are to be preserved)


PROTOCOL:
Collect and process soil:
1) Collect each soil sample from the surface to a consistent depth. The number of invertebrates you find will be proportional to sample size, so be consistent in the amount of soil collected at each site. Record both the sample volume and the sample depth in your field notebook.
2) Ideally, plan to examine the soil samples the same day. If necessary, samples may be stored for a few days in the refrigerator, though invertebrates will be less active and thus harder to find. 
Identify invertebrate taxa:
3) Place soil in a small dish and examine with a stereomicroscope or magnifying glass. Look for movement to find invertebrates. 
4) Use a key (e.g., Meyer 1994) to identify invertebrates to the lowest possible taxonomic level (e.g., Order). For invertebrates that cannot be identified, then sketch and describe the morphology and assign a name (e.g., Unknown taxon A, Unknown taxon B).
5) Record the number of individuals found for each taxon.



Calculate biodiversity:
6) Determine taxon richness by counting the total number of taxa (add the number of known and unknown taxa). 
7) Calculate Shannon Diversity Index:         Where:
[image: ]							H = Shannon diversity index value
							pi = proportion represented by species i  
                   	 					(divide number of leaves for species i by 
total number of leaves in that sample) 
							ln = natural logarithm
		  					s = total number of species (richness)
SIMPLIFY
· Measure only earthworm density; exotic species are linked to the invasion of non-native plants like buckthorn (Roth et al. 2015). Great Lakes Worm Watch (2025) and EREN (2025) provide sampling protocols and identification resources.

EXPAND:
· A greater quantity of invertebrates may be obtained through pitfall traps (Hohbein and Conway 2018) or Burlese-Tullgren funnels, which can be used with either soil or leaf litter samples following the procedure in Boyce (2005). 
· The number of taxa found is a function of the amount of work put into looking for them. Estimate true richness by graphing the number of taxa observed by the number of samples or individuals, in a taxon or species accumulation curve (Loreau 2010).

REFERENCES:
· Boyce, R. L. 2005. Life under your feet: measuring soil invertebrate diversity. Teaching Issues and Experiments in Ecology, Vol. 3: Experiment #1. Accessed 29 Oct 2025. https://www.esa.org/tiee/vol/v3/experiments/soil/abstract.html
· Ecological Research as Education Network (EREN). 2025. Distribution of earthworms. Accessed 29 Oct 2025. https://erenweb.org/active-projects/earthworms/ 
· Great Lakes Worm Watch. 2025. Accessed 29 Oct 2025. https://wormwatch.d.umn.edu/ 
· Hohbein, R. R. and C. J. Conway. 2018. Pitfall traps: a review of methods for estimating arthropod abundance. Wildlife Society Bulletin 42: 597–606. 
· Loreau, M. 2010. The challenges of biodiversity science. Excellence in Ecology. 17. 1-151.
· Meyer, J. R. 1994. Kwik Key to Soil-Dwelling Invertebrates. Vision Press: Raleigh, North Carolina. Accessed 29 Oct 2025. https://northinlet.sc.edu/wp-content/uploads/2024/05/Key-to-Soil-Inverts.pdf 
· Roth, A. M., T. J. S. Whitfeld, A. G. Lodge, N. Eisenhauer, L. E. Frelich, and P. B. Reich. 2015. Invasive earthworms interact with abiotic conditions to influence the invasion of common buckthorn (Rhamnus cathartica). Oecologia 178: 219-230

MICROBIAL FUNCTIONAL DIVERSITY 

EQUIPMENT & SUPPLIES: 
Field supplies:
· Soil corers, soil probes, bulb planters, or small trowels to obtain soil samples
· 50-mL centrifuge tubes to store soil
· Sharpie markers or felt-tip pens for labeling
· Gloves and masks to minimize contamination from contact
· Aluminum foil (if sampling equipment is sterilized before bringing to the field)
· Alcohol wipes (if sampling equipment will be cleaned in the field)
Lab:
· Biolog EcoPlates (Biolog 2025)
A single EcoPlate accommodates three samples and costs about $20. For two sites with three replicates per site, we use two EcoPlates. 
· Centrifuge and 50-mL centrifuge tubes 
· 200-μL micropipettes with tips
· Disposable transfer pipettes
· Deionized water
· Alcohol, at least 60% 
· Reciprocating shaker, if available (alternatively, shake samples by hand)
· Autoclave, if available (alternatively, clean tools with alcohol)
· Bunsen burner, if available (used for promoting aseptic technique in lab)

PROTOCOL (modified from Mulcahy and Edenborn 2006):
Collect and process soil: 
1) Collect each soil sample from the surface to a consistent depth and record the depth in your field notebook. Use a separate tool to collect each sample, sterilizing and wrapping in foil before transport, or clean with alcohol between samples. To minimize cross-contamination, avoid touching the soil. 
2) Place each sample into a new or sterilized container, preferably directly into the 50-mL centrifuge tubes. Use approximately 10 g of soil, or enough soil to fill about one-fifth of the tube. 
3) If samples will not be processed the same day, store them in a refrigerator.
4) In the lab, fill each centrifuge tube to the 50-mL mark with deionized water and cap the centrifuge tubes.
5) Shake the centrifuge tubes for 10 minutes on a reciprocal shaker. If a reciprocal shaker is not available, then shake vigorously for 10 minutes by hand.
6) Centrifuge the soil samples for 10 minutes at 1500 rpm.
7) Transfer 25 mL of the supernatant to a new or sterilized 50-mL centrifuge tube and fill to 50-mL with deionized water (i.e., dilute the supernatant in half). The liquid should then be somewhat transparent, appearing slightly cloudy. If the liquid is highly turbid, then your instructor may recommend additional dilution. 
Inoculate EcoPlates:
8) [image: ]Familiarize yourself with EcoPlates. Each well contains a single carbon substrate, along with a tetrazolium dye that changes color if microbes capable of consuming that substrate are present. An EcoPlate includes three replicate sets, each with one control well (A1, A5, and A9) and 31 carbon substrates, allowing for the analysis of three samples:
			









	  
9) On the bottom of the EcoPlate, use a Sharpie to carefully draw lines to define the sample boundaries and label the sample names, as above.
10) Prepare a clean workspace, preferably using a Bunsen burner to create a sterile field. Handle samples and containers carefully to prevent cross-contamination.
11) Put 150 μL of deionized water into the 3 control wells (A1, A5, and A9). Then, cover those wells with tape so that you don’t accidentally add sample to the control wells. 
12) For the first sample, add 150 μL of the liquid from step #7 into each of the wells in columns 1 – 4 (except for A1, the control well). 
13) For the second sample, add 150 μL of the liquid from step #7 into each of the wells in columns 5 – 8 (except for A5, the control well). Use a new micropipette tip.
14) For the third sample, add 150 μL of the liquid from step #7 into each of the wells in columns 9 – 12 (except for A9, the control well). Use a new micropipette tip. 
15) Repeat with additional EcoPlates for all remaining samples. Remember that each EcoPlate can accommodate three samples. 
16) Place the lids securely on the EcoPlates, taking care to keep them level to avoid spillover. If an incubator is available, then maintain them at 22oC. If not, then store at room temperature in a stable, undisturbed location.


Read EcoPlates:
17) Check the EcoPlates daily for color development. The plates are ready to read when some wells have developed a pink or purple color, typically within 2 – 5 days. Do not wait too long to read the plates, because all wells will eventually turn purple.  
18) To read the EcoPlates, place them on a white sheet of paper so that the color of the wells is more clearly visible. It can help to work in a group and decide together if color change has occurred, since different people may perceive color differently. 
a) Record wells with pink or purple coloration as positive. A positive result indicates the presence of microbes capable of metabolizing the substrate in that well. (The color change occurs due to a tetrazolium dye reacting to microbial activity.)
b) Record wells with no color change, or with clear to slightly brownish color, as negative. A negative result indicates the absence of microbes in the sample capable of metabolizing the substrate in that well.  

Analyze Results:
19) Calculate % Functional Diversity for each sample by dividing the number of positive (pink/purple) wells by the total number of wells (31):  


[image: ]

Functional diversity values will range from 0% to 100%: 
· Low values indicate a microbial community that metabolizes few carbon sources.
· High values indicate a diverse microbial community with the ability to consume many types of organic carbon.

Functional diversity differs from species diversity. A sample can have high species diversity but low functional diversity if most species utilize similar carbon substrates. Conversely, functional diversity can be high even if species diversity is low, if the species present consume a wide variety of substrates. EcoPlates measure functional diversity, revealing metabolic capabilities, but do not measure species diversity.
  


20) Calculate % Similarity between the sites: 

[bookmark: _Hlk47084097][bookmark: _Hlk48142341]
	Where: 
	A = Number of carbon substrates used by microbes at both sites
	B = Number of carbon substrates used at site 1 but not at site 2
	C = Number of carbon substrates used at site 2 but not at site 1
	D = Number of carbon substrates not used by microbes at either site

Note: the control wells (A1, A5, and A9) contain water, which is not a carbon substrate. Do not include the control wells in your calculations.

In the example below, a substrate is considered utilized at a site if any sample from that site yields a positive result: A=21, B=3, C=3, and D=4, resulting in 80.6 % similarity. (Alternatively, investigators may choose to require all samples or replicates from a site to test positive. In that case, A=18, B=1, C=1, and D=11, with 93.5% similarly.) 
  			       Site 1:					           Site 2:
[image: ]                   [image: ]

Similarity values will range from 0% to 100%.
· If two sites completely differ in the carbon substrates utilized by microbes, then similarity will be 0%.
· If the two sites have microbes that consume the same carbon substrates, then similarity will be 100%. 
Note that % similarity and % functional diversity provide different information. Functional diversity does not reveal which carbon sources microbes use. For example, two samples could have the same functional diversity but low % similarity if the microbes differ in the types of carbon substrates consumed. 


21) Calculate % Variation within each site, which indicates inconsistency among samples or replicates collected at a single site: 

	Where: 
I = Number of carbon sources where samples or replicates at a site show mixed results, and aren’t all consistently positive or negative across that site. 	

Variation values will range from 0% to 100%.
· If every carbon source is consistently positive or negative in all samples or replicates from a site, then variation will be 0%. 
· If every carbon source is inconsistently used among samples or replicates taken at a site, then variation will be 100%.
High variation suggests that microbial activity differs among soil samples collected across a site. Low variation indicates a more uniform use of carbon sources by the microbial community. 

EXPAND:
· Use a plate reader to quantify the intensity of color development. This gives the degree of microbial activity, allowing additional community-level analyses to be performed. A biodiversity index can then be calculated, or ordination techniques such as principal components analysis (PCA) or non-metric multidimensional scaling (NMDS) used to reveal patterns across samples (see Zak et al. 1994). Average well-cover development (AWCD) can be calculated to estimate total metabolic activity, and relative use of different types of carbon substrates graphed in a heat map (see Jalowiecki et al. 2016). 

REFERENCES:
· Biolog. 2025. Microbial community analysis with EcoPlates. Accessed 29 Oct 2025. https://www.biolog.com/products/community-analysis-microplates/ecoplate/
· Jalowiecki L., J. M. Chojniak, E. Dorgeloh, B. Hegedusova, H. Ejhed, J. Magnér, and G. A. Płaza. 2016. Microbial community profiles in wastewaters from onsite wastewater treatment systems technology. PLoS ONE 11(1): e0147725. https://doi.org/10.1371/journal.pone.0147725
· Mulcahy, M. P. and H. M. Edenborn. 2006. Environmental microbial ecology. Association for Biology Laboratory Education (ABLE) 28: 28-51.
· Zak, J. C., M. R. Willig, D. L. Moorhead, and H. G. Wildman. 1994. Functional diversity of microbial communities: a quantitative approach. Soil Biology and Biochemistry 26: 1101-1108.

HERBACEOUS VEGETATION and SOIL TEMPERATURE

EQUIPMENT & SUPPLIES:
· Quadrat (1-m2 size may be needed if vegetation is sparse, but a 0.25-m2 quadrat is sufficient if vegetation is abundant)
· Soil temperature thermometer 

PROTOCOL:
Herbaceous stem density:
1) Place quadrat on the ground at the field sites. 
2) Count all herbaceous vegetation stems that lie within the quadrat. 
3) Calculate herbaceous stem density by dividing number of stems by quadrat area:  



Soil temperature: 
4) Determine the soil depth at which you will measure temperature.  Be consistent across sites. Record this depth in your field notebook.
5) Use a soil temperature thermometer and record temperature in oC. If the thermometer reads in oF, then convert to oC with the following formula:



EXPAND:
· Identify species of herbaceous plants with a field guide or an app like Seek by iNaturalist (Unger et al. 2021). 
· Measure incident light with a light meter and relate to herbaceous plant density and soil temperature.  
· Assess ecological consequences of the invasive plant, such as on the seed bank, germination of other plants, or herbivore damage (Winnett-Murray and Hertel 2006).

REFERENCES:
· [bookmark: _Hlk48124438]Unger, S., M. Rollins, A. Tietz, and H. Dumais. 2021. iNaturalist as an engaging tool for identifying organisms in outdoor activities. Journal of Biological Education 55: 537-547. 
· Winnett-Murray, K. and L. Hertel. 2006. Investigating the consequences of an invasive species to the ecological integrity of the community. Association for Biology Laboratory Education (ABLE) 28: 70-91.
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  25      26      27      28      25      26      27      28      25      26      27      28      

   Sample   1               Sample   2                 Sample   3  


image4.emf
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  13      1 4      15      1 6      13      1 4      1 5      1 6      13      1 4      1 5      1 6      

  29      30      31      32      29      30      31      32      29      30       31      32      

                       

  A   B   C   D   E   F   G   H    

  1     2     3     4     5       6    7     8       9    10    11   12      

  25      26      27      28      25      26      27      28      25      26      27      28      

   

  17      18      19      20      17      18      19      20      17      18      19      20      

  21      22      23      24      21      22      23      24      21      22      23      24      

  9       10      11      12       9       10      11      12        9        10      11      12      

  5        6         7         8        5         6         7        8         5         6         7         8      

  1      2        3        4       1         2         3        4         1         2         3         4      
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  21      22      23      24      21      22      23      24      21      22      23      24      

  25      26      27      28      25      26      27      28      25      26      27      28      

   

  13      1 4      15      1 6      13      1 4      1 5      1 6      13      1 4      1 5      1 6      

   

  9       10      11      12       9       10      11      12        9        10      11      12      

  5        6         7         8        5         6         7        8         5         6         7         8      

           

  A   B   C   D   E   F   G   H    

  1     2     3     4     5       6    7     8       9    10    11   12      

  17      18      19      20      17      18      19      20      17      18      19      20      

  1      2        3        4       1         2         3        4         1         2         3         4      

       

  29      30      31      32      29      30      31      32      29      30       31      32      
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