Soil Properties Lab
Overall Objective: To create a profile of the soil sample by determining its physical and 

biological properties.

Part A: Soil Texture

Objective – Determine the approximate percentage of sand, silt, and clay in the soil sample 

through quantitative and qualitative methods.

Part B: Soil Porosity and Moisture

Objective – Determine the amount of air and water in the soil sample by calculating the soil 

percolation rate, porosity, and water holding capacity and comparing these rates to sand, silt, 

and clay.
Part C: Soil Fertility

Objective – Determine how fertile the soil sample is by testing the soil’s pH and the amount of nitrate, phosphorous, and phosphorous it contains. 

---

Description of the soil sample site:

Part A: Soil Texture

Soil is made of particles belonging to three size categories: clay, silt, and sand. The size of the soil particles is important as it dictates the soil’s ability to hold water or to allow water and nutrients to leach out of the soil. The amount of clay affects the amount of nutrients chemically held in the soil and available for plants. And the size of soil particles determines the amount of pollutants in the soil and groundwater below it. The relative amount of sand, silt, and clay in soil, or the texture, can be determined quantitatively or (with less accuracy) qualitatively. 
Materials: 100 mL graduated cylinder, parafilm (optional), soil type dichotomous key

Quantitative test

1. In a 100 mL graduated cylinder, place about 60-65 mL of your soil sample. (Write down exactly how much). Add enough water to saturate your soil completely and keep adding water until the level gets to about the 100 mL mark. 

2. Place your palm tightly over the end of the graduated cylinder to seal it or cover the cylinder with parafilm. Shake the whole apparatus until the soil and water completely mix to make a free-moving slurry. Be sure to break up any lumps in the soil. Do this for at least one minute.
3. Place the graduated cylinder in an undisturbed spot for about 24 hours to let the soil particles settle out. The denser, large sand particles will settle out first, and you will be able to see this easily during the lab period. A layer of silt will settle on top of the sand and, after 12-24 hours, the tiny clay particles should settle out on top of the silt.

4. After the settling process, calculate the volume of each layer in the graduated cylinder. Then calculate the percent of each particle out of the 60-65 mL soil sample below.
  Data Table 1: Soil Texture

	
	Amount (ml)
	Percent of total

	Total soil sample
	
	

	Sand
	
	

	Silt
	
	

	Clay
	
	


5. Using the soil triangle at the bottom of this page, determine what soil type you have.

Soil type: _____________________________________
Qualitative test:
1. Take a small wad of your sample (a heaping teaspoonful) and moisten it with water in your palm. Manipulate it to a state of maximum stickiness and flexibility/mold-ability, working out all the lumps. If you encounter any stones, pick them out and discard them. Add water is needed to maintain maximum plasticity. Now go through the dichotomous key to the best of your ability to determine what soil type you think you have.
Soil type: _____________________________________
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SOIL TRIANGLE:
Part B: Soil Percolation Rate, Porosity, & Soil Moisture
The dry percolation rate is a measure of how fast water flows through dry soil. This measure is 

important in the design of leaching fields for septic systems, agricultural fields, etc. We will measure this for sand, silt, clay, and then your soil sample. The percolation rate will be 
measured in ml of water per cm2 surface area per second: ml/cm2/sec 

Porosity is the amount (%) of air space in a soil sample. Porosity is important because it determines the rate at which water, oxygen, nitrogen, and other nutrients can work their way down to the root zones of the plant, or even beyond this zone is porosity is too high. The 
creation of groundwater aquifers also depends on the porosity of the soil above it. 

We will also calculate the water holding capacity to get another measurement reflecting the porosity of the soil. This will use a drying oven and likely yield more accurate results. 
Part B Materials:  Sand, silt, and clay samples, Plastic bottle funnel, cotton balls, 100 mL graduated cylinder, timer, 4 aluminum trays, electronic balance, drying oven 

1. Calculate the area of the top of the plastic bottle funnel in cm2 to be used to calculate the percolation rate. 
2. Plug the bottom of your plastic funnel with one or two cotton balls. Fill the plastic funnel with 150 mL of silt. Gently tap the plastic funnel on the table to settle/compact it in the funnel. 
3. Fill a graduated cylinder to the 100 mL mark with water. 
4. Pour 20 mL of water into the soil in a steady stream, trying to not disrupt the soil surface. Use a stopwatch to determine the amount of time it takes for the water to be completely absorbed from the surface of the soil. Start the timer exactly when you start pouring the water into the funnel. When you stop the timer the surface should not be glistening, but be totally dry. (This will happen especially quickly with the sand sample, so be ready!)

5. Record the time in Data Table 2 below. Then calculate the percolation rate in ml/cm2/sec
6. With the rest of the water in your 100 mL graduated cylinder, continue to add water to the soil in your funnel. Watch as the water makes it way through the soil and stop adding water when the water reaches the bottom of the funnel and it starts to pool up at the top of the sample. You have fully saturated the soil with water and filled all the pore spaces with water now. Record the amount of water that you have used from the 100 mL graduated cylinder (including the original 20 mL poured in). Record this is Data Table 3.
7. Calculate the % porosity of the soil by dividing the volume of the soil by the volume of water that filled up the pore spaces in the soil. Record in Data Table 3. 

8. Obtain a small aluminum tray and write “silt” on the bottom. Measure its mass and record it in Data Table 4. 
9. Take a large spoonful of soil (about 1 tablespoon) from your funnel containing the soil saturated with water. Put this in your aluminum tray. Measure and record its mass, then subtract the weight of the aluminum tray. This is your wet weight. Record.
10. Put the tray with your sample into a drying oven for 24 hours at 90-95°C. 

11. After complete drying, weigh the sample again. Now subtract the weight of the aluminum tray. This is your dry weight. Record in Data Table 4. 

12. Calculate the water holding capacity by: (weight of water absorbed/dry weight) x 100 
in other words: 
Wet weight – Dry weight    x 100

Dry weight

13. REPEAT! Put the wet silt in a pan left for drying out the silt (don’t throw it out). Wash out the plastic funnel. Then repeat the steps above to calculate the percolation rate, porosity, and water holding capacity for sand, clay, and your soil sample.
Data Table 2: Percolation Rate

	
	Soil absorption time (sec.)
	Percolation rate (ml/cm2/sec)

	Sand
	
	

	Silt
	
	

	Clay
	
	

	Soil Sample
	
	




Data Table 3: Porosity
	
	Volume of water (mL)
	Volume of soil (mL)
	Porosity (%)

	Sand
	
	150
	

	Silt
	
	150
	

	Clay
	
	150
	

	Soil Sample
	
	150
	




Data Table 4: Water Holding Capacity
	
	Mass of tray (g)
	Wet Weight

(Tray + wet soil sample) - Tray
	Dry Weight

(Tray + dry soil sample) - Tray
	Water Holding Capacity (%)

	Sand
	
	
	
	

	Silt
	
	
	
	

	Clay
	
	
	
	

	Soil Sample
	
	
	
	


Part C: Soil Fertility
An analysis of the mineral nutrients in soil and the pH of soil are important in determining the fertility of the soil. The values of these components can be limiting factors in the growth of plants. Therefore, these components can limit the productivity and life in a natural ecosystem or 

limit the amount of agricultural production on a farm. Nutrients found in the soil can come from the decomposition of organic matter, use of fertilizers, deposition of nutrients from run-off

or flood waters, and the breaking down of parent material. Nitrogen (N), phosphorous (P), and potassium (K) are the most important nutrients for plant growth. Calcium (Ca), magnesium 

(Mg), and sulfur (S) are also major plant nutrients. We will test your soil sample for 

nitrogen, phosphorous, potassium and determine the soil pH. 
Materials for all soil fertility tests:  

Hach Soil NPK Test Kit (including all containers and reagents).
BEFORE all the nutrient tests: 

The following three extraction procedures need to be done before the four soil fertility tests.

Aqueous Extraction – to be done at least 30 minutes before the pH test

Mehlich 2 Extraction – to be done before the phosphorous and potassium tests

Calcium Sulfate Extraction – to be done before the nitrate test

Phosphorous is necessary for the hardy growth of plants and their cellular activity. Phosphorous encourages root development, increases the palatability of plants, and stimulates rapid cell development in the plant. This increase in cellular activity hastens plant maturity, increases crop yield and increases resistance to disease. The phosphorous content in many soils is not only low, but is often present in forms which are not available for effective plant uptake. In acidic soils particularly, phosphorous may be converted into iron phosphates and/or aluminum phosphates. 

Normal soil phosphorous levels are 1 – 5 ppm. Higher levels are needed to grow crops.
The nitrogen cycle is one of the most essential aspects of soil ecology and chemistry. Nitrogen is essential for the formation of proteins and nucleic acids in plants and, therefore, plants cannot grow without it. It is a component in chlorophyll, improves the quality of leafy crops especially, hastens crop maturity, and is influential in fruit development. All usable nitrogen is absorbed from the plant’s roots (not as the N2 gas form of nitrogen). Nitrogen gas (N2) is converted to ammonia by nitrogen-fixing bacteria and then nitrifying bacteria convert it to nitrites and then nitrates. Some plants can use ammonia but nitrates is the essential form of nitrogen for plants to 
take up. Remember decomposed detritus returns to the nitrogen cycle as ammonia and fertilizers added to the soil are in the form of nitrates.
Normal ammonia levels in soil are 0-5 ppm. (We will not test for ammonia). 
Normal nitrate levels in soil are 5-10 ppm, though the optimum level for crops is 25-30 ppm.

Potassium is another nutrient required by plants, but it often washed away by rain or leaches through the soil with draining water. Therefore it is one of the three common ingredients in fertilizers. Potassium enhances disease resistance by strengthening stalks and stems of plants, contributes to a thicker cuticle (waxy layer) which guards against disease and water loss, controls the turgor pressure within plants to prevent wilting, enhances fruit development, and is involved in the production of amino acids, chlorophyll formation, starch formation, and sugar transport from leaves to roots. If plants don’t get enough potassium their leaves will often become yellow, spotted, and/or curled at the ends.
Potassium levels of 0-80 ppm is considered low for crop production, normal levels are 80-120 ppm, and high levels are 120-160 ppm. 

pH is a measurement of the concentration of H+ ions is measured on a scale from 1 to 14 (where each whole number represents 10x more/less H+ ions). Determining the pH of soil is a simple means by which the production potential or soil fertility can be evaluated. pH affects the plants and animals living in soil. Most of the cells in living things are sensitive to even small changes in pH. The pH of soil can greatly affect the amount of nutrients in the soil also. When the pH of the soil is too low (too acidic or a high concentration of H+ ions), many nutrients become more soluble in water and can easily leach out of the soil and not be available to plants. The value can change slightly for different types of plants, but the ideal pH value for plant growth is 6.0-7.0.

Data Table 5: Soil Fertility Results

	Phosphate (ppm)
	

	Nitrate (ppm)
	

	Potassium (ppm)
	

	pH value
	


FULL LAB REPORT:
As always, refer to the lab report guidelines, but just some reminders…

Introduction:  Include all background information relevant on soil, soil types, nutrients, etc. You may use my written background in the lab as a resource, but you must put your introduction paragraph in your own words. Put this packet out of sight while typing if you’ll be tempted 
Procedure:  Remember this is a paragraph summary of methods, not every little detail

Data/Results:  Your five data tables (this document is on my website if you’d like it) 
     Also, before your data tables, include a brief description of where you obtained your soil!
Analysis of results:  See questions below

Conclusion:  Remember to summarize the conclusions here. Think of writing a profile of your soil by describing its texture, air and water holding capacities, and the soil fertility. (Include the three parts of this paragraph as normal). 
Analysis:
Part A

1. From the quantitative (and qualitative) tests in Part A, what did you determine to be your soil type? Why?
Part B
2. What was the relative difference between the percolation rates of sand, silt, and clay? How did your soil sample compare?
3. What was the relative difference between the porosity of sand, silt, and clay? How did your soil sample compare?

4. What was the relative difference between the water holding capacity of sand, silt, and clay? How did your soil sample compare?

Part C
5. Describe the amount of phosphate in your soil. How can you explain this given the area?

6. Describe the amount of nitrate in your soil. How can you explain this given the area?

7. Describe the amount of potassium in your soil. How can you explain this given the area?

8. Was the pH of your soil ideal? How might the pH affect plant growth in your soil?

9. Based on all the tests in Part C, what can you conclude about the ability to support plant growth (or lack thereof)? Explain. 
