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Soil pH and Water Absorption
1.
The student pages with complete instructions for data collection using the LEGO MINDSTORMS NXT can be found on the CD that accompanies this book. See Appendix A for more information.
2.
Soils provide an anchor for plants and chemical elements necessary for growth. The major elements plants obtain from soil are nitrogen, phosphorus, potassium, calcium, magnesium and sulfur. Some other elements that plants obtain from soil, such as iron and molybdenum, are present in much smaller quantities and are called trace elements. The availability of these elements depends not only on the amount but also on the form that is present, on the rate they are released from the soil, and on the pH of the soil. The pH of soil can range from 4.5 to 9.5. Most plants do well in soil with a pH of 6.5. Above 8.5, soil is too alkaline for most plants, and soil with pH less than 3.5 is too acid. A more alkaline soil can reduce the availability of iron and manganese. A lower pH can cause molybdenum deficiency. Soils are mixtures of particles classified as gravel, sand, silt, and loam.

3.
You can provide the soil samples, students can bring samples from home, or they can get samples from the schoolyard. You may desire to test an array of sandy, silty, and clay loams. All samples should be dry.

4.
Show your students how to wash a pH Sensor using a wash bottle filled with distilled water.

5.
Paper towels or coffee filters can be substituted for filter paper.

6.
Students can do Part II (water absorption) while their Part I samples settle.

7.
Some suggestions for containers with holes in the bottom are small plastic flowerpots, cans with holes punched in the bottom, or milk cartons with holes punched in the bottom. If you use a quart-size milk carton with holes, a half-gallon size container could be used for the collector. A funnel does not work well because the drip rate is too slow. 


Students are instructed to allow 60 seconds for the sample to drip through the filter. The actual time needed may vary depending on the container and filter material used. Adjust the time if necessary to match your situation.

8.
Depending on which containers you use, you may wish to employ a ring stand and ring to suspend the container with holes over the one without holes during filtering. However, the flow rate in this experiment is usually reasonably rapid, and the top container can be hand held quite easily.

9.
The “Temporary Storage Solution” used in this experiment is pH 7 buffer solution. It can be purchased from through chemical supply companies’ catalogs, for example the Flinn Scientific, Inc., Chemical & Biological Catalog Reference Manual 2008. Further, Vernier Software & Technology sells a package of capsules for preparing buffer solutions of pH 4, 6, 7, and 10 (Order Code PHB). The “Temporary Storage Solution” can also be prepared using a reciperecipes found in a the CRC, Handbook of Chemistry and Physics.
10.

 The pH Sensor should stand in a buffer solution when not in use to keep it from drying out. 
 One such recipe specifies ingredients mixed in the ratio of 50 mL 0.1 M KH2PO4 to 29.1 mL 0.1 M NaOH. The 0.1 M KH2PO4 requires 13.7 g/liter and 0.1 M NaOH requires 4.0 g per liter of solution.11.

The “Temporary Storage Solution” can be contained in baby food jars or some similar sealable containers. After your students finish using the pH Sensors, you should return them to the small, plastic, buffer-filled bottles supplied by Vernier. The “Temporary Storage Solution” can be sealed and stored in its container for future use.
SAMPLE RESULTS

	Sample Number
	Description
	pH
	Water volume before (mL)
	Water in bottom container (mL)
	Water absorbed (mL)

	1
	Potting soil, very dark in color, small lumps, soft
	6.7
	100
	82
	18

	2
	Garden soil, dried grass, lumps harder and larger
	6.3
	100
	73
	28

	3
	Soil from next to house, very hard, light in color
	7.3
	100
	84
	16


ANSWERS TO QUESTIONS

1.
Answers will vary.

2.
Answers will vary.

3.
See Data and Calculations table.

4.
Answers will vary.

5.
Erosion can be prevented if soil can retain water. It will then not wash away and be lost as readily. The more water a soil can retain, the greater the chance that it will stay where it is.

6.
Some factors making a good soil would be ability to retain water, pH, and minerals and nutrients in the soil.
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