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(3) Describe what you learned in your research.

This section is included in the uploaded Scientific Inquiry document because we had formatting in the section that did not copy into the text box. 

Hypothesis

(4) State your hypothesis. Describe how your hypothesis could help investigate your problem.

This section is included in the uploaded Scientific Inquiry document because we had formatting in the section that did not copy into the text box. 

(5) Identify the independent variables and the dependent variables in your hypothesis.

This section is included in the uploaded Scientific Inquiry document because we had formatting in the section that did not copy into the text box. 

(6) When you developed your hypothesis how did you know it could be tested AND could be proven false by testing?

See the Uploaded File, Experimental Procedures.

Experimental Design

(7) List the materials you used in your experiment. Include technologies you used (e.g., scientific equipment, internet resources, computer programs, multimedia, 

etc.).

See the Uploaded File, Experimental Procedures.

(8) Identify the control group and the constants in your experiment.

This section is included in the uploaded Scientific Inquiry document because we had formatting in the section that did not copy into the text box. 

(9) What was your experimental process? Include each of the steps in your experiment. Include all safety precautions used by your team as step one.

See the uploaded documents for Experiment 1 and 2, along with the Scientific Inquiry document.

Data Collection and Analysis

(10) Present the data you collected and observed in your testing. The use of data tables, charts, and/or graph is encouraged.

See the uploaded documents: Soil Characteristics and Experiment 1 and 2 Data.

(11) Analyze the data you collected and observed in your testing. Does your data support or refute your hypothesis? Do not answer with a yes or no. Explain your 

answer using one of the following prompts: 'Our data supports/refutes the hypothesis because...'

This section is included in the uploaded Scientific Inquiry document because we had formatting in the section that did not copy into the text box. 

(12) Explain any sources of error and how these could have affected your results.

This section is included in the uploaded Scientific Inquiry document because we had formatting in the section that did not copy into the text box. 

Drawing Conclusions

(13) Interpret and evaluate your results and write a conclusion statement that includes the following: Describe what you would do if you wanted to retest or further 

test your hypothesis. Evaluate the usefulness of the data your team collected. What changes would you make to your hypothesis and/or experimental design in the 

future, if any?

This section is included in the uploaded Scientific Inquiry document because we had formatting in the section that did not copy into the text box. 

Uploaded Files:

• [ View ] Experimental Materials and Procedures (By: Advisor, 02/06/2017, .pdf)

The file contains the procedures and materials used on our experiments.

• [ View ] Experiment 1 Data Figures and Tables (By: Advisor, 02/09/2017, .pdf)

Experiment 1 Data Figures and Tables

• [ View ] Experiment 2 Data Figures and Tables (By: Advisor, 02/15/2017, .pdf)

Experiment 2 Data Figures and Tables 

• [ View ] Soil Characteristics (By: Advisor, 02/15/2017, .pdf)

Soil properties (chemical and physical)

• [ View ] Whiz Kids Scientific Inquiry (By: Advisor, 02/21/2017, .pdf)

This document contains the Scientific Inquiry sections (this was done because we had significant formatting throughout the document)

Community Benefit

(1) How could your experiments and data help solve your problem and benefit your community? Describe next steps for further research/experimentation and how 

you have or how you could implement your solution in the future.

Stamp sand is an abundant material in our community. Due to the mining that took place in our community there are some areas of stamp sand along Lake Superior and on 

Torch Lake near our town. Though the Environmental Protection Agency has remediated some areas by spreading topsoil over the stamp sands and planting plants, there 

are some areas still with exposed stamp sand. 

When learning about stamp sands and where they are located, we took a trip to the stamp sands in the town of Gay Michigan. We looked at the vegetation that was growing 

on the stamp sand. This relates to our experiment because we are trying to test which type of plant will grow in the least amount of topsoil. On this trip, we saw where plants 

were already growing in the sands, but we also noticed that there were a lot of barren areas. The regions where plants grew where water pooled or flowed into the area 

bringing not only water, but nutrients too.

Our school participates in the Lake Superior Stewardship Initiative (LSSI). This program “ brings together schools and community partners to prepare K-12 students to 

become knowledgeable citizens concerned about the Lake Superior watershed and actively engaged in stewardship projects in their community.” (LSSI) Students in different 

science classes at our school sample water and soil as part of the Torch Lake Remediation Monitoring program. 
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Because our school is located on Torch Lake where over 50% of the lake’s volume was filled with stamp sand and our school does work monitoring the chemicals in the soil 

and water, our team felt an obligation to complete a project that would have an impact on our school and the greater community. To meet this goal, our team developed a 

cost effective and practical way of remediating the stamp sands.

Our process involved determining which plants would grow best on stamp sands with the least amount of topsoil added. We found that both fescue and red clover grew in 

100% stamp sand. This finding could greatly change how the sands are remediated. Instead of covering the exposed stamp sand with 12 inches of topsoil, which is the 

current method, these plants could be directly planted in the sand. This process would greatly decrease the cost of remediating the sands because the application of topsoil 

would be eliminated. 

Our second experiment involved simulating some of the natural and man-made impacts that can occur on the stamp sands that affect plant growth. We found that the plants 

that were exposed to wind were drier than the others. Many of the plants were wilted and dry. Our wind simulation was actually more intense than what occurs in nature 

because we had wind every day for four hours and no rain. The moisture from rain would have moistened the leaves allowing them to still grow in the presence of wind. The 

alfalfa plants in the high water table were yellow and began to die; while the fescue plants were fine. This would mean that fescue could be planted in a stamp sand area 

where there was a high water table. When a wheel was driven across the stamp sand and plants, as expected the plants died. This would mean that if a stamp sand area 

was to be remediated and bike/four wheelers were expected to drive across them, there would have to be specific trails. The remediation plan could include paths where the 

stamp sand was covered with paving leaving the sides available for plant growth.

Since our school is part of the LSSI, we will be working with them to set up two 10 ft x 10 ft plant test plots (one for Red Fescue and the other for Alfalfa). This work will also 

be presented to the Lake Linden Village Council because they own the land where we would like to have the test plots. Both the LSSI and the village have been supportive of 

student projects in the past. We feel they will be interested in our work and willing to support the testing we developed. The plants would be sown in June and we would 

monitor their growth throughout the summer. If the plants grow like they did in our experiment, we would like to talk with the Michigan Department of Environmental Quality to 

discuss this type of planting method with them. 

We would monitor plant growth, along with weather conditions (rain and wind). We would contact the Houghton County Health Department to find the water table depth. If we 

had plots with different water table depths, we could plant fescue at the location with the higher water table and alfalfa at the lower one. 

The results of this large-scale experiment could change the way stamp sands are remediated that would be much less expensive. Currently, the method to remediate stamp 

sand is to cover the sand with 12 in of topsoil and then plant the seeds. Our method would much less expensive because there would be no topsoil layer. The major cost 

would be obtaining the seeds and sowing them into the soil.

The Whiz Kids completed experiments investigating the direct application of seeds onto stamp sand. We found that alfalfa and fescue would grow well in 100% stamp sand. 

This process has the potential to change how stamp sands are remediated in our area because the seeds could be directly applied without the addition of topsoil. 

Mission Verification

(1) Does your Mission Folder project involve vertebrate testing, defined as animals with backbones and spinal columns (which include humans)? If yes, team must 

complete and attach an IRB approval form.

No

(2) Did your team use a survey for any part of your project? If yes, team must complete and attach a survey approval form.

No

(3) You will need to include an abstract of 250 words or less. As part of the abstract you will need to describe your project and explain how you used STEM (Science, 

Technology, Engineering and Mathematics) to improve your community

Stamp sand is a byproduct of copper mining and was left on the ground. We wanted to determine if red clover, alfalfa, fescue and trefoil could grow on the sands and how 

soil stressors (wind, water table and wheels) affect plant growth. Our procedure involved five soil mixtures of topsoil and stamp sand. Alfalfa and fescue grew well in 100% 

stamp sand which they would grow stamp sand without adding topsoil. Using these plants, we tested how they would grow when the water table was high, there was wind, 

and when wheels travel across the sand . Wind caused the plants and the soil to dry out; the high water table caused alfalfa to turn yellow, but had little impact on fescue, 

and the wheels caused both plants to bend/compact. Since the plants grew in stamp sand and fairly well when they were stressed, we will discuss a test plot proposal for this 

summer with Lake Linden and the Lake Superior Stewardship Initiative. If this is successful, we will propose this process to the Michigan Department of Environmental 

Quality as a way to remediate the sands.

We used SCIENCE to develop our procedure and complete research. We used TECHNOLOGY when we used the soil test kits and we completed our calculations. Our 

ENGINEERING skills improved when we designed (and re-designed) our wheel structure and figured out how to analyze soils. MATH was everywhere in our project. We did 

many calculations on the soils which improved our math and spreadsheet skills.
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Table 2.7. Experiment 1: Mass of Each Seed Type Planted

Mass of Seeds Planted (g)

Stamp Sand 0% 25% 50% 75% 100%

Trefoil 5.05 5.06 5.06 4.98 4.89

Alfalfa 5.05 5.01 5.02 5.01 5.02

Red Clover 5.04 4.98 5.01 5.04 5.01
Red Fescue 5.08 5.03 4.97 5.06 5.00



Table 2.8. Experiment 1 Data and Observations 
Plant Type: Control

Day Date Temp (°C)

Number of Plants in Soil Type (denoted 
by % Stamp Sand) Amount of 

Water (mL) Observations100% 75% 50% 25% 0%
1 Nov.15 22.4 0 0 0 0 0 50
2 Nov.16 23.1 0 0 0 0 0 50
3 Nov.17 23.3 0 0 0 0 0 50
4 Nov18 19.3 0 0 0 0 0 50
8 Nov.21 17.4 0 0 0 0 0 50
9 Nov.22 30.5 0 0 0 0 0 50

10 Nov.23 26.3 1 2 1 0 0 50
11 Nov.25 19.8 0 3 0 0 0 50
13 Nov.27 17.9 0 1 0 0 0 0
14 Nov.28 22.9 0 1 0 0 0 0
15 Nov.29 19.5 0 1 0 0 0 50
16 Nov.30 19.5 0 1 0 0 0 50
17 Dec.1 19.5 0 1 0 0 0 0
18 Dec.2 18.1 0 2 0 0 0 30
21 Dec.5 27.7 0 1 0 0 0 0
22 Dec.6 20.3 0 1 0 0 0 30
23 Dec.7 20.8 1 1 0 0 0 30
24 Dec. 8 21.4 1 1 0 0 0 50
25 Dec. 9 22.6 1 1 0 0 0 20
26 Dec. 10 23.3 1 1 0 0 0 50
30 Dec. 14 23 1 1 0 0 0 50
32 Dec. 16 23.5 1 1 0 0 0 75



Plant Type: Trefoil

Day Date Temp (°C)

Plant Height (cm) in Soil Type (denoted 
by % Stamp Sand) Amount of 

Water (mL) Observations100% 75% 50% 25% 0%
1 Nov.15 22.4 0 0 0 0 0 50
2 Nov.16 23.1 0 0 0 0 0 50
3 Nov.17 23.3 0 0 0 0 0 50
4 Nov18 19.3 0 0 0 0 0 50 Few plants
8 Nov.21 17.4 2 2 2 2 2 50 Few plants
9 Nov.22 30.5 1 1 1 1 1 50 Few plants

10 Nov.23 26.3 2 2 2 2 2 50 Few plants
11 Nov.25 19.8 1.5 1.5 1.5 1.5 1.5 50 Few plants
13 Nov.27 17.9 1.5 2 2 2 2 0 Few plants
14 Nov.28 22.9 1.5 2 2 2 2 0 Few plants
15 Nov.29 19.5 1.5 2 2 2 2 50 Few plants
16 Nov.30 19.5 1.5 2.5 2.5 2.5 2.5 50 Few plants
17 Dec.1 19.5 2 2 2.5 2 2.5 0 Few plants
18 Dec.2 18.1 2 2.5 3 2.5 2.5 30 Few plants
21 Dec.5 27.7 2 2.7 3 2.5 2.5 0 Few plants
22 Dec.6 20.3 2.5 2.7 3 2.5 2.5 30 Few plants
23 Dec.7 20.8 1.5 1 1 0.5 1 30 Few plants
24 Dec. 8 21.4 1.6 1 1 0.6 1 50 Few plants
25 Dec. 9 22.6 1.7 1 1 0.6 1 20 Few plants
26 Dec. 10 23.3 1.7 1 1 0.6 1 50 Few plants
30 Dec. 14 23 0.9 1.4 1.5 0.9 1.6 50 Few plants
32 Dec. 16 23.5 0.9 1.4 1.5 0.9 1.6 75 Few plants



Plant Type: Red Clover

Day Date Temp (°C)

Plant Height (cm) in Soil Type (denoted 
by % Stamp Sand) Amount of 

Water(mL) Observations100% 75% 50% 25% 0%
1 Nov.15 22.4 0 0 0 0 0 50
2 Nov.16 23.1 0 0 0 0 0 50
3 Nov.17 23.3 0 0 0 0 0 50
4 Nov.18 19.4 0.1 0.1 0.1 0.1 0.1 50 plants emerged
8 Nov.21 17.4 1 1 1 1 1 50 plants
9 Nov.22 30.5 2 2 2 2 2 50 plants

10 Nov.23 26.3 2 2 2 2 3 50 plants
11 Nov.25 19.8 1.5 1.5 1.5 1.5 1.5 50 plants
13 Nov.27 17.9 1.5 2 2 2 2 0 plants
14 Nov.28 22.9 1.5 2 2 2 2 0 plants
15 Nov.29 19.5 1.5 2 2 2 2 50 plants
16 Nov.30 19.5 1.5 2.5 2.5 2.5 2.5 50 plants
17 Dec.1 19.5 2 2 2.5 2 2.5 0 plants
18 Dec.2 18.1 2.5 2.5 2.2 2.5 2.5 30 plants
21 Dec.5 27.7 2.7 2.6 2.4 2.5 2.5 0 plants
22 Dec.6 20.3 2.7 2.6 3 2.5 2.5 30 plants
23 Dec.7 20.8 2.5 2.7 3.2 2.5 2.5 50 plants
24 Dec. 8 21.4 2.5 2.7 3.2 2.6 2.5 20 plants
25 Dec. 9 22.5 2.6 2.7 3.2 2.6 2.5 50 plants
26 Dec. 10 23.3 2.6 2.7 3.2 2.6 2.5 50 plants
30 Dec. 14 23 2.4 2.3 3.5 3 2.7 75 plants
32 Dec. 16 23.5 2.4 2.3 3.5 3 2.7 75 plants
35 Dec. 19 23.4 2.4 2.3 3.5 3 2.7 50 plants
36 Dec. 20 25.3 2.4 2.3 3.5 3 2.7 75 plants
37 Dec. 21 23.5 2.4 2.3 3.5 3 2.7 50 plants
40 Dec. 24 21.3 2.4 2.3 3.5 3 2.7 50 plants
43 Dec. 27 21.6 2.4 2.3 3.5 3 2.7 75 plants
46 Dec 30 24.2 2.4 2.3 3.5 3 2.7 50 plants
51 Jan. 4 25.7 2.4 2.3 3.5 3 2.7 50 plants
52 Jan. 5 25.3 2.4 2.3 3.5 3 2.7 50 plants



Plant Type: Alfalfa

Day Date Temp (°C)

Plant Height (cm) in Soil Type (denoted 
by % Stamp Sand) Volume of 

Water (mL) Observations100% 75% 50% 25% 0%
1 Nov.15 22.4 0 0 0 0 0 50
2 Nov.16 23.1 0 0 0 0 0 50
3 Nov.17 23.3 0 0 0 0 0.1 50 plant emerged

4 Nov.18 19.1 0.1 0.1 0.1 0.1 0.1 50
all plants 
emerged

8 Nov.21 17.4 1 1 1 1 1 50

9 Nov.22 30.6 2 2 2 2 2 50

plants 
continued to 
grow.

10 Nov.23 26.3 2 2 2 2 2 50
continued to 
grow one plant

11 Nov.25 19.8 2 2 2 2 2 50 plants

13 Nov.27 17.7 2.5 2 2 2 1 0 plants

14 Nov.28 22.8 2.5 2 2 2 1 0 plants

15 Nov.29 19.5 2.5 2 2 2 1.5 50 plants

16 Nov.30 19.5 2 2 2 2 2 50 plants

17 Dec.1 19.5 2 2 2 2 2 50 plants

18 Dec.2 18.1 2.5 2 2 2 2 30 plants

21 Dec.5 27.7 2.5 2 2 2 2 0 plants

22 Dec. 6 20.3 2.5 2.3 2.2 2 2 30 plants

23 Dec. 7 20.8 2.7 2.5 2.3 2.2 2 30 plants

24 Dec. 8 21.4 2.9 2.4 2.2 2.1 2 50 plants

25 Dec. 9 22.5 2.9 2.4 2.3 2.1 2 20 plants

26 Dec. 10 25.3 2.9 2.4 2.3 2.1 2 50

Watered on 
Saturday, due 
to weather 
predictions, 
snow days M & 
T

30 Dec. 14 23 3 2.5 2.7 2.5 2.2 50 plants

32 Dec. 16 23.5 3 2.7 2.5 2.2 2.2 75 plants

35 Dec. 19 23.4 2.4 2.3 3.5 3 2.7 75 plants

36 Dec. 20 25.3 2.4 2.3 3.5 3 2.7 50 plants

37 Dec. 21 23.5 2.4 2.3 3.5 3 2.7 75 plants

40 Dec. 24 21.3 2.4 2.3 3.5 3 2.7 50 plants

43 Dec. 27 21.6 2.4 2.3 3.5 3 2.7 50 plants

46 Dec 30 24.3 2.4 2.3 3.5 3 2.7 75 plants

51 Jan. 4 25.7 2.4 2.3 3.5 3 2.7 50 plants

52 Jan. 5 25.3 2.4 2.3 3.5 3 2.7 50 plants



Plant Type: Fescue

Day Date Temp (°C)

Plant Height (cm) in Soil Type (denoted 
by % Stamp Sand) Amount Of 

Water (mL) Observations100% 75% 50% 25% 0%
1 Nov.15 22.4 0 0 0 0 0 50
2 Nov.16 23.1 0 0 0 0 0 50
3 Nov.17 23.3 0 0 0 0 0 50
4 Nov.18 19.3 0 0 0 0 0 50
8 Nov.21 30.5 0 0 0 0 0 50
9 Nov.22 26.3 1 1 1 1 1 50 plants emerged

10 Nov.23 26.3 2 2 1 3 2.5 50

plants 
continued to 
grow

11 Nov.25 19.8 2 2 2 3.5 3.5 50 plants

13 Nov.27 18 4 4 4 4 4 0 plants

14 Nov.28 22.9 4 4 4 4 4 0 plants

15 Nov.29 19.5 2.5 2.5 2.5 2.5 2.5 50 plants

16 Nov.30 19.5 4.5 4.5 3 3 3 50 plants

17 Dec.1 19.5 4.5 4.5 4 4 4 50 plants

18 Dec.2 18.1 5 4 4 4.5 4 30 plants

21 Dec.5 27.7 5 4 4 4.7 4 0 plants

22 Dec.6 20.3 5 4 4 4.7 4 30 plants

23 Dec.7 20.8 5 4 4 4.8 4 30 plants

24 Dec. 8 21.4 5 4 4.1 4.9 4 50 plants

25 Dec. 9 22.5 5 4 4.2 4.9 4 20 plants

26 Dec. 10 23.3 5 4 4.2 4.8 4 50 plants

30 Dec. 14 23 5.5 5 5 5.1 5.3 50 plants

32 Dec. 16 23.5 5.5 5 5 5.1 5.3 75 plants

35 Dec. 19 23.4 5.5 5 5 5.1 5.3 75 plants

36 Dec. 20 25.3 5.5 5 5 5.1 5.3 50 plants

37 Dec. 21 23.5 5.5 5 5 5.1 5.3 75 plants

40 Dec. 24 21.3 5.5 5 5 5.1 5.3 50 plants

43 Dec. 27 21.6 5.5 5 5 5.1 5.3 50 plants

46 Dec 30 24.2 5.5 5 5 5.1 5.3 75 plants

51 Jan. 4 25.7 5.5 5 5 5.1 5.3 50 plants

52 Jan. 5 25.3 5.5 5 5 5.1 5.3 50 plants



Table 2.9. Experiment 1 Plant Measurements after the growing period ended
Control

100% Stamp Sand 75% Stamp Sand 50% Stamp Sand 25% Stamp Sand 0% Stamp Sand
Growing Time 
(days) 32 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average
Total Mass in Container (g) 2344.2 1948.5 1756.4 1474.9 1193.4
Weighing Dish Mass (g) 2.4 2.7 2.9 2.7 2.4 2.7 2.9 2.7 2.7 2.7 2.9 2.8 2.4 2.7 2.9 2.7 2.4 2.7 2.9 2.7
Soil and Dish Mass (g) 323.6 468.0 400.0 397.2 695.7 662.5 557.3 638.5 527.3 634.8 585.8 582.6 544.3 477.9 437.4 486.5 814.9 703.0 805.5 774.5
Soil Mass (g) 321.3 465.3 397.1 394.6 693.4 659.8 554.4 635.9 524.6 632.1 582.9 579.9 542.0 475.2 434.5 483.9 812.6 700.3 802.6 771.8
Plant Mass (g) - - - - - - - - - - 0.0 0.0 0.1 0.1 0.0 0.1 - - - -
Overall Plant Length (cm) 10.0 - 7.8 8.9 - - - - - - 6.5 6.5 11.3 7.4 9.0 9.2 - - - -
Above Ground Plant 
Length (cm) 4.5 - 2.5 3.5 - - - - - - 1.5 1.5 1.3 2.1 4.0 2.5 - - - -

Root Length (cm) 5.5 - 5.3 5.4 - - - - - - 5.0 5.0 10.0 5.3 5.0 6.8 - - - -
Soil Area (cm2) 53.5 54.5 61.4 56.4 48.8 65.3 49.7 54.6 55.5 50.8 60.2 55.5 65.0 53.4 58.2 58.8 57.8 68.6 60.8 62.4
Number of Plants 1 - 2 1.5 0 0 0 0.0 0 0 1 1.0 3 4 1 2.7 0 0 0 0.0
Plant Density (# 
plants/cm2) 0.02 - 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.05 0.07 0.02 0.05 0.00 0.00 0.00 0.00

Trefoil
100% Stamp Sand 75% Stamp Sand 50% Stamp Sand 25% Stamp Sand 0% Stamp Sand

Growing Time 
(days) 32 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average

Total Mass in Container (g) 2292.9 1959.7 1663.0 1559.1 1166.3
Weighing Dish Mass (g) 209.7 289.4 342.0 280.4 209.7 289.4 342.0 280.4 209.7 289.4 342.0 280.4 209.7 289.4 342.0 280.4 209.7 289.4 342.0 280.4
Soil and Dish Mass (g) 896.8 1007.5 1212.4 1038.9 827.5 842.3 1122.1 930.6 645.5 923.8 916.8 828.7 671.0 831.2 876.6 792.9 517.6 628.8 818.7 655.0
Soil Mass (g) 687.1 718.1 870.4 758.5 617.8 552.9 780.1 650.3 435.8 634.4 574.8 548.3 461.3 541.8 534.6 512.6 307.9 339.4 476.7 374.7
Plant Mass (g) 0.5 0.3 0.1 0.3 0.1 0.4 0.3 0.2 0.1 0.0 1.5 0.6 0.4 0.6 1.7 0.9 1.1 3.3 8.0 4.2
Overall Plant Length (cm) 4.3 3.7 5.5 4.5 3.2 3.3 4.0 3.5 4.2 3.8 9.2 5.7 4.3 8.8 10.0 7.7 8.3 7.8 9.2 8.4
Above Ground Plant 
Length (cm) 0.8 1.0 0.7 0.8 0.5 1.0 1.0 0.8 1.3 0.8 2.0 1.4 1.2 1.8 2.0 1.7 1.3 1.5 2.5 1.8

Root Length (cm) 3.5 2.7 4.8 3.7 2.7 2.3 3.0 2.7 2.8 3.0 7.2 4.3 3.2 7.0 8.0 6.1 7.0 6.3 6.7 6.7
Tallest Plant (cm) 12.0 6.0 7.0 8.3 5.0 6.5 6.5 6.0 6.5 5.5 11.5 7.8 11.0 9.5 11.5 10.7 10.5 10.5 15.5 12.2
Smallest Plant (cm) 2.0 2.5 2.0 2.2 1.0 2.0 1.5 1.5 2.5 2.0 4.0 2.8 2.5 3.0 2.0 2.5 1.5 1.0 3.0 1.8
Soil Area (cm2) 55.8 54.9 53.1 54.6 56.1 57.0 58.9 57.3 53.0 71.4 60.2 61.5 56.8 62.7 53.9 57.8 49.9 74.9 15.8 46.9
Number of Plants 49.0 18.0 10.0 25.7 18.0 27.0 11.0 18.7 6.0 2.0 18.0 8.7 16.0 13.0 12.0 13.7 21.0 36.0 38.0 31.7
Plant Density (# 
plants/cm2) 0.9 0.3 0.2 0.5 0.3 0.5 0.2 0.3 0.1 0.0 0.3 0.1 0.3 0.2 0.2 0.2 0.4 0.5 2.4 1.1



Alfalfa
100% Stamp Sand 75% Stamp Sand 50% Stamp Sand 25% Stamp Sand 0% Stamp Sand

Growing Time 
(days) 52 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average

Total Mass in Container (g) 2446.3 1930.0 1639.6 1415.0 1235.0
Weighing Dish Mass (g) 211.1 290.4 342.1 281.2 307.0 302.7 309.0 306.2 307.0 302.7 309.0 306.2 307.0 302.7 309.0 306.2 307.0 302.7 309.0 306.2
Soil and Dish Mass (g) 798.7 1006.9 1282.8 1029.5 792.5 1005.9 1030.9 943.1 720.1 742.0 888.8 783.6 634.5 769.5 717.6 707.2 719.0 - 745.3 732.2
Soil Mass (g) 587.6 716.5 940.7 748.3 485.5 703.2 721.9 636.9 413.1 439.3 579.8 477.4 327.5 466.8 408.6 401.0 412.0 - 436.3 424.2
Plant Mass (g) 4.1 16.8 12.3 11.1 1.7 1.6 3.8 2.4 2.4 3.7 4.9 3.6 1.0 5.9 14.0 7.0 2.6 9.4 2.5 4.8
Overall Plant Length (cm) 7.0 5.0 6.7 6.2 4.5 7.8 8.7 7.0 7.2 5.3 11.7 8.1 5.8 7.7 12.7 8.7 11.3 8.3 11.3 10.3
Above Ground Plant 
Length (cm) 1.5 2.0 1.5 1.7 3.2 2.5 2.7 2.8 3.2 3.1 4.0 3.4 2.3 2.3 3.3 2.7 2.3 2.0 2.5 2.3

Root Length (cm) 5.5 3.0 5.2 4.6 1.3 5.3 6.0 4.2 4.0 2.2 7.7 4.6 3.5 5.3 9.3 6.1 9.0 6.3 8.8 8.1
Tallest Plant (cm) 10.5 16.0 11.0 12.5 8.5 12.0 11.0 10.5 20.0 15.0 17.5 17.5 8.0 21.0 23.0 17.3 15.5 15.0 17.5 16.0
Smallest Plant (cm) 3.5 2.0 3.0 2.8 3.0 3.0 5.0 3.7 4.0 3.0 6.0 4.3 3.5 2.0 1.0 2.2 2.5 3.0 4.5 3.3
Soil Area (cm2) 61.8 65.0 1086.5 404.4 57.0 57.0 66.5 60.2 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 63.0 65.0 70.0 66.0
Number of Plants 74.0 122.0 133.0 109.7 43.0 77.0 57.0 59.0 57.0 26.0 47.0 43.3 42.0 53.0 32.0 42.3 43.0 24.0 47.0 38.0
Plant Density (# 
plants/cm2) 1.2 1.9 0.1 1.1 0.8 1.4 0.9 1.0 0.9 0.4 0.7 0.7 0.6 0.8 0.5 0.7 0.7 0.4 0.7 0.6

Red Clover
100% Stamp Sand 75% Stamp Sand 50% Stamp Sand 25% Stamp Sand 0% Stamp Sand

Growing Time 
(days) 52 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average

Total Mass in Container (g) 2309.6 1862.6 1604.2 1456.2 1221.2
Weighing Dish Mass (g) 211.1 290.4 342.1 281.2 211.1 290.4 342.1 281.2 211.1 290.4 342.1 281.2 211.1 290.4 342.1 281.2 211.1 290.4 342.1 281.2
Soil and Dish Mass (g) 969.9 909.0 1222.1 1033.7 748.2 879.5 1022.6 883.4 657.4 803.8 924.4 795.2 594.2 802.8 834.8 743.9 542.1 742.7 710.1 665.0
Soil Mass (g) 758.8 618.6 880.0 752.5 537.1 589.1 680.5 602.2 446.3 513.4 582.3 514.0 383.1 512.4 492.7 462.7 331.0 452.3 368.0 383.8
Plant Mass (g) 5.0 3.2 3.3 3.8 2.9 4.4 3.4 3.6 7.4 10.3 9.0 8.9 4.2 9.9 24.9 13.0 5.8 15.4 12.5 11.3
Overall Plant Length (cm) 4.0 4.3 5.5 4.6 3.8 3.3 5.0 4.1 4.8 5.2 9.7 6.6 9.0 11.3 11.0 10.4 9.2 8.3 11.3 9.6
Above Ground Plant 
Length (cm) 1.5 1.0 1.7 1.4 1.5 1.3 1.5 1.4 1.5 1.5 2.0 1.7 2.2 3.5 3.0 2.9 3.3 4.3 3.8 3.8

Root Length (cm) 2.5 3.3 3.8 3.2 2.3 2.0 3.5 2.6 3.3 3.7 7.7 4.9 6.8 7.8 8.0 7.6 5.8 4.0 7.5 5.8
Tallest Plant (cm) 6.0 6.5 7.0 6.5 8.0 13.0 11.0 10.7 10.5 9.2 14.0 11.2 15.0 14.0 21.0 16.7 18.0 17.0 15.0 16.7
Smallest Plant (cm) 2.0 1.5 2.0 1.8 1.0 1.5 1.5 1.3 1.5 1.0 1.5 1.3 3.0 2.0 2.5 2.5 6.0 0.9 5.0 4.0
Soil Area (cm2) 65.0 65.0 67.0 65.7 61.2 87.8 62.6 70.5 64.3 67.3 64.9 65.5 71.4 67.2 69.3 69.3 65.1 66.2 67.2 66.2
Number of Plants 118.0 198.0 115.0 143.7 94.0 127.0 153.0 124.7 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0
Plant Density (# 
plants/cm2) 1.8 3.0 1.7 2.2 1.5 1.4 2.4 1.8 3.1 3.0 3.1 3.1 2.8 3.0 2.9 2.9 3.1 3.0 3.0 3.0



Fescue
100% Stamp Sand 75% Stamp Sand 50% Stamp Sand 25% Stamp Sand 0% Stamp Sand

Growing Time 
(days) 52 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average

Total Mass in Container (g) 2301.6 1944.9 1728.5 1450.1 1230.7
Weighing Dish Mass (g) 305.4 306.7 300.0 304.0 305.4 306.7 300.0 304.0 305.4 306.7 300.0 304.0 305.4 306.7 300.0 304.0 305.4 306.7 300.0 304.0
Soil and Dish Mass (g) 993.3 882.6 1220.0 1032.0 892.4 950.8 637.1 826.8 739.4 832.1 721.6 764.4 702.6 775.3 813.5 763.8 617.6 731.9 727.5 692.3
Soil Mass (g) 687.9 575.9 920.0 727.9 587.0 644.1 337.1 522.7 434.0 525.4 421.6 460.3 397.2 468.6 513.5 459.8 312.2 425.2 427.5 388.3
Plant Mass (g) 13.3 20.4 34.7 22.8 19.9 33.1 22.8 25.3 23.7 26.7 36.3 28.9 15.0 10.6 19.2 14.9 7.7 13.1 10.6 10.4
Overall Plant Length (cm) 13.2 11.7 11.5 12.1 10.5 10.0 15.3 11.9 16.5 14.3 15.3 15.4 16.0 11.7 8.3 12.0 10.2 10.8 13.0 11.3
Above Ground Plant 
Length (cm) 7.2 7.0 5.8 6.7 6.8 8.7 8.8 8.1 7.3 8.7 8.2 8.1 10.0 8.7 7.5 8.7 4.7 6.8 7.2 6.2

Root Length (cm) 6.0 4.7 5.7 5.4 3.7 1.3 6.5 3.8 9.2 5.7 7.2 7.3 6.0 3.0 0.8 3.3 5.5 4.0 5.8 5.1
Tallest Plant (cm) 15.5 20.0 15.0 16.8 17.0 13.0 18.0 16.0 18.0 19.5 23.5 20.3 18.5 15.0 12.0 15.2 22.0 18.0 19.5 19.8
Smallest Plant (cm) 3.5 3.0 3.0 3.2 3.5 7.0 6.0 5.5 9.0 3.0 4.0 5.3 4.0 6.0 5.0 5.0 3.5 5.0 5.5 4.7
Soil Area (cm2) 61.8 61.8 61.8 61.8 57.0 61.8 66.5 61.8 61.8 61.8 61.8 61.8 61.8 61.8 66.5 63.3 61.8 61.8 61.8 61.8
Number of Plants 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0
Plant Density (# 
plants/cm2) 3.2 3.2 3.2 3.2 3.5 3.2 3.0 3.3 3.2 3.2 3.2 3.2 3.2 3.2 3.0 3.2 3.2 3.2 3.2 3.2
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Figure 2.2a. Experiment 1 Trefoil Plant Growth 
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Figure 2.2b. Experiment 1 Alfalfa Plant Growth
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Figure 2.2c. Experiment 1 Red Clover Plant Growth 
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Figure 2.3b. Experiment 1 Alfalfa Tallest and 
Smallest Plant Comparison
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Figure 2.3c. Experiment 1 Red Clover Tallest and 
Smallest Plant Comparison
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Table 2.10. Experiment 2:  Mass of Each Seed Type Planted

Plant Type

Mass of Seeds Planted (g)

Control High Water 
Table Wind Tire 

Erosion
Alfalfa 10 10 10 10
Red Fescue 10 10 10 10



Table 2.11. Experiment 2 Data and Observations
Plant Type: Alfalfa

Day Date Temp (°C)
Plant Height (cm)

Amount of 
Water (mL)

Observations

Control Water 
Table

Tire 
Erosion Wind Water Table Tire Erosion Wind

1 01-10-2017 - - - - - 75
2 01-11-2017 - - - - - 75
3 01-12-2017 21.4 0 0 0 0 100
4 01-13-2017 23.6 1 1 1 1 75
5 01-14-2017 - - - - - Sat.
6 01-15-2017 - - - - - Sun.
7 01-16-2017 25.4 1 1 1 1 125
8 01-17-2017 26 1 1 1 1 100
9 01-18-2017 25.1 1.5 1.5 1.5 1.5 100

10 01-19-2017 23.9 1.5 1.5 1.5 1.5 -
11 01-20-2017 24.2 1.5 1.5 1.5 1.5 -
12 01-21-2017 - - - - - Sat.
13 01-22-2017 - - - - - Sun.
14 01-23-2017 23.3 1.5 1.5 1.5 1.5 100
15 01-24-2017 24 3 3 3 3 100
16 01-25-2017 22.9 4 4 4 4 100

17 01-26-2017 22.2 5 5 5 5 100 Water level decreased as 
water filled the soil

Hard to push wheel through plants, 
plants at the front are pushed down

The wind stressor will start tomorrow. 
It will operate form  6-10AM

18 01-27-2017 23.6 5 5 5 5 100
19 01-28-2017 - - - - - Sat.
20 01-29-2017 - - - - - Sun.
21 01-30-2017 23.6 5 5 5 5 100
22 01-31-2017 22.5 5 5 5 5 100

23 02-01-2017 22.5 5 5 5 5 100 Some of the plants are 
yellow

The plants are bent where the wheels 
are driving over them

The plants are blown down in the 
direction of the wind

24 02-02-2017 24.5 6 6 6 5 100
25 02-03-2017 23.3 7 7 6 5 100
26 02-04-2017 - - - - - Sat.
27 02-05-2017 - - - - - Sun.
28 02-06-2017 24.7 6 7 6 5 100
29 02-07-2017 24.5 6 7 6 5 100
30 02-08-2017 24.6 6 7 6 5 100



Plant Type: Fescue

Day Date Temp (°C)
Plant Height (cm) 

Amount of 
Water (mL)

Observations

Control Water 
Table

Tire 
Erosion Wind Water Table Tire Erosion Wind

1 01-10-2017 - - - - - -
2 01-11-2017 - - - - - 75
3 01-12-2017 21.4 3 3 3 3 100
4 01-13-2017 32.6 3 3 3 3 75
5 01-14-2017 - - - - - Sat.
6 01-15-2017 - - - - - Sun.
7 01-16-2017 25.9 3 3 3 3 125
8 01-17-2017 26 3 3 3 3 100
9 01-18-2017 25.1 4 4 4 4 100

10 01-19-2017 23.9 4 4 4 4 -
11 01-20-2017 24.2 4 4 4 4 -
12 01-21-2017 - - - - - Sat.
13 01-22-2017 - - - - - Sun.
14 01-23-2017 23.3 4 4 4 4 100
15 01-24-2017 24 6 6 6 6 100
16 01-25-2017 22.9 6 6 6 6 100

17 01-26-2017 22.2 7 7 7 7 100 Water level decreased as 
water filled the soil

Hard to push wheel through plants, 
plants at the front are pushed down

The wind stressor will start tomorrow. 
It will operate form  6-10AM

18 01-27-2017 23.6 7 7 7 7 100
19 01-28-2017 - - - - - Sat.
20 01-29-2017 - - - - - Sun.
21 01-30-2017 23.6 7 7 7 7 100
22 01-31-2017 22.5 7 7 7 7 100

23 02-01-2017 22.5 7 7 7 7 100 Some of the plants are 
yellow

The plants are bent where the wheels 
are driving over them

The plants are blown down in the 
direction of the wind

24 02-02-2017 24.5 8 8 7 6 100
25 02-03-2017 23.3 9 9 6 6 100 Fescue seems more resistant, than alfalfa does, to all of the stressors 
26 02-04-2017 - - - - - Sat.
27 02-05-2017 - - - - - Sun.
28 02-06-2017 24.7 9 9 6 6 100
29 02-07-2017 24.5 9 9 6 6 100
30 02-08-2017 24.6 9 9 6 6 100



Table 2.11 Experiment 2 Plant Measurements after the growing period ended
Plant: Alfalfa Control Water Table Wind Tire Erosion
Growing Time 
(days) 30 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average

Total Mass in Container (g) 2723.5 2952.4 2341.0 2885.1
Container Mass (g) 82.0 131.2 78.6 116.1
Weighing Dish Mass (g) 208.7 288.6 341.3 279.5 208.7 288.6 341.3 279.5 208.7 288.6 341.3 279.5 208.7 288.6 341.3 279.5
Soil and Dish Mass (g) 975.3 950.1 1,314.8 1,080.1 1,045.7 701.2 1,410.3 1,052.4 825.2 828.5 1,303.6 985.8 887.6 1,189.9 1,253.0 1,110.2
Soil Mass (g) 766.6 661.5 973.5 800.5 837.0 412.6 1,069.0 772.9 616.5 539.9 962.3 706.2 678.9 901.3 911.7 830.6
Plant Mass (g) 80.9 86.3 62.9 62.9 151.9 187.8 173.3 173.3 80.1 53.3 54.2 54.2 72.9 98.6 95.7 95.7
Overall Plant Length (cm) 9.8 8.8 7.2 8.6 10.6 9.3 10.5 10.1 10.7 11.7 9.5 10.6 10.3 9.5 6.6 8.8
Above Ground Plant Length (cm) 4.3 6.2 5.3 5.3 6.6 6.3 7.2 6.7 6.0 5.8 5.3 5.3 5.5 5.3 4.3 5.1
Root Length (cm) 5.5 2.7 1.8 3.3 4.0 3.0 3.3 3.4 4.7 5.8 4.2 4.2 4.8 4.1 2.2 3.7
Longest Plant (cm) 13.0 14.5 13.0 13.5 8.0 13.0 11.0 10.7 11.5 12.5 13.0 13.0 13.0 11.5 12.5 12.3
Shortest Plant (cm) 7.0 5.5 6.0 6.2 7.0 8.5 7.0 7.5 7.0 6.5 6.0 6.0 6.0 4.5 5.0 5.2
Number of Plants 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0
Soil Area (cm2) 64.9 67.0 65.9 65.9 67.8 67.8 71.0 68.9 68.3 68.3 68.3 68.3 68.3 66.2 72.5 69.0
Plant Density (# plants/cm2) 3.1 3.0 3.0 3.0 2.9 2.9 2.8 2.9 2.9 2.9 2.9 2.9 2.9 3.0 2.8 2.9

Plant: Fescue Control Water Table Wind Tire Erosion
Growing Time 
(days) 30 1 2 3 Average 1 2 3 Average 1 2 3 Average 1 2 3 Average

Total Mass in Container (g) 2414.0 3034.5 2379.4 2536.2
Container Mass (g) 82.2 95.0 79.3 92.3
Weighing Dish Mass (g) 304.8 299.2 305.8 303.3 304.8 299.2 305.8 303.3 304.8 299.2 305.8 303.3 304.8 299.2 305.8 303.3
Soil and Dish Mass (g) 1011.2 963.0 997.3 990.5 1126.3 864.5 1196.6 1062.5 892.6 1058.6 1068.1 1006.4 952.2 952.8 1154.8 1019.9
Soil Mass (g) 706.4 663.8 691.5 687.2 821.5 565.3 890.8 759.2 587.8 759.4 762.3 703.2 647.4 653.6 849.0 716.7
Plant Mass (g) 111.9 88.8 111.1 111.1 221.3 138.0 252.7 252.7 58.9 85.5 92.8 92.8 103.8 155.4 82.5 82.5
Overall Plant Length (cm) 11.8 11.5 12.2 11.8 12.0 11.5 8.7 10.7 12.5 13.7 12.5 12.9 11.8 13.8 16.0 13.9
Above Ground Plant Length (cm) 7.2 8.3 7.7 7.7 9.3 8.5 6.3 8.1 7.0 8.5 7.2 7.2 7.5 9.2 10.7 9.1
Root Length (cm) 4.7 3.2 4.5 4.1 2.7 3.0 2.3 2.7 5.5 5.2 5.3 5.3 4.3 4.7 5.3 4.8
Longest Plant (cm) 16.0 18.5 18.5 17.7 15.0 14.0 17.0 15.3 17.5 15.5 13.5 13.5 19.5 18.0 19.5 19.0
Smallest Plant (cm) 8.0 7.5 6.0 7.2 7.0 6.5 4.5 6.0 8.0 8.0 10.0 10.0 6.0 5.0 5.5 5.5
Soil Area (cm2) 61.8 61.8 61.8 61.8 66.5 57.0 61.8 61.8 52.3 66.5 66.5 66.5 61.8 71.3 57.0 63.3
Number of Plants 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0 200.0
Plant Density (# plants/cm2) 3.2 3.2 3.2 3.2 3.0 3.5 3.2 3.2 3.8 3.0 3.0 3.0 3.2 2.8 3.5 3.2
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Figure 2.5. Experiment 2 Plant Mass 
after Growing in Different Soils 

Alfalfa Fescue
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Figure 2.6a. Experiment 2 Alfalfa Plant Growth
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Figure 2.6b. Experiment 2 Fescue Plant Growth
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Figure 2.7a. Experiment 2 Alfalfa Tallest and Smallest 
Plant Comparison
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Figure 2.7b. Experiment 2 Fescue Tallest and 
Smallest Plant Comparison
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Figure 2.8. Experiment 2 Plant Density after 
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Table 2.5. Soil Poperties and Chemical Analysis Table 2.5a. Soil Porosity Calculations
Chemical Concentration (lbs/acre) Stamp Sand 0% 25% 50% 75% 100%

Stamp Sand 0% 25% 50% 75% 100% Initial Volume (mL) 100 100 100 100 100

pH 5.5 5.5 6 6 6.5 Volume Remaining (mL) 84 80 82 82 84
Potassium 
(lbs/acre) 110 80 Pore Space (mL) 16 20 18 18 16

Nitrogen  
(lbs/acre) 100 60 60 100 10 Porosity (%) 16% 20% 18% 18% 16%

Phosphorus 
(lbs/acre) 200 200 150 200 150

Porosity (%) 16% 20% 18% 18% 16%

Initial Moisture 
Content (%) 19% 1% 3% 2% 11%

Final Moisture 
Content (%)

21% 11% 7% 5% 3%

Table 2.5b. Soil Moisture Content
Initial Soil Conditions (Control) Final Soil Conditions (Control)

Stamp Sand 0% 25% 50% 75% 100% Stamp Sand 0% 25% 50% 75% 100%
Wet soil (g) 53.6 65.3 64.3 76.4 87.7 Wet soil (g) 50.3 68.7 69.8 73.6 79.1

Dry soil (g) 48.3 64.7 63.2 75.1 81.2 Dry soil (g) 45.2 64.1 66.7 71.0 77.3

Canister mass (g) 20.4 20.8 20.9 20.9 20.9 Canister 
mass (g) 20.8 20.9 20.4 20.9 20.9

Canister # 3 1 4 5 2 Canister # 1 2 3 4 5

Initial Moisture 
Content (%) 19.0% 1.3% 2.5% 2.4% 10.9%

Final 
Moisture 
Content (%)

20.9% 10.6% 6.8% 5.2% 3.2%
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Figure 2.1. Whiz Kids Soil Particle Size Distribution
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Figure 2.2. Whiz Kids Soil Texture Triangle
based on 0%, 25%, 50%, 75%, 100% Stamp Sand with 
remaining fraction as top soil (Soil Science Lab Manual)
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