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Introduction

At the beginning of any ecosystem’s energy chain are plants. These plants absorb sunlight and convert it into energy through photosynthesis. In order to do this, these plants must absorb nutrients from the soil they reside in. These nutrients are classified into several categories. The most important nutrients are the primary nutrients or macronutrients, and they include Nitrogen, Phosphorus, and Potassium (NPK). Plants tend to absorb these nutrients the most and therefore they tend to be the ones that are deficient in soils (“13 Essential Nutrients”).  Without these nutrients, plants would be unable to produce the energy they need to survive. With the plants dying off, the animals that feed off them would also die, and these deaths would continue up the food chain until the whole ecosystem is dead. Given all of these facts, the amount of nutrients in the soil of an area is an essential part of that area’s ecosystem. Also, the amount of nutrients in the soil in an area could be measured and compared to the amount in other areas. This could be used to help determine how healthy the ecosystem is. Generally, the more the nutrients, the healthier an ecosystem is. In addition to these nutrients, however, there is another quantity related to soil quality that can be measured: soil pH level. 


Soil pH level is a measure of how acidic of alkaline (basic) the soil is. It can affect how well plants absorb nutrients from the soil, how well they grow, and the population of microorganisms in the soil (Bickelhaupt). The nutrient side of things is what interests me here, so pH levels will be an important thing to know. Optimum nutrient absorption happens at pH levels of around 6 and 7 (Bickelhaupt). As for what factors actually affect pH levels, they include things such as rainfall, dissolved organic compounds, and decomposition of organic matter (Bickelhaupt). So both NPK levels and pH levels are important to plant growth. Now the question is: how do the nutrient contents and pH levels in the tropical rainforests of Belize compare to those of Illinois forests? This is the question I aim to study in this experiment.


 In order to determine how the nutrient and pH levels of Belizean and Illinois soil compare, I'm going to need to test them. To do so, I’m going to take several samples of Belizean rainforest soil and test them for NPK and pH levels. I will also take samples of Illinois forest soil and test them for comparison. I intend to find out if there is a significant difference between the two. I’ve chosen Illinois and Belize because these two, on the surface, have radically different ecosystems. Belize is mainly tropical rainforests; Illinois is mainly plains, farmland, and woods (“Geography of Illinois”). I want to see if this difference extends below ground level. I will be using statistical analysis whenever possible to help supplement my analysis. The statistical analysis that best fits my experiment will be a Two-Sample T-Test or some such equivalent, as I am testing to see how the soil nutrient amount and pH levels in two completely different areas compare. As such, my null hypothesis is that there will be no significant difference in soil nutrient amounts and pH levels between the Belize and Illinois samples. I predict that this null hypothesis will be proven false; as my alternative hypothesis, I predict that that Illinois forest soil will have more nutrients in it than Belizean rainforest soil, as well as lower (more acidic) pH values. This is due to the heavy rains that occur in rainforests washing away nutrients and ions that tend to neutralize the soil. This low amount of nutrients is further caused by the large amount of vegetation in rainforests absorbing a large amount of the nutrients that are not washed away ("The Tropical Rainforest."). Illinois soil, on the other hand, is mostly fertile farmland, and is part of the region known as “America's Corn Belt” (“Geography of Illinois”). Illinois forests are also not as densely packed as Belizean rainforest. As such, I expect that Illinois soil will have more nutrients than Belizean rainforest soil. Illinois forests also tend to get less rain than rainforests, so less nutrients and ions are washed away. 
Materials And Methods
Material Used to Collect Samples:

· Soil Coring Tool 

· 10 LaMotte Soil Sample Bags

· Paper Towels (for wiping off digging implement)

· Camera (optional – to take pictures of sample sites)

· Work or Gardening Gloves (optional)
Materials Used to Perform Tests:

· LaMotte Macronutrient Soil Testing Kit

· Came[image: image1.png]


ra (optional – for taking pictures of test results)

· Source of water to rinse off equipment – Tap water of Sleeping Giant Lodge and Springfield, IL used in this experiment
Procedure Used:

In this experiment, I took 10 samples of soil in each location (Belize and Illinois) and tested each one for nutrient contents. The specific locations I chose were the Medicinal Trail located near the Sleeping Giant Lodge in Belize, and a small forest located near the Sangamon River by South Tower Road, Dawson, Illinois. The data from these individual tests was used to look for differences in nutrient levels and pH values between the two different soils. The method I used to do this involved two major processes: collecting the samples and testing these samples once they were all collected. This procedure was followed for both the Belizean and Illinois samples. The procedure for sample taking was based in part on information from Soil Nutrient Testing: How to Get Meaningful Results and “A Gardener’s Guide to Soil Testing.”

Procedure for Taking Samples

· Step 1: Select the general area where you will be doing your testing. This should be rainforest in Belize and woods in the location chosen for comparison. Once you have chosen a location, prepare your equipment and head inside.

· Step 2: Once you are deep enough to be considered in the forest (as opposed to at the edge), select a location at random to search for a sample site at.  Look for areas that are relatively flat and clear of debris.

· Step 3: Select a place to take the soil core. Try to select a place that is not overly moist, isn't clearly different from the soil around it, and has the least amount of debris.

· Step 4; Once you have selected where to take the soil sample, dig up a sample of soil about an inch in diameter and 6 – 10 inches deep. Place this sample in a plastic bag, removing any large debris such as dead leaves, rocks, etc.

· Step 5: If you have a camera, take a picture of the hole you dug out. Then wipe off the core tool with paper towels. Attempt to remove as much dirt as possible to avoid cross contamination of your samples.

· Step 6: Repeat steps 2 – 5 for however many more samples you wish to take. 

· Step 7: Once you are finished, take all samples you collected and follow the procedure for testing them.

Procedure for Testing Soil Samples

General Testing Procedures

· Unless otherwise stated, all materials mentioned below can be found in the LaMotte Testing Soil Kit

· Step 1: Label test tubes and pipets for use in each test, or have some way to keep the separate.

· Step 2: Rinse out off all testing materials thoroughly before beginning tests. This includes test tubes, caps, and pipets.

· Step 3: Conduct the pH test on your soil sample, as indicated below. Take pictures of end result if your going to.

· Step 4: Conduct the phosphorous test on your sample. Take pictures of end result.

· Step: Conduct the nitrogen test on your sample. Take pictures of end result.

· Step 6: Conduct the potassium test on your sample. Take pictures of solution before and after adding Potassium Test Solution.

· Step 7: Repeat steps 2 – 6 for all additional samples.

Individual Test Procedures

· Based on instructions provided by testing kit.

pH Test:

· Step 1: Fill test tube up to line 4 with pH Indicator Solution. If you pour too much, poor any excess down the drain. Do not put it back in the bottle.

· Step 2: Use the 0.5 gram spoon to add three scoops of your soil sample to the test tube. Cap the tube and shake gently for one minute

· Step 4: Allow time for the solution to settle. The kit recommends 10 minutes.

· Step 5: Match the color of the liquid at the top of the solution in the tube to one on the provided pH color chart.

Phosphorous

· Step 1: Fill test tube up to line 6 with Phosphorous Extracting Solution. Dispose of excess if too much is poured.

· Step 2: Use 0.5 gram spoon to scoop three scoops of soil into the test tube. Cap the tube and shake gently for one minute.

· Step 4: Uncap the tube and allow the soil to settle.

· Step 5: Once the soil has settled significantly, use a pipet to transfer the clear liquid on top of the solution into an empty test tube. Fill the new tube to line three. Try not to extract any soil. If you agitate the soil, wait for it to settle again.

· Step 6: Add six drops of Phosphorous Indicator Reagent to the solution in the second tube (the solution you just extracted, with no soil in it).

· Step 7: Cap and shake the solution. Uncap and add one Phosphorous Test Tablet. Cap and shake until tablet dissolves (when the rattling completely stops, the tablet has dissolved). A blue color may or may not develop.

· Step 8: Match the color of the solution to one on the given phosphorous color chart

Nitrogen

· Step 1: Fill test tube up to line 7 off Nitrogen Extracting Solution. Dispose of excess if too much is poured.

· Step 2: Use 0.5 gram spoon to add two scoops of soil to test tube. Cap the tube and shake gently for one minute.

· Step 3: Uncap the tube and allow the soil to settle. 

· Step 4: Once the soil has settled significantly, use a pipet to transfer the clear liquid on top of the solution into an empty test tube. Fill the new tube to line three. As with phosphorous, try not to extract any soil.

· Step 5: Use 0.25 gram spoon to add two scoops of Nitrogen Indicator Powder to clear solution in second tube (the one with no soil in it).

· Step 5: Cap and shake gently. Stop and wait five minutes.

· Step 6: Compare the color of the solution to the given color chart

Potassium

· Step 1: Fill test tube to line 7 of Potassium Extracting Solution. Dispose of excess if too much is poured.

· Step 2: Use 0.5 gram spoon to add four scoops of soil to the test tube. Cap and shake tube vigorously for one minute.

· Step 3: Uncap and allow soil to settle. We will be extracting a lot of solution, so try to give it a long time to settle.

· Step 4: Once the soil has settled significantly, use a pipet to transfer the clear liquid on top of the solution into an empty test tube. Fill the new tube to line five this time. If you cannot extract enough solution to fill the second tube to line five, dispose of the old solution, and mix a new one using steps 1 – 3.

· Step 5: Add one Potassium Indicator Tablet to the second solution. Cap and mix until the tablet dissolves. The solution should turn purple.

· Step 6: Uncap the solution and start adding drops of Potassium Test Solution, two at a time, while keeping track of how many drops have been added. Swirl the solution between each addition. Keep adding drops until the solution color matches the color of the endpoint indicated on the color chart.
Results
· All test data based on LaMotte Soil Testing kit

· pH test gives ranges from 4.0 to 8.0

· Nitrogen and Phosphorous levels are placed into 4 categories: Trace, Medium, and High based on color. These can be further divided into x subcategories if the color falls between 2 categories: Very Low, Medium-Low, Medium-High, and Very High.

· Potassium levels are based on the number of drops of an indicator solution needed to cause a color change in an indicator. The more drops needed, the less potassium present in the sample.
Belize
	Sample
	pH
	Phosphorous
	Nitrogen
	Potassium

	1
	8.0
	Trace
	Trace
	16 drops

	2
	8.0
	Trace
	Trace
	18 drops

	3
	6.0
	Trace
	Trace
	20 drops

	4
	6.5
	Trace
	Trace
	14 drops

	5
	7.0
	Trace
	Trace
	14 drops

	6
	6.0
	Trace
	Trace
	14 drops

	7
	4.5
	Trace
	Trace
	14 drops

	8
	6.0
	Trace
	Trace
	14 drops

	9
	8.0
	Trace
	Trace
	14 drops

	10
	6.0
	Trace
	Trace
	14 drops

	Average
	6.6
	N/A
	N/A
	15.2 drops

	Median
	6.25
	N/A
	N/A
	14 drops


Illinois
	Sample
	pH
	Nitrogen
	Phosphorous
	Potassium

	1
	6.5
	Trace
	Medium-High
	16 drops

	2
	6.5
	Trace
	Medium-High
	14 drops

	3
	6.0
	Trace
	High
	16 drops

	4
	6.0
	Trace
	Medium-High
	24 drops

	5
	7.0
	Trace
	Medium
	22 drops

	6
	6.5
	Trace
	Medium
	22 drops

	7
	6.5
	Trace
	Medium-Low
	20 drops

	8
	6.5
	Trace
	Medium
	18 drops

	9
	6.5
	Trace
	Medium-High
	16 drops

	10
	6.5
	Trace
	Medium
	16 drops

	Average
	6.55
	N/A
	N/A
	18.4 drops

	Median
	6.5
	N/A
	N/A
	17 drops


Legends
Nitrogen Levels

	Nutrient Level Indicated
	Nutrient Level Range

	Low
	0 – 30 lbs/acre

	Medium
	30 – 60 lbs/acre

	High
	60+ lbs/acre


Phosphorous Levels

	Nutrient Level Indicated
	Nutrient Level Range

	Low
	0 – 50 lbs/acre

	Medium
	50 – 100 lbs/acre

	High
	100+ lbs/acre 


Potassium Levels

	Nutrient Level Indicated
	Nutrient Level Range

	Low (18 drops)
	0 – 120 lbs/acre

	Medium (14 drops)
	120 – 200 lbs/acre

	High (10 drops)
	200+ lbs/acre
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Statistical Data
· Statistical analysis of Nitrogen and Phosphorous levels was not possible due to the soil testing kit I used not giving exact numerical data for these nutrients
pH
t-test
Friday, April 11, 2014, 12:34:40 PM

Mann-Whitney Rank Sum Test


Friday, April 11, 2014, 12:34:40 PM
Group
N 
Missing
 Median 
  25%   
  75%   

Belize
10
0
6.250
6.000
8.000


Illinois
10
0
6.500
6.375
6.625


Mann-Whitney U Statistic= 47.500

T = 102.500  n(small)= 10  n(big)= 10  (P = 0.875)

The difference in the median values between the two groups is not great enough to exclude the possibility that the difference is due to random sampling variability; there is not a statistically significant difference  (P = 0.875)

Potassium (# of drops used)
t-test
Friday, April 11, 2014, 12:36:21 PM

Mann-Whitney Rank Sum Test
Friday, April 11, 2014, 12:36:21 PM

Group
N 
Missing
 Median 
  25%   
  75%   

Belize
10
0
14.000
14.000
16.500


Illinois
10
0
17.000
16.000
22.000


Mann-Whitney U Statistic= 18.500

T = 73.500  n(small)= 10  n(big)= 10  (P = 0.015)

The difference in the median values between the two groups is greater than would be expected by chance; there is a statistically significant difference  (P = 0.015)
Conclusion

Looking at my data it appears that I did not get the results that I was expecting going into this experiment. Only one of the four variables I tested for, phosphorous, ended up giving the results I expected, in this case that Illinois would have more of it. All the other values were either basically the same for both the Belize and Illinois locations, or in the case of potassium, did the opposite of what I expected. I will be analyzing the results for each variable I tested for and drawing conclusions, starting with pH. 


Looking at and comparing the pH level data for the Belizean and Illinois amples before statistical analysis seems to show that the average and median pH levels for both locations are very close. This preliminary analysis points towards the null hypothesis being true and my alternative hypothesis as being false. Running a Mann-Whitney Rank Sum Test on these results yields a P-value of 0.875. Since this value is much greater than 0.1, the null hypothesis is more than likely true. Also, this means that any values for pH that deviate from the average can be accounted for by random chance. What this means overall is my hypothesis was wrong in regards to pH. There is no significant difference between the median pH for the Belize samples and the median pH for the Illinois samples. I can think of a few possible explanations for this. Perhaps the two areas a I chose to sample get similar rainfall levels. Maybe the two areas prevent the ions in the soil from being washed away. Or perhaps the two areas I chose were not the best representations of the ecosystems I was testing. One small anomaly I did notice in the data is that it seemed like the pH values for the Belize soil varied significantly from sample to sample. In the end, however, this “Averaged out”  to a pH of about 6.6. But considering that I chose sample locations at random over a wide area, it might be a good idea to study how pH levels vary from location to location in a rainforest. The data from that experiment could be used to draw more conclusions from the data from this experiment, as it could help take into account these variations.


Next is the analysis of the data for nitrogen levels. Note that due to the limitations of the testing kit I was using, I was unable to get the exact amount of nitrogen in the soil. However, considering the data I did get, this is not an issue in the case. This is because for all samples that I took in both Illinois and Belize, I got only trace amounts of nitrogen. So essentially, there was little to no nitrogen in both sets of samples. These data are conducive to the null hypothesis, as we have what is essentially zero equaling what is essentially zero. So once again, my hypothesis was wrong, because not only did Illinois not have more nitrogen, but there was virtually no difference in the amount of nitrogen at each location. The fact that both levels are equal to zero makes this data slightly weaker, as I may have chosen two locations that don't have any sources of nitrogen. Of course, I did sample over a wide area in Belize, so it seems like this data might be a decent representation. I will note that I sampled over a much narrower area in Illinois, so that may have contribute to the data I got. So perhaps a follow up experiment choosing large areas to test for the presence of nitrogen and seeing just where it is if there is any.


Analysis of phosphorous levels is next. Like nitrogen, I was unable to collect exact numerical data, so I'm limited to non-statistical, broad analysis of the data I collected. However, like nitrogen, there are clear trends. I found that all Belizean samples only had trace amounts of phosphorous. However, the Illinois soil had phosphorous levels ranging from medium-low to high. So basically, while the Belize samples had virtually no phosphorous in them, the Illinois samples had significant amounts, between 50 – 200 lbs/acre. So in this case, my hypothesis was true: the Illinois samples did have more phosphorus in them. How much more I cannot determine from the data I was able to collect. But they did have more. 


They last set of data I need to analyze is the data for potassium levels. Once again, it was not possible to conduct statistical analysis on the nutrient levels themselves. However, due to how the test for potassium works, it is possible to analyze this data indirectly by analyzing the number of drops needed the change the solution color (refer back to potassium test procedure). However, the fact that statistical was performed on something that is proportional to the potassium levels rather than the levels themselves should be kept in mind. Anyway, by just looking at the data, the trend seems to be that the Illinois sample solutions took more drops to change colors. Since the amount of potassium present is inversely proportional to the number of drops used, this means Illinois samples had less potassium in them. This fact goes against both the null hypothesis and my alternative hypothesis. But is the difference due to more than random chance.? A Mann-Whitney Rank Sum Test on the number of drops used yields a P-value of 0.015, which is between 0.01 and 0.05. This means that the statistically, there is a significant difference between the two values that cannot be accounted for by random chance, and that the null hypothesis is more than likely false. So the null hypothesis is not true: there is a significant difference between the values. However, my alternative hypothesis is also false, as the Belizean sample solutions took less drops to change color, on average, than the Illinois solutions, which means the Belizean samples had more potassium. There are potentially several causes for this. Perhaps the plants in the area I tested in Illinois drain potassium faster than the ones in Belize. Perhaps the Illinois area has poorer nutrient cycling. I will note that the Belize samples seemed to have fairly constant potassium levels, while the Illinois soil seemed to vary somewhat.

A possible followup might be testing soil for potassium at multiple locations in Belize and Illinois and seeing which geographic area has more variations in its potassium levels.


Overall, it appears that my hypothesis was mostly wrong. For pH and nitrogen levels, it turns out the null hypothesis was right: there was no significant difference. For potassium, the null hypothesis was wrong and my alternative hypothesis predicted the opposite of what the data indicates. My hypothesis was correct in that phosphorous levels in the Illinois sample were higher than those in the Belize samples. So overall, it appears that using ecosystem to predict soil nutrient and pH levels is not a very good practice to use.
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