The Effect of Different Concentrations of Baking Soda-Water Base Solution (pH 8) Placed in Soil on the Soil Preference of Pillbugs
Abstract   
	Armadillidium Vulgare, the common pillbug, is a crustacean and requires a wide range of conditions to meet habitat needs. In the present experiment, one condition was focused on, the concentration of a base solution [baking soda-water solution (pH 8)] in soil most preferred by pillbugs.  3 different concentrations were administered, 10g of baking soda/40mL of tapwater, 20g/40mL, and 30g/40mL. Control used 40mL of tapwater without baking soda. 10mL was extracted from the base solutions and Control and placed into 4 samples of soil (35g) and then pillbugs were allowed to move to a soil sample of preference. Because the pillbug is a crustacean and other crustaceans have the ability live in a pH 8.2 habitat (ocean) (Goldberg, M., 2007), it was inferred that the pillbug will most prefer the concentration of 30g/40mL that has approximately the pH of 8.2 (pH slightly increases with increasing concentrations), and thus the hypothesis was proposed, the soil containing 30g/40mL base solution would be most preferred by pillbugs because it most closely imitates the pH 8.2 ocean environment where other crustaceans can inhabit. Results supported the hypothesis indicating that the 30g/40mL base solution was preferred the most. Overall, it can be concluded that although pillbugs naturally inhabit acidic forest floors (Goldberg, M), the ability and preference to live in basic conditions (pH 8.2) was still retained. Despite adaptations to acidic soil, pillbugs may still retain inherited characteristics allowing preference of basic soil, a habitat similar in pH to the marine habitats of other crustaceans.  
Background Information    
	Pillbugs are crustaceans that typically inhabit the acidic soil of the forest floor and are shown to prefer acidic environments over neutral environments (pH 7). However, marine crustaceans, shrimp, crabs, etc. that are relatives of pillbugs, inhabit ocean environments that are basic (pH 8.2). (Goldberg, M., 2007). Therefore, it was proposed to test the pillbug response and preference of base solutions in accordance to the  research question, how does changing the concentration of the baking soda-water base solution (pH 8) placed in soil affect the soil preference of pillbugs? Three concentrations of baking soda-water solutions were prepared including 10g/40mL, 20g/40mL, and 30g/40mL. Control contained 40mL of tapwater without baking soda treatment.  
	Other habitat needs of pillbugs were taken in account for as controlled variables (constants) in the present experiment. Soil samples were kept moist due to that pillbugs have gills and cannot survive without the presence of water. (University of Arizona, 1997). In addition, soil was used during testing because it was the natural habitat of the pillbugs.   
	Results that indicated most pillbug preference of 30g/40mL solution (pH 8.2) can be explained by that marine crustaceans, relatives of pillbugs, can inhabit basic environments (pH 8.2). The results also showed no pillbug preference of Control, which corresponds to data of other research observing pillbug preference towards acidic soil instead of neutral soil (pH 7). (Goldberg, M., 2007). These results help to conclude that pillbugs have preferences of basic and acidic soil due to inherited characteristics that are prevalent in other marine crustaceans and adaptations to the environment, respectively.       

Design      
	The purpose of this study can be outlined by the proposed research question, how does changing the concentration of the baking soda-water base solution (pH 8) placed in soil affect the soil preference of pillbugs? From the three concentrations used, 10g/30mL, 20g/40mL, 30g/40mL, in addition to Control, 30g/40mL was inferred to be the concentration of preference due to pH similarity with the ocean where other marine crustaceans inhabit. Thus, the hypothesis proposed was, the soil containing the 30g/40mL base solution would be most preferred by pillbugs because it most closely imitates the pH 8.2 ocean environment where other crustaceans can inhabit. (Goldberg, M., 2007). The independent variable in this experiment was the different concentrations of baking soda-water base solutions placed in soil samples. The dependent variable was pillbug preference of soil samples. Controlled variables (constants) included the approximate same acidity of the base solutions: pH 8; the same amount of water used to create the base solutions and Control: 40mL; the same amount of base solutions and Control extracted and injected into the soil samples: 10mL; and the same amount of soil in each of the 4 soil samples: 35g.    
	Materials and equipment used during experimentation included, 10 pillbugs, 4 samples of soil (35g each), 3 different amounts of Arm & Hammer baking soda: 10g, 20g, and 30g, 4 containers of tapwater (40mL each), indicators (measuring pH), dropper pipettes, 1 paper plate, graduated cylinders, and beakers.     
	Experimental setup was as followed: 4 samples of soil (35g) with injected 10mL of base solutions and Control were arranged on a paper plate. Special care was taken to keep samples separate. An open space in the center of the plate was intentionally left to allow placement of pillbugs and subsequently, allow pillbug movement to the soil sample of preference. 3 different concentrations of base solutions were made, 10g/40mL, 20g/40mL, and 30g/40mL. The acidity of base solutions was overall maintained – the pH stayed within the range of 8 (pH increases with increasing concentrations). Moisture within the soil samples was controlled: 10mL of base solutions and Control was extracted with dropper pipettes and placed in the soil samples. The amount of tapwater used to create base solutions and Control was kept uniform, at 40mL. A diagram of experimental setup can seen in the Scientific Investigation packet.
	The following was the procedure for experimentation:   
1. 10g, 20g, and 30g of Arm & Hammer baking soda along with 4 beakers containing 40mL of tapwater each were obtained. 
2. 10g, 20g, and 30g of baking were placed in the 3 beakers of tapwater creating base solutions with concentrations of 10g (baking soda)/40mL (tapwater), 20g/40mL, and 30g/40mL. Control received no treatment of baking soda and contained only 40mL of tapwater. 
3. The 3 base solutions were homogenized by stirring for 1 min. each and then were tested of pH to be approximately 8 with indicators.
4. 4 samples of soil were obtained (35g each). 
5. 10mL was extracted from the base solutions and Control using dropper pipettes and placed in the 4 samples of soil.  
6. The soil samples containing base solutions and Control were individually mixed for 1 min. 
7. A paper plate was obtained and the 4 samples of soil containing the base solutions and Control were arranged upon it. Special care was taken to keep soil samples separate. An open space was left in the center of the plate to place the pillbugs. 
8. A pillbug was placed in the center and then allowed to move to the soil sample of preference. 1 min. within a specific soil sample determined the pillbug’s preference of that soil sample. 
9.  Step 8 was performed 9 times for the remaining 9 pillbugs. 
10. Soil sample preference of pillbugs was recorded in a table and then data analysis was performed in the form of a bar graph.     
Data Collection and Processing  
[image: ]	From the results, soil containing 30g/40mL base solution was most preferred by pillbugs followed by 20g/40mL, 10g/40mL, and Control, in order. The table and bar graph have no error since the experiment was a one-time test and did not continue for several days.   
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Conclusion and Evaluation  
	The present experiment sought to find the base solution concentration out of 10g/40mL, 20g/40mL, and 30g/40mL (or Control) most preferred by pillbugs. The results that showed most pillbug preference of the concentration 30g/40mL indicates an acceptance of the hypothesis, the soil containing the 30g/40mL base solution would be most preferred by pillbugs because it most closely imitates the pH 8.2 ocean environment where other crustaceans can inhabit. An answer can now be provided to the research question, which is that with the change of base solution concentrations in soil samples, pillbugs prefer the soil sample containing 30g/40mL base solution most likely because the pH of the substance is similar to the 8.2 pH of an ocean environment where other marine crustaceans live. With data showing 6 pillbugs preferring 30g/40mL, 3 pillbugs preferring 20g/40mL, 2 pillbugs preferring 10g/40mL, and no preference for Control, it can be concluded that the present study corresponds to the other research describing pillbug preference to acids and low preference to a neutral environment. (Goldberg, M., 2007). Anomalous data was not present within the present experiment, and a pattern can be established for the results, in which pillbug preference increases with the concentration of the base solutions. The bar graph exemplified the pattern. Therefore, it can ultimately be concluded from this study and other research that pillbugs have most preference towards basic, especially 30g/40mL, and acidic environments and least preference to neutral environments. (Goldberg, M., 2007). An explanation for the conclusion can be provided – preference of a basic environment may be derived from pillbug relationship to marine crustaceans that can tolerate an ocean environment (pH 8.2); preference of an acidic environment is derived from natural adaptations to the acidic soil of the forest floor.    
In the present experiment, 10 pillbugs were tested only once, not multiple times, on preference of soil samples containing base solutions with different concentrations, leading to unreliable results and incomplete conclusions. For future testing, pillbugs should not be limited to only preference of base solutions and neutral tapwater, but be able to have a choice between acids, bases, and neutral water. (Goldberg, M., 2007). The changes will confirm whether pillbugs prefer both basic and acidic environments or have preference of one over another. This study was used to model how inherent characteristics (related to the abilities of marine crustaceans to live in basic environments) affect the preference of pillbugs. Factors not incorporated into the model of the present study include an acidic environment that pillbugs may prefer. Since pillbugs naturally live in the acidic soil of forest grounds, they can prefer an acidic environment and subsequently change results of the experiment. Other factors that may be included are pillbug preference of a light or dark, debris-filled or debris-free environment. Weaknesses in procedures include that very few pillbugs were tested for preference, the preference determination time (1 min.) was short, and that the present experiment short and needs be extended to test for several days. Because of the simplicity and one-time duration of this experiment, no errors can be deducted. Improvements to the methodology of this experiment can include testing the preference of 100 pillbugs, increase the preference determination time to 5 min. and increase the duration of this experiment to 3 days to perform repeated tests.    
How does this project relate to my community?
          From studying this one topic, so many other questions have been posed.  These include, “how does the pH affect fish” or “do pillbugs affect the pH of the soil”?  Perhaps pillbugs are integral part of decomposition and composition.  It would be interesting to research composting to determine the most efficient way to compost.  For example, questions such as, “what organisms affect composting” or “what organisms provide the most fertile compost”? can easily be studied.  This project was extremely effective in providing relevant and real-world topic ideas for my science fair project 
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