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​EXPERIMENT TITLE: The Varied Layering of Lunar Regolith and Black Soil Effects​
​on the Growth of Edaname Seeds​

​INDEPENDENT VARIABLE:​
​Independent variables are what we are deliberately changing in our experiment.  The​
​independent variable in our experiment is the layers. Layers are the different sections in​
​the pot of black soil and regolith.​

​DEPENDENT VARIABLE:​
​Our dependent variables are the height of our plants and how many leaves each plant​
​grows. That is what we are measuring and counting. We measure the plant once a week​
​and we record the same day. If there are any leaves we count those and record them that​
​day too.​

​CONTROLS OR CONSTANTS:​
​The controls are what is the same about each of our experiment plant pots. They are:​

​●​ ​Amount of water for each plant - We started with 10mL, then 15mL, then started using​
​a chart and watered depending on the moisture level of the black soil/regolith.​

​●​ ​Amount and type of light for each plant. We used grow lights with white light.​
​●​ ​One edamame seed in each pot​
​●​ ​All pots at the same heat on a heating pad​
​●​ ​Each pot had 400 total grams of soil/regolith with 240 grams of lunar regolith and​

​160 grams of black soil​
​●​ ​36 grams of mushroom compost was added to the regolith and 24 grams of​

​mushroom compost was added to the black soil​



​HYPOTHESIS:​
​Our hypothesis is that the two C pots will do the best. They are the ones that have the​
​layers of 80 grams of black soil on the bottom with 120 grams of lunar regolith on top of​
​that, then 80 grams of black soil, then another 120 grams of lunar regolith on the top. Our​
​hypothesis is that the soybean plants in the pots (Group C) with the layers of R120g,​
​S80g, R120g, S80g will do the best. We think these pots will have the most leaves and​
​grow the tallest. The reason we chose the C group of pots was because a team from our​
​school that has grown soybean seeds in the lunar regolith came to our first meeting and​
​they told us about what they had tried. They said that they were able to grow soybeans in​
​50/50 regolith and soil, 70/30 regolith and soil, and even in 100% regolith. So we thought​
​that if we would be able to get our edamame seed (which is a soybean seed) to sprout in​
​the regolith then the roots would grow great when they went into the black soil and the​
​plants would get stronger. The roots would then be strong enough to break through the​
​next layer of regolith and reach the bottom layer of soil and survive. In our results and​
​conclusion you will see that our hypothesis was incorrect.​

​BACKGROUND AND REASONING:​
​We chose to test lunar regolith instead of martian regolith because we were learning about​
​NASA preparing to send Artemis II to the dark side of the moon. NASA thinks exploring the​
​moon is important and so do we. One day our information might help NASA astronauts to​
​grow food like edamame on the moon.​
​We chose to test the layering of the lunar regolith and black soil because in the past teams​
​at our school always tested soybean growth in the lunar regolith by mixing different​
​portions of the black soil and lunar regolith. No team had ever experimented using the​
​layer method.​
​We live in central Illinois with soybean and cornfields surrounding our community and​
​school. Illinois is the top producer of soybeans so we decided to grow edamame.​
​Edamame is the green pods of soybeans. Edamame could be used for medical reasons​
​such as cancer, fighting strokes, heart attacks, and osteoporosis. Edamame helps to​
​improve sleep and depression. Edamame is a great source of protein, fiber, calcium,​
​magnesium, potassium, and iron. They are a great low calorie snack. Edamame is an​
​excellent source of vitamin K.​

​EXPERIMENTAL RATIONAL:​
​The growth of edamame on the Moon would provide astronauts with a healthy source of​
​protein and several other nutritional values. It does not take special preparation and is​
​easy to store. Our experiment can be used to help determine the best way to grow plants​
​in lunar regolith. It can help scientists to determine the needs to grow healthy foods for​
​future life on the Moon.​



​GROW POT SETUP:​

​Group A​ ​Group B​ ​Group C​ ​Group D​ ​Group E​ ​Group F​

​Pot 1​ ​R 240g​
​S 160g​

​S 160g​
​R 240g​

​R 120g​
​S 80g​
​R 120g​
​S 80g​

​S 80g​
​R 120g​
​S 80g​
​R 120g​

​R 400g​ ​S 400g​

​Pot 2​ ​R 240g​
​S 160g​

​S 160g​
​R 240g​

​R 120g​
​S 80g​
​R 120g​
​S 80g​

​S 80g​
​R 120g​
​S 80g​
​R 120g​

​R 400g​ ​S 400g​

​PROCEDURES:​
​1. Filling of pots- Follow ratio and layer patterns listed in images above.​

​2. Planting of seeds- Plant one edamame (soybean) seed in each pot, 10mm deep​

​3. Pots were covered with a humidity dome during the germination period. Domes were​
​removed when sprouts appeared.​

​4. Water Schedule- Water by using syringes to shoot the water to the root of the plants.​
​We began watering each pot with the same amount of water. (10mL) Beginning on March​
​9th, we decided to water using the following scale: Moisture Level 0-3 gets 10mL of water,​
​4-6 Moisture Level gets 5mL of water, Moisture Level of over 6 gets NO water. So each​
​day we measured the moisture level and then watered the plants.​

​5. Lights and heat pad- Grow light timer set for 12hrs on/12hrs off and heat mat set to 75°​
​24/7 until the seeds germinate.​

​6. Data recording- Every Thursday gather the following data and record our observations​

​■​ ​Measure and record height​
​■​ ​Count and record number of leaves​



​EXPERIMENT PHOTOS:​



​DATA COLLECTION​



​ANALYSIS:​
​We do feel as though our experiment is a sound experiment because we did stick to our​
​controls. Every pot was treated in the same way. We did change our watering but when​
​we changed it, we were consistent in giving our plants the necessary amount of water​
​based on the moisture level of each pot. Our plants did not grow as well as we were​
​hoping, but we did have some growth in pots A1/A2, E1/E2, and our control pots F1/F2.​
​However, the best growth was in the 100% Regolith and our A pots which were 60%​
​regolith on top of 40% black soil.​

​FUTURE CONSIDERATIONS:​
​In the future we would like to investigate a better watering system. During our experiment​
​we found that our pots were always extremely dry. We replanted all pots that had not​
​sprouted within two weeks after planting. Before replanting, we dug up the seeds and​
​dissected them. We found that some were mushy which our research showed they were​
​receiving too much water. So in our next experiment we would like to try germinating the​
​seed before planting it. We are undecided as to whether germination would change our​
​results but would like to find out.​

​CONCLUSIONS:​
​In conclusion, we found that our Group A pots grew the best at an average of 15.5cm. Our​
​Group A pots were 40% black soil topped with 60% lunar regolith. They only lived until our​
​midway point and then they died. Our second best group was Group E - our 100% lunar​
​regolith group. They grew to an average growth of 13.5cm. They had been replanted​
​during the third week of growing. They sprouted in the fifth week and were still alive during​
​the eighth week. They looked as if they might keep growing. We believe that the one plant​
​in group A died due to having a weak stem. We staked it but it still bent over and we feel​
​that may have caused it to die. The two group E pots (full regolith) had thicker stems and​
​looked stronger. From these results we found that Edamame grows best in full regolith​
​since those plants were the stronger looking plants of the two groups. The leaf count for​
​both groups was the same. Both groups had just started to grow leaves so leaf count did​
​not really count as a second dependent variable. Plant height was the best dependent​
​variable to use.​
​Our hypothesis was that Group C - the pots containing a layer of black soil topped with a​
​layer of lunar regolith topped with a second layer of black soil and a final layer of regolith​
​would grow the best edamame plant. We were wrong, in fact, Group C did not have any​
​growth. We would like to continue this experiment by germinating our edamame seeds​
​before planting them. If all seeds were germinated before planting then we would know​
​that they had a good start. Before continuing this experiment we would like to reuse our​
​lunar regolith/black soil combination this summer to experiment with better ways of​
​determining the water needs of our plants. In the future we would also like to try growing​
​other types of seeds.​



​WHAT WE LEARNED FROM THE PLANT THE MOON CHALLENGE:​
​Having participated in the Plant the Moon Challenge has taught us that plants are not​
​always as easy to grow as we thought they would be. We also learned that lunar regolith​
​can get very dry and clumpy even if you are watering it each day. The biggest surprise was​
​learning that 100% regolith actually grew the edamame the best. We also wonder if our​
​addition of mushroom compost affected the seed germination. We would like to try it again​
​not using any compost. The landscape company we got our compost from said it is very​
​easy to burn your plants if too much compost is used. We used the recommended amount​
​but we had to estimate the conversions because the company does not have​
​recommended amounts for such a small amount of soil.​


