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Abstract

In 2002, NASA chose Purdue University, with support from Alabama A&M and Howard University, to head up its Advanced Life Support/NASA Center of Research and Training.  Tri-County High School’s Advanced Biology and Advanced Horticulture classes were selected to use a plant growth chamber to determine an ideal crop production system for life support for a mission to Mars.

Being in both classes, we designed an agriscience project to determine the success of growing soil based spinach and hydroponically grown lettuce.  Spinach and lettuce provide nutrients and little waste.  Variables on the plant growth chamber were the same for both crops.  We daily measured temperature, humidity, and light intensity in the chamber.  We planted the spinach in a sterile soil mixture and watered/fertilized as needed. We developed an automated hydroponics unit for the lettuce.  We harvested both crops and determined yield.  We also calculated the Equivalent System Mass for each crop.  ESM is a calculation that combines all inputs into a measurable unit (kg) to determine cost to put in space.  

We deducted from our results that it would not be possible to nourish people with either crop. The spinach produced the greater yield with the lettuce the lower ESM.  We were not satisfied with the growth chamber’s ability to support plant life.  It did not supply the plants with the light and soil quality that they needed to survive.  Our hydroponics unit also over watered the crop.  We recommend spinach’s yield potential even though slightly higher cost.

Introduction

We started this project to see if we could grow a plant in a chamber that could be used in space on a mission to Mars. This would replace the freeze-dried food that astronauts have to eat. Also, there is no way that the astronauts can take enough food to feed themselves on this very long journey because of cost and mass of the food. It is necessary to find a means of producing more food to meet their physical needs.  It takes three years for a rotation of Mars to get back to Earth so the astronauts need to be able to keep producing food. We needed to find a plant that was high in nutrients and that had little waste. We chose spinach because it fit both of the requirements very well. The reason we cannot have much waste is because every ounce costs more money to put into space. We were trying to achieve the growth of healthy plants that produced a high yield, creating more food than the energy it took to produce them.  

Our objective for this project was to compare spinach grown in soil with lettuce grown with hydroponics.  There are several positives and negatives to growing each of these plants as well as the methods in which they are grown.  Spinach has several positives.  It is a very nutritional vegetable, it is a small plant, and it grows relatively quickly. However, spinach also is not a very filling vegetable.  The lettuce also has its positives and negatives.  Lettuce, like spinach, grows quickly and there is no waste.  The negatives are that it is not as nutritional as spinach.  We chose to try hydroponics because it has less maintenance and you can put nutrients directly into the water.  Therefore, our hypothesis is that if we grow lettuce with hydroponics and spinach with soil, then the spinach will have a more productive yield.

Review of Literature


We based our results on the assumption of being on Mars for 540 days. We received this number and we used table 3.2.2 of Anthony J. Hanford’s Baseline Values and Assumptions Document. Also we assumed a shielded base. 


After reading the manual, we learned that this chamber was specially designed for this purpose. Fluorescent bulbs were chosen because of the light they produce and plants growing well with them.  They produce the ultraviolet rays that are similar to light on Earth.  The plants need the blue and red wavelengths in order to grow (Alleman, 2005).


We also researched the basic nutritional needs of a human by consulting a food pyramid.  They need 6-11 servings of breads, 2-4 servings of fruit, 3-5 servings of vegetables, 2-3 servings of meat, 2-3 servings of milk, and fats and sweets are to be used sparingly (Food Pyramid Information, 2005). We tried to find a food that would most efficiently produce one of these needs. We decided on spinach and lettuce based on these facts and what we could realistically grow in the chamber. 

Methods and Materials

Materials

1. NASA designed growth chamber

2. Tray

3. 550 mL spray bottle

4. Computer

5. Soil

6. Metric Ruler

7. Miracle Grow

8. Data Logging Book

9. Hydroponic Tray

10. Rock wool

11. Pump

12. Pliers

13. Screwdrivers

14. 100 mL Beaker

15. Scale

Methods

1. Our first step of this process was to extract the growth chamber from the box and set it up.

2. We first hooked up the machine to the computer.  This allowed us to get a direct feed from the chamber to the computer to read the data.

3. Our next step was to set up the logger.  This has sensors that feed into the chamber, and takes readings and display them on the logger.

4. We then setup up a timer so that the lights in the structure would be on for 12 hours everyday, followed by 12 hours of darkness to mimic normal time on earth.

5. Every day we went to the classroom with the growth chamber in it and took calculations with the data logger by following the instructions in the setup booklet.

6. First we turned the machine on, and then pressed enter so that it would start logging data.  Data included light intensity, air temperature, soil temperature, and humidity.

7. We then recorded the average numbers provided after each log was completed.  This took about 5 minutes.

8. We then weighed our system, each part individually, to record into the data.

9. After doing this, we then watered the plants by using our spray bottle.

10. After watering, we checked the soil and the plants to make sure that they are healthy and growing properly.

11. After harvesting the spinach, we setup our hydroponic system.  This required us to take the potted soil and insert our own hydroponic system where the soil was supposed to go.

12. We then hooked the pump up so that water would flow from the reservoir to the top to water the plants. 

13. When the plants were fully-grown, after about 3 months for spinach and one month for lettuce, we hand harvested them from their growing medium.

14. After harvesting both items we weighed them on a scale to check the mass.  We could then insert this number into the ESM.

15. We then calculated the ESM for the two plants and compared them

Results
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ESM- Equivalent System Mass, This is a way to get all inputs and outputs in the same units, so comparisons can be made easier.  NASA uses this ESM for “trade studies”, which is comparing different technologies that complete the same task. This is figured by a lengthy equation in which the object’s weight and many constants are used.  This equation is ESM=M+(V*Veq)+(P*Peq)+(C*Ceq)+(CT*D*CTeq).  This contains how much crew time will be needed to perform these tasks, the volume, power, and mass (Hanford, 2004). 

Discussion and Conclusion

After we did this experiment, we were not happy at all with the results. The growing chamber did not seem to provide an adequate environment for any of our plants to grow well.  The growth chamber’s light didn’t adequately give the plants the nutrients they needed, along with the soil.  We also had some human error, which skewed some of our results.  We had a student that wrote down random numbers in the data book.  In addition, our hydroponics setup did not work properly, with over watering our plants at times. If we were to do the project again, we would purchase a new hydroponics system. Also, we would grow the same plants in the hydroponics that we grew in the soil to have a more accurate way to compare results. We recognize that using the chamber and length of time of growth as controls, more controls were needed when comparing hydroponic versus soil based growth with two different plants.
We found that by doing this experiment that spinach had a better yield, but lettuce had a better ESM (equivalent system mass). We feel that while saving money and keeping a low ESM is important but a nourishing meal for our astronauts is more important so they will have energy for their journey.
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