
Questions
How does Milorganite affect 

purple potatoes grown in a soil 
mixture with Martian simulant?

Can chickpea legumes achieve 
root nodulation when grown in 

soil with Martian simulant?



Background Information
      We did a lot of research on which plants to grow but in the end we 

decided to grow purple potatoes because they have the shortest 
harvest type of all potatoes. Potatoes taste good and can be a robust 
crop. 

We also wanted to plant something that could produce a protein. 
Proteins will be important to eat in space. We decided on chickpeas 
because they are versatile to cook with and as a legume we wanted to 
attempt to innoculate them with rhyziobial bacteria which could 
possibly help to fix nitrogen in the soil and could be a replacement for 
fertilizer. Also, the greens of the chickpeas can be eaten raw.

Health Benefits for purple potatoes - They are a good source of fiber 
and starch which can make you feel full. They can help to keep  sugar 
levels and cholesterol levels in check.  They a re made of antioxidants 
that work to prevent diseases and vitamins that help your body function 
properly. 

Nutrition -  One medium potato contains 265 calories, 6 grams of 
protein, and 0 grams of fat.

Negatives - Potatoes contain glycoalkaloids, a type of chemical 
compound found from the nightshade family that can be toxic. The 
greens would need to be composted in space as humans shouldn’t eat 
them. Potatoes also take 60-90 days to grow.



Health Benefits for chickpeas - They are a rich source of many 
vitamins, minerals and antioxidants and folate. They are loaded with 
protein. They can help regulate blood sugar and they contain saponins 
which can prevent the development of some types of cancer.

Nutrition -  One cup or 164 grams of chickpeas contains the following:
● Calories: 269
● Protein: 14.5 grams
● Fat: 4 grams
● Carbs: 45 grams
● Fiber: 12.5 grams
● Manganese: 74% of the Daily Value (DV)
● Folate (vitamin B9): 71% of the DV
● Copper: 64% of the DV
● Iron: 26% of the DV
● Zinc: 23% of the DV
● Phosphorus: 22% of the DV
● Magnesium: 19% of the DV
● Thiamine: 16% of the DV
● Vitamin B6: 13% of the DV
● Selenium: 11% of the DV
● Potassium: 10% of the DV

Negatives - the high fiber and carbohydrate content can sometimes 
lead to uncomfortable gas, bloating, and intestinal distress. Chickpeas 
need to be cooked and should not be eaten raw.



Experimental Design
Materials:

1. 1 package of purple fingerling potatoes from Whole Foods
2. 1 package of dried chickpea seeds from Whole Foods
3. Reusable Seed Starter Tray, Guioiby 10 Pack Seed Starter Kit with Air Vent Humidity Dome and Drain Hole Base for 

Greenhouse Propagator Station Seeding Planting Growing
4. Miracle Grow Seed Starting Potting Mix
5. Simulated Martian Soil
6. Mushroom Compost from Home Depot
7. Milorganite
8. Rhyzobial bacteria innoculant
9. Plastic cup

10. Aluminum Tray
11. Electronic balance
12. Plastic 3 mL pipettes
13. Water
14. Bounty Paper towels
15. Cutting board and Knife

Method:

1. Prepare Controls: Mix 350 grams of simulated Martian with 150  grams of potting soil in aluminum tray until even mixed.
2. Fill 2 plastic trays each with 12 wells with the mixture.
3. Cut purple potatoes into chunks so that each chunk has two potato eyes.
4. Poke a hole in the center of each hole and bury one potato chunk per well about 2 cm deep.
5. Cover will soil.
6. Add 6 mL water to each well.
7. Cover with plastic lid , label each well and wait until sprouts form.
8. Prepare Experimentals: Repeat step 1.
9. Add 115 grams of Milorganite to the soil mixture and blend evenly.

10. Repeat steps 2-7.
11. Prepare Control for Chickpeas: Mix 300 grams of Martian Simulant with 200 grams of mushroom compost..
12. Fill 2 plastic trays each with 12 wells with the mixture.
13. Poke a hole in the center of each hole and bury one chickpea per well about 2 cm deep.
14. Cover will soil.
15. Add 6 mL water to each well.
16. Cover with plastic lid , label each well and wait until sprouts form.
17. Prepare Experimental soil for chick peas. 
18. Repeat step 11-14
19. Then add 2 mL of rhyzobial inncoulant to each well.

20. Add 6 mL water to each well.
21. Cover with plastic lid , label each well and wait until sprouts form.



Purple potatoes: If Milorganite is added to the 
potting soil and martian simulant mixture, then 
the potatoes will grow taller.

Chickpeas: If you add rhizobial bacteria to the 
soil mixture, then the chickpea plants will grow 
root nodules, absorb more nitrogen and grow 
faster and taller.

Hypotheses

Image source link

https://www.frontiersin.org/articles/10.3389/fsufs.2021.728014/full


Variables
Independent Variables: 
We are changing the soil and vegetables to see how fast 
each different vegetable will grow in different soils. 

Dependent Variable: The height of each plant and the 
formation of root nodules on the chickpeas.

Controlled Variable:
We are keeping a few things the same to help isolate the 
effects of the independent variable. The controlled variables 
are the type of containers in the experiment, the length of 
the experiment, the seed types, the amount of soil mix, the 
pot type, the amount of water we used, the position of the 
lamp, the amount of light and the temperature, and how 
often we measure including the measuring technique. 



Measurements

We measured the height of our plants every Monday, 
Wednesday, and Friday in centimeters and recorded 
the data for 10 weeks. At the end of 10 weeks we also 
looked for root nodules on the roots of our chickpeas.



Results

The potatoes in our control soil mixture grew steadily over time. The potatoes in our 
experimental soil contracted a fungus and did not grow at all.

The chickpeas grew in both conditions, but the ones in the control group grew faster.



Conclusion

The purple potatoes grown in the mixture of Martian 
simulant and potting soil grew and sprouted. Adding 
Milorganite as a variable resulted in zero potato growth. 
We think this is because the Milorganite was high in 
nutrients and triggered fungal spores in the soil to grow. 
The fungus took over and decomposed the potatoes 
and they never sprouted. The chickpeas all grew in the 
Martian soil and mushroom compost mixture. They grew 
faster without the rhyzobial innoculant. They grew so fast 
in 10 weeks that they began to flop over and once they 
did that many began to die. We think this is because 
they needed a bigger pot and needed more space for 
their roots to stabilize their height. We did not find any 
root nodules on the chickpea roots. In the future we 
would like to grow these plants again but in bigger pots. 
We would also adjust the Milorganite and use less of it 
so as not to grow a fungus. We were able to grow these 
plants on Earth, but will they grow in space? We’d like to 
try!



Week 10 Photos

Our chickpeas grew tall, but they didn’t form root nodules or 
actual chickpea seeds in 10 weeks.

Our control potatoes sprouts and grew 
many roots.



PHOTOS Week 2

Chickpea plants just sprouting out of the soil



Photos Week 4

Chickpeas growing out of the cup

Chickpeas growing out of the cup

Purple Potato plants starting to grow



Week 5 photos

Chickpeas getting bigger

Purple potato plants getting 
out of the soil.



Experimental Purple Potatoes with white 
fungus and no sprouts


