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Growing Crops in Mars Soil Simulant 
Research Results 

 
The launch of the Mars rover Perseverance is NASA's latest mission to search for water and 
evidence of past and present life on the red planet. The search for native Martians leads to the 
question: can Earth life survive on Mars?  Since the time and energy it would take to import food 
and supplies would be prohibitive, the success of our future on Mars depends on creating a farm 
stocked with plants able to thrive in Martian soil.  
 

Research Question 
Can simulated Mars soil support plant growth? 
 

Hypothesis 
Plants will not grow as well as they do in Earth potting soil, due to Martian soil’s porous texture 
and lack of nutrients, but some will survive. 
 

Research 
Mars soil is not ideal for plant growth due to its granular and porous texture. As a result, water 
seeps away and the plants cannot efficiently use the amount of water available to them. Plants 
that thrive in moist environments and which require large amounts of water are more likely to die 
in Martian soil, while plants that live in dry environments, such as cacti, will do better. 
Furthermore, Mars soil contains harmful chemical compounds called perchlorates, which would 
make the plants inedible. If plants are to be grown on Mars, the soil must be washed thoroughly 
in order to remove the perchlorates.  
 

Unlike potting soil, Martian soil does not contain nutrients such as Nitrogen (N), Phosphorous 
(P), and Potassium (K). As a result, the plants struggle to stay healthy. In addition to NPK, 
potting soil contains various other nutrients, such as Iron and Calcium, which strengthen the 
plants.  A lack of nitrogen in any soil will cause plants to yellow. 
 

Procedure 
Two plants of Solanum lycopersicum (tomatoes), Capsicum annuum (yellow bell peppers), 
Abelmoschus esculentus (green okra), and Ocimum basilicum (basil) were planted in two 
terrariums- one filled with washed simulated Mars soil and another with Earth potting soil. For 
eight weeks, the plants were watered every Monday with 100 milliliters of water and provided 
light from heatless sources, simulating as nearly as possible the conditions found on Mars.  
The plants were observed for changes in color (based on Image One’s scale) and size; plant 
heights were measured every week in millimeters. 
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Image One: Color Scale 

 
 
To extend the experiment, more edible plants were added. Two Cucurbita (squash) plants and 
Ipomoea batatas (sweet potatoes) were added in both the simulated Mars soil and regular Earth 
potting soil. They were cared for in the same way as the first plants. 
 
Another experiment was added to determine how seeds germinate in the different soils. Daucus 
carota subsp. Sativus (carrot), Spinacia oleracea (spinach), Allium cepa (onion), Capsicum 
frutescens (hot pepper), Solanum lycopersicum (tomato), and Cucurbita (squash) seeds were 
added to both soils. They were cared for in the same way as the other plants.  
 
The plants in the simulated Mars soil became less green and more yellow, so another experiment 
was added. The same plants (tomatoes, yellow bell peppers, green okra, and basil) were again 
used, but the soils were enhanced with NPK (Phosphorus, Nitrogen, and Potassium) fertilizer. 
This was done by adding 66.5 milliliters of Osmocote’s Smart Release Plant food. The plants 
were watered and observed according to the procedures of the first experiment. 
 
Another experiment was conducted in an attempt to combat the Martian soil’s lack of water 
retention. Three Cucurbita (squash) plants were used; one planted in potting soil, one in Martian 
soil, and the third in Martian soil with cardstock added. It was assumed that a future Mars 
settlement would have supplies from Earth packed in paper and cardboard, which could be used 
to aid in absorbing water. The plants were cared for as previously established.  
 
Some non-edible plants were incorporated into another experiment. Two Echeveria pulidonis 
were planted in Mars simulated soil and Earth potting soil.  However, they were given 50 
milliliters of water as opposed to the first experiment’s 100 milliliters. This same procedure was 
used with an Acanthocalycium thionanthum cactus and an Armatocereus godingianus cactus. 
 
To see if the soil difference would affect air plants, Dracaena marginata (dragontree) was added 
to the experiment, along with Dionaea muscipula (Venus flytraps). The Venus flytraps were not 
fed any insects or bugs because these presumably would not be available on Mars, but otherwise 
were cared for and observed in the same way as the first experiment. 
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Results 

The quantitative data were based on the vertical growth of the plants and the color changes of the 
leaves in comparison to each plant’s counterpart in the other soil type. This method was used for 
the experiments containing tomatoes, yellow bell peppers, green okra, basil, squash plants and 
sweet potatoes, as well as the fertilizer experiment. The tomatoes grew tallest in the potting soil 
without the added fertilizer at 435 mm. The tomato plant in the Martian soil with the added 
fertilizer grew to 430 mm, just 5 mm shorter. The tomato plant in the Martian soil without the 
fertilizer grew to 385 mm, and the tomato plant in the potting soil with the fertilizer grew to a 
mere 300 mm. The results show that the NPK did not help tomato growth.  
 
The graph of tomato 
height shows an anomaly 
around 6/28. It was 
caused by incorrectly 
measuring the height of 
the tomato plant above 
the ground instead of the 
length of the tomato vine. 
 
To determine the health 
of the plant, the color 
was observed and tracked 
using the scale in Image 
One, ranging from 1 (very 
green and healthy) to 10 (a 
brown dead plant). Both the 
tomato plants in the Martian 
and potting soil without 
fertilizer reached a leaf 
color of 10 on July 10 and 
stayed at that color until the 
end of the experiment. 
However the tomato plants 
in the soil with the added 
NPK never reached 10. The plant in the Martian soil with NPK ended with a color of 9 and the 
potting soil with NPK ended at 8. This information is displayed in the graph below. The tomato 
plant in the Martian soil without fertilizer was the only plant throughout the experiment to 
produce fruit.  
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The basil plant grew best 
in the potting soil without 
fertilizer at 330 mm. The 
second tallest basil plant, 
located in the potting soil 
with fertilizer, ended at a 
height of 215 mm. The 
basil plants in the Martian 
soil grew the tallest in the 
soil without the fertilizer 
at 210 mm, and then at 
145 mm in the soil with the fertilizer.  
 
The color of the basil leaves was 
greener than that of the tomatoes. 
The basil in the soil without 
fertilizer and the basil plant in the 
Martian soil with the fertilizer 
reached level 6 on July 15, and 
stayed at that level until the end of 
the experiment. The basil plant in 
the potting soil with the fertilizer 
ended at level 5. The basil plants did 
not die in either of the different 
types of soil.  
 

Several weeks into the experiment, the 
leaves of the okra plant in both the soils 
were turning yellow. The okra in soil 
without fertilizer made it to level 9 on June 
15. However on July 6 the color levels 
started to improve, with the plant ending at 
6 in potting soil and 8 in the Martian soil. 
The okra in the soil with fertilizer started at 
9 and the okra in the potting soil reached 10 
on July 7 and never improved. The okra 

plant in the Martian soil with fertilizer improved to an 8.  
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The okra grew best in the 
Martian soil without fertilizer, 
reaching a height of 345 mm, 
followed by the potting soil 
without fertilizer at a height of 
285 mm.  The okra in the 
Martian soil with the NPK grew 
to 260 mm and the plant in the 
potting soil with the NPK grew 
to just 60 mm.  
 
 
The yellow bell peppers were only planted 
in non-fertilized soil, but the results are 
similar to the plants grown with the NPK 
added. They grew best in the potting soil at 
475 mm, and grew to 240 mm in the 
Martian soil.  

The color of the leaves also indicated that the 
peppers grow better in the potting soil, ending at a 
level 6, compared the level 9 of the peppers in the 
Martian soil.  
 

The second experiment used sweet potatoes and squash. The results were very dramatic 
compared to the first experiment. All 
the plants in the potting soil performed 
much better than the plants in the 
Martian soil. Two squash plants were 
planted in both Martian soil and 
potting soil without fertilizer. The 
results were mixed; the squash grew 
tallest in the potting soil at 310 mm, 
but the one planted in the Martian soil 
was second at a height of 230 mm. The 
remaining plants grew to 200 mm in 
the potting soil and 120 mm in the Martian soil respectively.  
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The color data did not agree 
with these observations, 
however. Both plants in the 
Martian soil had higher 
numbers on the color 
observation scale than the 
plants in the potting soil 
(indicating more yellowing), 
with the Martian plants at 8 
compared to the potting 
soil’s score of 5.  The plant 
in the potting soil was a rich 
green color, had very wide leaves, and had more leaves than most other plants. The plant in the 
Martian soil had very small leaves and fewer of them, and was turning yellow. This difference, 
considering previous results, was quite striking. 
 
The sweet potato 
experiment produced very 
interesting results. Both of 
the plants grew very tall, 
but the leaves on the plants 
in the Martian soil fell off 
in large quantities.  
 
The observations were 
consistent with the color 
observations. The sweet 
potatoes in the Martian soil 
reached 10 on June 15 and 
stayed at 10 for the rest of 
the experiment, compared to the potatoes in the potting soil which ended at 7.  
 
With the added NPK, the plants’ green pigment increased, with the Martian soil plant scoring a 6 
while the potato planted in potting soil was at 7. However, the sweet potatoes grew tallest in the 
Martian soil at 295 mm and 195 mm, while the sweet potatoes in the potting soil grew to 210 
mm and 130 mm. The sweet potatoes were also planted in soil with the added NPK and the 
difference was quite noticeable. The potatoes in the potting soil with NPK grew to 600 mm and 
the plant in Martian soil grew to 460 mm. 
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Seeds were also planted in the different soils. When astronauts travel to Mars, it will be 
unrealistic to bring fully-grown plants with them. Seeds are a better option because they are 
small and don’t require constant care.  

The seeds that were planted for this experiment were spinach, carrot, onion, and hot pepper. The 
carrots sprouted first, and they sprouted in the potting soil before the Martian soil. In addition, 
there were noticeably more leaves on the plant grown in the potting soil. The spinach plants 
sprouted next. They also sprouted earlier in the potting soil, and became bigger and stronger than 
their counterparts.  After that the onion seeds sprouted in the potting soil, but quickly died, and 
never sprouted in the Martian soil at all.  

The last to sprout were the hot peppers. Once again they sprouted first in the potting soil, then 
began to sprout in the Martian soil albeit slowly. The peppers planted in the potting soil grew 
bigger than their Martian soil counterparts, but both continued to survive throughout the duration 
of the experiment.  
 
Later on, tomato and squash seeds were planted. These seeds followed the same pattern, 
sprouting first in the potting soil, then in the Martian soil. The plants in the potting soil were 
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taller and had more stems. However, the Martian plants quickly caught up and continued to grow 
healthily for the duration of the experiment. 
 
The inedible plants’ results were actually much different than those of the edible plants. These 
plants included the Venus flytraps, air plants (dracaena), succulents, and cacti.  

 
The Venus flytraps had the most interesting results. They did very poorly in the Martian soil, 
drying up and browning. By the third week, the plant in Martian soil was almost dead.  In the 
potting soil, the flytrap thrived until the last couple of weeks in Earth potting soil, when it started 
to turn black and drowsy.  
 
The air plants didn’t exhibit as much of a difference because they depend on the air for nutrients 
more than soil. However, the air plant in the Martian soil did have brown edges. The succulents 
produced results unlike those of any of the other plants. They seemed to prefer the Martian soil. 
This is most likely because succulents thrive in drier environments, and can even go weeks 
without moisture, without suffering adverse effects. The cacti exhibited no preference as to 
which type of soil they were planted in.  However, the Martian cactus died due to overwatering. 
Two new cacti were placed in Martian soil, and thrived throughout the rest of the experiment.  
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As noted previously, Martian soil has a difficulty retaining water, and the plants grown in that 
soil began exhibiting signs of distress (for example, turning yellow). This was solved by adding 
cardstock to the soil to improve its water retention. After observing the growth of each plant, it 
was observed that the squash plant in the Martian soil with the added cardstock was doing just as 
well as the squash in the potting soil.  By comparison, the squash planted in regular Martian soil 
turned yellow and grew at a slower rate. This information may be crucial to success in growing 
plants on Mars. Although this is just one method for solving the poor water retention of Martian 
soil, it could be cost and space efficient if there is cardboard readily available from the packaging 
used to ship other materials.  

Conclusion 

During the project human errors did occur, affecting the reliability of the data. Many different 
researchers worked on this experiment which led to differences in the way that the plants were 
observed and cared for. For example, the height of the plants could have changed, not because of 
actual plant growth, but because of inconsistent methods of gathering the data. In addition, the 
plants were taken upstairs to the Museum’s exhibit hall for a couple of hours each day, which 
represented a change in the environment.  This introduces the possibility that the plants may have 
behaved in ways that they would not if they had been kept in a constant location. The experiment 
could be expanded in the future to test if different places on Mars with different soils could be 
used for agricultural production.  
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In conclusion, some plants thrive better in the Martian soil such as succulents and cacti, while 
others, for example the edible plants, do not grow nearly as well.  However, with the added 
enhancements like fertilizer and cardstock, some plants performed similarly to those grown in 
Earth potting soil. Further research will be needed to understand what other enhancements can be 
made to improve the quality of the Martian soil, but the experiment shows that some edible 
plants can grow and produce fruit on Mars. This opens up a wide range of questions pertaining to 
Mars’ agricultural potential.  

As to concerns for nutrient imbalance/deficiency in Martian soil, we conclude that adding NPK 
(Nitrogen, Phosphorus, and Potassium) and other nutrients can enhance the ability for some 
plants to thrive. Moreover, after analyzing the data it could be inferred that plants with long roots 
will prosper in Martian soil (as suggested by the success of the sweet potato and squash). This is 
because plants with long roots were able to access the water that drained to the bottom of the 
tank due to the porous nature of the Martian soil. 
 
This tomato 
grown in the 
Martian soil, 
survived and 
ripened 
during the 
experiment. 
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