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Introduction

In 1880, novelist Percy Greg wrote in his book “Across the Zodiac” about a space
traveler who carried plants with him on his voyage to Mars, for the process of waste recycling
(Eliot, 1986). 50 years later, the Russian scientist Konstantin Tsiolkovsky took this idea beyond
mere science fiction and hypothesized that humans could, in fact, co-exist with plants under
closed conditions on Mars (Wheeler, 2010). Future Martian missions require sustainable life-
support systems. An ideal life-support strategy for astronauts would be the one that utilizes in-
situ resources like soil, water, nutrients, and sunlight, which are available on Mars, to eliminate
the need for constant replenishment and to minimize the transportation costs (Kasiviswanathan et
al., 2022). Martian soil has a low water retention capacity (Peyrusson, 2021). Mars has water
deposited in its equatorial regions, during the periods of high orbital obliquity, when the water at
the poles became unstable and was contained at the equatorial regions (Wilson, et al., 2018). Yet,
this water is not available for in-situ utilization. The physio-chemical characterization of the
Martian regolith simulant MGS-1 has established the alkaline nature of Martian regolith
(Caporale et al., 2024), with a pH above 6 due to the high concentrations of calcium perchlorate
(Gilrain et al., 1999). Additionally, Martian regolith lacks the vital micronutrients,
macronutrients and organic matter, which are the essential components for the proper growth and
yield of plants (Nadeem et al., 2018). This deficit, along with the low water retention and
alkalinity of the soil creates a hostile environment for the growth of plants.

This study investigated the strategy of using hydrogels to retain water for plants on
Martian regolith. Hydrogels are polymers that are able to absorb large volumes of water and
retain it on the roots of the plants (Peyrusson, 2021). Likewise, by increasing the water

availability, they allow the plants to reduce water stress and enhance plant growth even in the



harsh environment of Mars (Montesano et al., 2015). Moreover, bone meal was utilized as the
fertilizer for our study, as bone meal is known for its slow-release of minerals like calcium
(Hodson et al., 2001) and phosphorus (Been et al., 2013), which aids in cell elongation
(Burstrom, 1968) and seed development (Malhotra et al., 2018). This study was done on Cherry-
Belle radishes Raphanus sativus L., a small-sized red radish. It is a root vegetable crop found
worldwide and widely used in salads. It is packed with fiber, antioxidants, vitamin C, phenolic
compounds and glucosinolates and can be used to reduce oxidative stress and to treat stomach
disorders experienced in microgravity by the astronauts (Kim ef al., 2016).

This study tested the optimum condition for radish growth, by varying the Martian
regolith simulant (MGS-1):potting soil ratios, and the concentration of fertilizers and hydrogels.
We hypothesized that the radishes grown on the 50-50 fraction of MGS-1 simulant and potting
soil, will show the greatest growth in terms of stem height, leaf length, radish length and

diameter.

Measurements and Methods

The pots were set up in a large grow tent that contained an LED grow light array and a
ventilation system to maintain constant growing conditions. There were 12 pots, organized into
three groups of 4, based on the addition to the soil-regolith mixture. Specifically, the pots with
hydrogels and fertilizer were grouped, the pots with just fertilizer were grouped separately, and
the pots with no additives were grouped separately. The pots within each group were
individually labeled with the percent composition of the regolith and the added material. Each
group was placed on a bucket lid to reduce water leakage and soil spillage to other groups. All

groups were placed along the right side of the grow tent, while another Plant Mars group had



their experiment on the left side, with about a foot of space between the two experiments. A

visual representation of the growth setup (Figure 1).
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Figure 1 - Experimental Growth Setup. Each row varied in soil composition, and each column

varied in the type of soil inclusions.

The seeds were geminated in a humid environment for 1 week. They were then planted about
half an inch deep and two seeds per pot with about an inch of space between them. Because of
lack of growth and excessive mold in the pots with additives at around week 2, we replanted

those in the same way, except we germinated for only 2 days instead.

The radishes were watered every Tuesday and Friday with deionized water, and measurements
were taken on Thursdays. If there was no one available to take measurements on Thursday,
measurements for that week would be made on either Tuesday or Friday. All plants were given

100 ml of water when first planted, then the amount was reduced to 50 ml after the first week.



The pots with hydrogels were reduced to 40 ml of water after we observed that they were being
overwatered. The radishes received 12 hours of light every day, from 7:00 am to 7:00 pm; after
the time change due to daylight savings, they received light from 6:00 am to 6:00 pm. The
temperature of the grow tent was also monitored and kept between 20 and 25 degrees Celsius.
All data was recorded on a shared Google Spreadsheet.

The pH of the soil of each pot was measured using pH strips every week. The strips
would be buried about a quarter of the way into moist soil or regolith and left to sit for about a
minute. If the soil was not sufficiently wet to take measurements, the plant would be given water
and left to drain for a few minutes before retesting the pH. Then, we would remove the strip and
record the data in the spreadsheet.

While the radishes were growing, we measured their stem height using a measuring tape
and recorded the results in the spreadsheet. The stem was measured in centimeters from the soil
to the base of the tallest leaf. If two radishes were growing in the same pot, their heights would
be separated by a comma. At the end of grow week 8, the radishes were carefully uprooted, and
the root length was measured, along with the length and diameter of any radish vegetable
produced. These measurements were also done with a measuring tape in centimeters.

There were several constraints to the experiment, including the time frame, the amount of
regolith supplied, and the presence of mold. During the time frame of eight weeks, only three
small radishes were produced. The small harvest size was limited by the need to restart some of
the pots due to excessive mold. After the first week, mold began growing on the group that had
fertilizer and the group that had fertilizer and hydrogels. We decided to replant those with the
regolith we had left. Mold continued to grow in the new pots; however, we were able to mitigate

and stop its growth by spraying them with a 3% hydrogen peroxide solution.



Results and Analysis

Over the eight-week growth period, we found that the radishes grown with no soil
inclusions demonstrated the largest stem length root growth, radish diameter, and radish length .
Pots with fertilizer and hydrogels showed some root growth, but did not yield harvestable
radishes. These observations did not align with our original hypothesis, which stated that
radishes grown in pots with 50% Martian regolith and 50% potting soil would yield the largest
diameter. Measured stem length, root length, radish diameter, and radish length are presented in

the tables below.

Table 1 - Radish Stem Lengths After 8 Weeks

Stem Length (cm)

Soil Composition
No Inclusions | Fertilizer Added | Hydrogels & Fertilizer Added

100% Regolith 2.5 0.0 0.0

75% Regolith

25% Potting Soil | ~ 0 | 7 0.0 45
50% Regolith
50% Potting Soil | o0 | 129 3.5 8.0 4.5

100% Potting Soil 4.5 5.0 0.0




Table 2 - Radish Root Length After 8 Weeks.

Root Length (cm)

Soil Composition
No Inclusions | Fertilizer Added | Hydrogels & Fertilizer Added

100% Regolith 3.5 0.0 0.0
75% Regolith
25% Potting Soil | - | "0 0.0 95
50% Regolith
50% Potting Soil | 00 | 7 3.0 8.0 8.5
100% Potting Soil 6.5 5.5 0.0

Table 3 - Radish Diameter After 8§ Weeks.

Radish Diameter (cm)

Soil Composition
No Inclusions | Fertilizer Added | Hydrogels & Fertilizer Added

100% Regolith 0.0 0.0 0.0
75% Regolith

25% Potting Soil | >0 | OC 0.0 0.0
50% Regolith

50% Potting Soil 1.5 0.0 0.0 0.0 0.0

100% Potting Soil 2.5cm 0.0 0.0




Table 4 - Radish Length After 8 Weeks.

Radish Length (cm)

Soil Composition
No Inclusions | Fertilizer Added | Hydrogels & Fertilizer Added

100% Regolith 0.0 0.0 0.0
75% Regolith
25% Potting Soil | > 0 0.0 0.0
50% Regolith
50% Potting Soil | 0 0.0 0.0 0.0
100% Potting Soil 3.0 0.0 0.0

Figure 2 - Radish growth after 8 weeks with no inclusions.



Figure 4 - Radish growth after 8 weeks with fertilizer and hydrogels added.
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Figure 5 - Harvested radishes after 8 weeks of growth.

Additionally, monitoring pH over the eight-week growth period revealed that pots with 100%
and 75% Martian regolith maintained a pH of approximately 8.0, while pots with 50% regolith

and 100% potting soil exhibited a pH range of 6.0 to 7.0. pH measurements are summarized in
the table below.



Table 5 - pH of Each Pot Over the 8 Week Growth Period. Pots grown with regolith are
abbreviated with “R,” and pots with 100% potting soil are abbreviated with “PS.”

Pot pH

Week 1 | Week 2 [ Week 3 | Week 4 | Week 5 | Week 6 | Week 7 | Week 8

No Inclusions

100% R 8.0 8.0 9.0 8.0 8.0 8.0 8.0 8.0
75% R 8.0 8.0 8.0 8.0 7.0 8.0 8.0 8.0
50% R 7.0 8.0 7.0 7.0 7.0 7.0 8.0 8.0
100% PS 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
Fertilizer Added
100% R 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
75% R 8.0 8.0 8.0 8.0 7.0 8.0 8.0 8.0
50% R 7.0 8.0 7.0 7.0 7.0 7.0 8.0 7.0
100% PS 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0

Fertilizer & Hydrogels Added

100% R 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
75% R 8.0 8.0 8.0 8.0 7.0 7.0 7.0 7.0
50% R 7.0 8.0 7.0 7.0 7.0 7.0 7.0 7.0
100% PS 7.0 7.0 7.0 7.0 6.0 6.0 6.0 6.0

Discussions and conclusion

Before planting the radishes into the pots they were germinated, during the first germination the
seeds were left to germinate too long and mold was created. The moldy seeds and the seeds with
little to no mold were picked apart and the ones with no mold were put into the pots. Each pot

got two seeds with an inch between them. After two weeks of watering, these plants were filled



with mold, particularly the soil composition with hydrogels, in all probability because hydrogels
store moisture. The mold was addressed with hydrogen peroxide spray (3%), and seemed to get
rid of the mold well. After about four weeks, the pots with no sign of plant growth were

replanted.

The pH of the no inclusion 100% potting mix stayed in the 7.0s, the pH of the no inclusion 50%
regolith had 7.0s but a few 8.0s, and the pH of the no inclusion 75% regolith stayed in the 8.0s
fully (Table 5). These pH results can lead to the conclusion that martian regolith is basic
compared to regular potting soil that is neutral. This means that changing the pH of the martian

regolith to be more neutral may be a major contributor to plant growth in mars regolith.

In total, eight plants had sprouted leaves and grown. Only three of those plants yielded radishes
to be harvested. The three soil compositions being: No inclusion 100% potting soil, no inclusion
50% regolith and 50% potting soil, and no inclusion 75% regolith and 20% potting soil (Table
4). The 100% potting soil yields the largest radish with a length of 3.0cm and diameter of 2.5¢cm
(Table 3 and 4). The results of the experiment lead to the conclusion that no inclusion of
hydrogels or fertilizer and 100% potting soil will lead to the best results of radish growth. The
hydrogels would break up the soil when they grew after being watered, which may have stunted
the radish growth. Fertilizer did more harm than help the radishes grow in the regolith. However,
when looking at the other two radishes grown in 50% potting soil/ 50% regolith and 75%
regolith/ 25% potting soil, it seems that even with no inclusions the radishes still grew. This can
lead to the conclusion that radishes would be a good choice as a plant to grow in mars regolith

because it has shown endearment in the regolith even in the absence of inclusions.
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Appendix A: Growth Images
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Figure 7 - Week 1 pots after seed planting.

Figue 8 - Mold growth on originally planted seeds, prompting regermination.
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Figure 12 - Week 5 growth
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Figure 14 - Week 7 growth.



Figure 15 - Week 8 growth.



Appendix B: Raw Temperature, pH, Stem Length, and Harvest Data

Table 6 - Temperature Across 8 Week Growth Period

Date Temperature (C)
10/09/2025 19.8
10/10/2025 20.3
10/15/2025 19.5
10/17/2025 19.0
10/25/2025 25.0

11/4/2025 23.9
11/07/2025 246
11/11/2025 23.8

11/13/25 246
11/18/2025 248
11/20/2025 24.6

Table 7 - pH Reports Across 8 Week Growth Period

Date pH
10/10/2025 Regolith pots around 8.0, potting soil combo around 7.0
10/15/2025 Regolith pots around 8.0, potting soil combo around 7.0
101725 Regolith pots low &, almost 7, potting soil around 7.0

Regolith pots sitiing around &, pots with potting soil
1072472025 around T; 100% regolith with no additives is solid at 9.0

11/4/2025 100% potting soil with hydrogels at about &, 100% regolith with hydrogels at about 8, all the rest sitting at about 7
11712025 Al with regolith staying around 8, just potfing scil pots remaining neutral
1111372025 all pots with regolith staying arcund &, most pots with just potting seil at about 7, 100% potting with hydrogels at about 6
11118 Hydrogels: 100% reg-&, 100% pott-6, others- 7
1118 Just fert: all at 8
1118 Mo add: all 8
11720 All pots with regolith staying around 8, most pots with just potting soil at about 7



Table 8 - Stem Length Measurements Across 8 Week Growth Period

Date Length
J0/10/2028 Soil Compasition Mo Inclusions | Fertilizer Added F:r;ﬁ:gri:;ed
100% Regolith

75% Regi25% Potting Mix
£0% Regi50% Potting Mix
100% Paotting Mix

Hydrogels +
Fertilizer Added

Soil Compesition Mo Inclusions | Fertilizer Added

101152025

100% Regolith
75% Reg/25% Potting Mix
50% Reg/50% Potting Mix
100% Patting Mix

Hydrogels +
Fertilizer Added

Soil Compasition Mo Inclusions | Fertilizer Added

10M17/.2025

100% Regolith
75% Reg/25% Fotting Mix
50% Reg/50% Fotting Mix
100% Potting Mix

; - . - Hydrogels +
Soil Composition Mo Inclusions | Fertilizer Added Fertilizer Added

10/24/2025

100% Regalith
75% Regi25% Potting Mix
50% Regi50% Potting Mix
100% Paotting Mix

Hydrogels +

Soil Compesition Mo Inclusions | Ferilizer Added Eertilizer Added

11472025

100% Regolith
75% Reg/25% Fotting Mix
50% Reg/50% Fotting Mix
100% Potting Mix

110772025 ‘Soil Composition Mo Inclusions | Ferilizer Added F;:T:::i:;ed
100% Regaolith
T5% Reg/25% Fotting Mix
£0% Reg/50% Fotting Mix
100% Potting Mix
Hydrogels +
1111372028 Soil Compaosition Mo Inclusions | Fertilizer Added | Fertilizer Added
100% Regolith
75% Reg/26% Potting Mix
50% Reg/50% Potting Mix
100% Potting Mix
Hydrogels +
11/18/2025 Soil Composition Mo Inclusions | Ferilizer Added | Fertilizer Added
100% Regaolith
75% Reg/25% Potting Mix
50% Reg/50% Potting Mix
100% Potting Mix
Hydrogels +
11/20/2025 ‘Soil Composition Mo Inclusions | Ferilizer Added | Fertilizer Added

100% Regalith
75% Reg/25% Potting Mix
£0% Reg/50% Potting Mix
100% Potting Mix




Table 9 - Harvesting Measurements

112072025

Root Length

Hydrogels +
Soil Composition Mo Inclusicns | Fertilizer Added | Fertilizer Added

100% Regolith

T5% Regl25% Potting Mix

50% Regl50% Potting Mix

100% Potting Mix
Raddish Diameter
Hydrogels +
Soil Compaosition Mo Inclusions | Fertilizer Added | Fertilizer Added
100% Regolith

T5% Regl25% Potting Mix

50% RegfS0% Potting Mix

100% Potting Mix
Raddizh Length
Soil Compaosition Mo Inclusions | Ferilizer Added | Fertilizer Added
100% Regolith

To% Regl25% Potting Mix

S50% RegfS0% Potting Mix

100% Potting Mix




