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Introduction

Even though Mars has an environment that may be harsh for life, scientists believe that
besides Earth, this may be the most habitable planet in the solar system (Candanosa, 2017). Mars
has been known to have similar attributes to Earth because according to the National Aeronautics
and Space Administration (NASA), as billions of years ago, it was believed that Mars even had
oceans like those found on Earth. For years, scientists have queried whether life had been
previously established on Mars and what that could reveal about Earth’s past and future (“Humans
to Mars,” n.d.). Engineers and scientists have been working to develop technologies that would

one day allow life on Mars with a safe return to Earth (www.nasa.gov). In considering life on

Mars, scientists must consider the necessities for human survival; water, shelter, oxygen and food.
As NASA explores the possibility of life on Mars, all four basic human needs must be considered.
This paper focuses on some of the factors to consider when growing crops in Martian regolith.
Research has suggested that Martian soil lacks organic matter such as carbon but may have
some essential nutrients for plants to grow. However, the levels of these nutrients are too low for
plants to grow healthily. Martian soil also contains large quantities of chlorine in molecules called
“perchlorates” which are very harmful for plants and people. It has also been found that Martian
regolith may also contain very high levels of toxic metals, which could end up in the plants.
(Kaplan, S. 2016). Besides the challenges brought to this research by the composition of Martian
soil, there are other challenges to consider during the planting process such as increasing pH levels
over time, compaction of the regolith when wet, and possible root decay if there is no good

drainage. Most of these factors were considered throughout this experimentation process.


http://www.nasa.gov/

Theory

There are 16 essential elements that are required for plants to flourish. Some are classified
as macronutrients and others as micronutrients. Macronutrients are needed for plants to grow and
reproduce. Some of the macronutrients include carbon, hydrogen, oxygen, nitrogen, phosphorus
and potassium amongst other elements. Carbon, hydrogen and oxygen are usually available to
plants via the air, water and the soil while nitrogen, phosphorus and potassium are often introduced
using fertilizers.

Cherry Belle Radishes were selected by the team as the crop for this research project. This
is an ideal crop for growing on Mars as they don't take up a lot of space and do not need heavy
fertilization. Radishes are also known to germinate in three to ten days, they can be harvested
between three and five weeks and the entire plant is edible. Some of the challenges of growing
crops in Martian regolith include a lack of nutrients for growth of the radishes and compaction of
the Martian regolith when wet. To address these issues, this experiment utilized a mixture of
Martian regolith simulant, topsoil, and perlite. Various fertilizers were also added to compensate
for the lack of nutrients in Martian regolith. Each additive was chosen to enhance the composition
of the Martian regolith. The chosen mix works well because the Martian regolith acts as the base,
the topsoil and fertilizers add important nutrients that are lacking in the Martian regolith, and the
perlite improves the soil structure.

Perlite is a key ingredient in gardening because it helps keep the soil airy and improves
how it holds water. Its porous structure allows it to hold on to moisture and nutrients, which plants
can access over time, preventing the soil from becoming too wet. This is especially useful when
trying to improve the composition of Martian regolith to facilitate growth of crops since it doesn't

have organic material or the natural ability to aerate like Earth’s soil (Stone Post Gardens, n.d.).



By mixing perlite with Martian regolith and topsoil, it improves the soil's texture and drainage,
which should help the radish roots grow better and absorb nutrients more easily (Stone Post
Gardens, n.d.). Additionally, perlite is also important because it prevents the soil from becoming
too compact, which can make it harder for roots to grow. Since perlite is lightweight and full of
tiny holes, it helps to keep the soil loose, similar to how Earth’s soil naturally stays airy (Stone
Post Gardens, n.d.). This balanced combination creates a growing environment similar to Earth’s
soil, making it easier to see how plants might grow in Martian conditions (Stone Post Gardens,
n.d.).
As Martian soil is lacking many of the key nutrients that Earth’s soil has, especially organic
material and nitrogen, fertilizers are very important to make up for this deficiency to help plants
grow (AES Soil, n.d.). Several types of fertilizers were used in this experiment:
= Bone meal: This is an organic fertilizer that is high in phosphorus, which is important
for helping radishes grow strong roots and larger bulbs (AES Soil, n.d.).

= Super phosphate: This is another fertilizer rich in phosphorus, but it is an inorganic
fertilizer. Super phosphate supports root growth and helps the plant transfer energy
efficiently. This is especially important for radishes growing in nutrient-poor Martian
soil (AES Soil, n.d.).

= Worm castings: This is an organic fertilizer that is rich in nitrogen and trace minerals.
Nitrogen is important for overall plant growth, especially for healthy and larger leaves
development (AES Soil, n.d.).

= Urea: This is an inorganic fertilizer that is high in nitrogen and is likely to boost leaf

growth more than phosphorus-rich fertilizers. In this experiment, it may lead to bigger

leaves, but it might not help much with bulb growth (AES Soil, n.d.).



By comparing these fertilizers, it will be determined how different nutrients impact radish growth
in the Martian regolith. The hypothesis for this study is that fertilizers high in phosphorus will

yield larger radish bulbs while fertilizers high in nitrogen will yield more leaves.

Measurement Methods
Materials
The Cherry Belle Radish seeds used were purchased from Ohio Heirloom Seed

(www.ohioheirloomseeds.com) located in Columbus, Ohio. The topsoil used was Miracle Gro

Potting Plant Mix and the Martian Regolith, MGS-1, was purchased from Space Resource
Technology. The fertilizers used were Triple Super Phosphate, Burpee Natural and Organic
fertilizer, Urea All Natural 46-0-0 fertilizer and Harris Worm Castings fertilizer. All fertilizers
were purchased from Amazon. Organic perlite was also used and purchased from Amazon. Soil
mixtures were initially planted in 4-inch Hayward Planter (4 In D x 3.7 In H) plastic pots that were
purchased from the Home Depot.

Plants were grown indoors in a chemistry lab that had an average temperature of 68.5 °F
+ 4.2 °F and an average humidity of 67% + 6.0 %. The temperature and humidity were monitored
using a Govee WiFi Thermometer Hygrometer H5179 Smart Humidity Temperature Sensor. All
plants were exposed to light emitting diode (LED) grow lights for twelve hours each day. The
grow lights were Gooing Top LED Grow Light, 6000K Full Spectrum Clip Plant Growing Lamp
with White Red LEDs for Indoor Plants. pH was measured weekly using an Oakton pH 700
Benchtop meter, electrical conductivity (EC) was measured using a Vernier Conductivity Probe.

The data was collected using a Vernier LabQuest Mini.


http://www.ohioheirloomseeds.com/

Soil preparation

Four control samples were prepared; two consisted of 100% topsoil, a third consisted of
100% Martian regolith and a fourth consisted of 50% Martian regolith, 25% topsoil and 25%
perlite mixture by volume totaling 400 mL in each pot. To investigate the impact of different
fertilizers on the growth of the radishes, phosphorus or nitrogen fertilizers were added to treatment
pots with the 50% Martian regolith, 25% topsoil and 25% perlite mixture. The phosphorus rich
fertilizers were bone meal and super phosphate while the nitrogen rich fertilizers were worm
castings and urea. The amounts added were determined by the instructions on the packages. The
added amounts of fertilizers are shown in Table 1. There were duplicate samples for each treatment
pot resulting in an additional eight samples (Table 1).

Measurements

Weekly pH measurements were conducted by taking a spatula tip full of soil and mixing it
with 40 mL of distilled water. The soil/water mixture was allowed to sit for ten minutes before the
pH was measured. The soil samples were taken from the sides of the pots to minimize disrupting
the seeds and eventually the plants which had germinated. The electrical conductivity (EC) was
also measured weekly using the same soil/water mixture that was used for the pH sampling. The
EC measurements, however, were only performed from week 3 onwards to explain the lack of
growth.

Once the plants began to grow, the height of the tallest plant in each pot was measured in
centimeters, and the number of leaves on each plant was counted. At the beginning of the
experiment, the leaf surface area was measured using a mobile application called LeafByte.
However, as the plants grew and the number of leaves increased, measuring became difficult and

these measurements were discontinued after the third week of growth.



Replanting

After the first three weeks, not much growth was observed so new seeds were planted in
fresh pots. The soil composition in the new pots was adjusted by increasing the proportion of
topsoil from 25% to 40%, decreasing the perlite to 10% while keeping the Martian regolith at 50%
with the volume of the mixture totaling 200 mL as the new pots were 3-inch plastic pots purchased
from Amazon. After preparing the new soil mixture, the new seeds were planted, and regular
measurements were continued.

At the same time, new seeds were also replanted in the original pots in case some of the
seeds from the original pots were damaged or removed during pH and EC testing. The original soil
mixtures were kept unchanged, but fresh seeds were added to the original pots to give them another
chance for germination. Prior to replanting the fresh seeds, the soil mixtures were un-clumped.
Watering

Each pot was watered twice per week with the optimal amount of water determined to be
40 mL for the original pots and 30 mL for the replanted pots.

Data Collection and Analysis

Data was collected weekly and recorded in Microsoft excel and stored on the college’s one
drive system. The weekly data collection included pH measurements, electrical conductivity
measurements, plant height measurements and leaf surface area measurements. The leaf surface

area measurements were discontinued as the plant growth increased.



Analysis and Results

Table 1: Description of original soil samples for initial planting

Pot Number 1 2 3 4 5 [ 7’ 8 9 10 11 12
50% Martian | 50% Martian | 50% Martian | 50% Martlan | 50% Martian | 50% Martian | 50% Martian
Regolith, 25% | Regolith, 25% | Regolith 25% | Regolith, 25% | Regolith, 25% | Regolith, 25% | Regolith, 25% | 50% Martian S0 Martian
100% Martian | Top Soil, 25% | TopSoll 25% | TopSoil, 25% | TopSoll, 25% | TopSoil 25% | TopSol, 25% | TopSoll 25% | Regolith, 25% Top | Regolith, 25% Top
Soll Composition | 100% Top Soil | 100% Top Soil Simulant Perlite Perlite Perlite Perlite Perlite Perlite Perlite Soil, 25% Perlite Soil, 25% Perlite
1 tsp Bone 1 tsp Bone 1 tsp Worm 1 tsp Wionm 1/2 tsp Super 1/2 tsp Super
Am endmeent None None None Mone Meal Meal Castings Castings 1f2tspUrea | 1/2 tsp Urea Phosphate Phosphate:
Mz of
Aum endment g [ 0 0 [i] 8524 9.519 10.2 10.775 1783 2.058 4776 3.589
nssigned Mames | Control:100% | Control: 100%: | Control: 100% Regoltith ‘Worm Castings | Worm Castings
for Data Analyss Top Soil 1 Top Sail 2 Regolith M beture: Bonemeal 1 Bonemeal 2 1 2 Urea 1 Urea 2 Superphosphate 1 | Superphosphate 2
Table 2: Description of modified soil Samples for replanting
PFot Number 1 2 34 5 [ 7
50 topaodl, 507% topsoil, 507% topsoil, 50% topaodl,
40% Martian 40% Martian 40% Martian 40% Martian 50% topsoil, 40%
100 Martian | regolith, 10% regolith, 1084 regolith, 1084 regolith, 10% Martian regolith,
Sodl Composition 10 topsoil regolith parlite prlite prlite prlite 107 perlite
Aumen dment NN NN N Bone meal ‘Worm Castings | Urea Super Phosphate
Mass of Amendment () NN NN N 5693 15.125 2BEG 2892
Control:
Control:100% |Control: 100% |Regoltith
Assigned Name for Data Analysis Top Soil 1 Regolith Mixture Bonemeal Worm Castings | Urea Superphosphate
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Figure 1: Average pH of original soil samples over 8 week grow period
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Figure 2: Average pH of modified soil samples over 5 week grow period
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Figure 3: Growth of radishes over 8 week grow period in original soil samples
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Figure 4: Growth of radishes over 5 week grow period in original soil samples in which

seeds were replanted
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Figure 5: Growth of radishes over 5 week grow period in modified soil samples
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Figure 6: Average electrical conductivity values for original soil samples
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Figure 7: Growth of radishes in the original 100% topsoil and 100% Martian regolith
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Figure 8: Growth of radishes in the original worm castings amended sample
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Figure 9: Growth of radishes in the 100% topsoil and the worm castings sample (replanted

modified soil samples)
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Figure 10: Roots of radishes that grew in 100% topsoil samples

Figure 11: Roots of radishes that grew in the worm castings amended soil

Discussion and Conclusions

At the beginning of the growth period, twelve pots each containing three radish seeds were
planted. Four pots were designated as controls while the remaining eight pots served as treatment
samples (Table 1). During the first three weeks of the grow period, growth was only observed in
the control pots containing 100% topsoil and in treatment pot number seven, which included worm
castings as an amendment. Notably, the plant in pot number seven did not resemble a radish plant.
As a result, the soil in the original pots were loosened and new seeds were replanted.
Simultaneously, new sample pots were prepared with modified topsoil, perlite and regolith ratios
(Table 2). Since there were limited amounts of Martian regolith, duplicate samples for the modified
ratios were not prepared.
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Since radishes tend to grow in soil pH between 6.0 and 7.0, the pH of the soil samples was
monitored over the eight-week grow period with average values reported in figure 1 for the original
samples. The 100% topsoil samples (control) had an acidic pH while the 100% Martian regolith
(control) had a neutral pH. The mixture of 50% regolith, 25% and 25% perlite resulted in a slight
decrease in the pH of the soil, but it was not as acidic as the 100% topsoil. Soil samples amended
with worm castings demonstrated pH levels similar to the acidic 100% topsoil, while urea-
amended soil became more alkaline (Figure 1). The increase in soil alkalinity for the urea amended
soil is consistent with the hydrolysis of urea by the enzyme urease which is found in soils. The
urea is broken down to produce ammonia and carbon dioxide (Kansas State University, n.d.).
CO(NH2)2 + H2O —— 2NH3 + CO2
The ammonia then reacts with water in the soil and gets converted into ammonium ions which
temporarily increases the soil pH (Purdue University, n.d.).

NHs + H.O —— NHs* + OH"

In a typical topsoil environment, microbes in the soil should oxidize the ammonium ions through
nitrification producing hydrogen ions which will cause the soil to become acidic again. In the
Martian regolith, where there is an absence of soil microbes, the nitrification process may be
difficult contributing to the higher pH observed in the urea amended soil samples.

NHs* + 202 — NOsz + 2H* + H20

Similar trends were observed in the modified soil samples with the worm castings amended
soil samples being acidic in nature and the urea amended soil samples maintaining higher pHs
(Figure 2). The worm castings amendment of the modified soil samples had a lower pH than the
original worm castings amended samples, and this is believed to be a result of the increased topsoil

content (40% versus the original 25%).
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During the first three weeks of the growth period, growth was only observed in the 100%
topsoil samples and one of the treatment samples amended with worm castings. To investigate the
cause of this, electrical conductivity measurements were taken to determine if there were increased
levels of salts present in the soil samples that could be preventing growth. Soil electrical
conductivity measures the salt content in the soil and serves as an indicator of soil health. Soil EC
that is too high or too low can hinder the growth of crops; too high increases the probability of root
rot while too low indicates that the nutrients needed for growth are insufficient (Seeed Studio,
2022). Radishes thrive in EC ranging from 800 to 1,800 us/cm (Atlas Scientific, n.d.). Even though
most of the EC values for the samples fell in this range, growth was not observed in most of the
soil samples suggesting that electrical conductivity was not playing a role in the lack of growth of
the radish plants.

For the original samples, during the first three weeks, steady growth was observed in the
100% topsoil samples, plateauing after six weeks. One of the treatment samples with worm
castings also showed steady growth but the rate of growth was less than observed with the topsoil
samples (Figure 3). The lack of growth was attributed to the deficiency in organic matter in the
Martian regolith and so new seeds were replanted in modified soil ratios where the volume of the
topsoil was increased (Table 2). Simultaneously, the original soil samples which had gotten very
claylike were loosened and new seeds planted. Within two weeks of replanting, growth was
observed in the original pot containing the worm castings amendment and this growth remained
steady for the remainder of the grow period. Within four weeks of replanting, the new seeds in the
original regolith control mixture (pot number four containing 50% regolith, 25% topsoil, 25%
perlite) began to grow but this coincided with the end of the eight-week growth period, so no

further measurements were taken (Figure 4). For the modified soil samples, between week one and
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two, growth was observed in the 100% topsoil sample and the sample containing the worm castings
amendment. The relative growth rates (RGR) of the radishes were calculated using the equation
below to determine how the rates of growth in 100% topsoil compared to the rates of growth in

the Martian regolith soil mixtures.

In(M final)-In(M initial)
T final-T initial

RGR =

Where:

« M initial is the measurement at the beginning of the growing period

e M final is the measurement at the growing period

o T final-T initial is the total time interval (in weeks).
The original topsoil samples showed an RGR of approximately 1.8 cm/week and the regolith
mixture with worm castings showed a growth rate of approximately 1.4 cm/week. In the replanted
samples with the modified ratios, the topsoil sample showed a RGR of 1.2 cm/week while the
regolith mixture with worm castings showed a RGR of 0.9 cm/week. The RGR for the radishes in
the topsoil was higher than for the radishes in the Martian regolith mixture.

The hypothesis for this experiment stated that the type of fertilizer used would have
impacted either the bulbs of the radishes or the leaves. Throughout the grow period, the amended
samples that showed growth were the worm castings amended samples. Worm castings is a urea
rich fertilizer, and the expectation was to have healthy large leaves which was in fact observed
throughout the growth period for these samples (Figures 8 and 9). However, in addition to being
nitrogen rich, it is also rich in organic matter, beneficial bacteria, enzymes and plant remnants
making it an ideal fertilizer for Martian regolith which is lacking in organic matter. No growth was

observed in the urea amended samples and it’s being theorized that even though rich in nitrogen,
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it lacks the additional material possessed by the worm castings that is needed to supplement the
deficiency in the Martian regolith.

The bone meal and the superphosphate fertilizers were expected to help with bulb
development as they are both rich in phosphorus, but the plants under these conditions did not
germinate. The bone meal amended samples developed mold throughout the growth period while
no notable observations were made with the super phosphate amended samples. At the end of the
growth period, the samples which grew were harvested to determine if radish bulbs had been
formed. However, none of the plants which had germinated had a radish bulb. What was observed
however, was that the roots of the radishes that were in the 100% topsoil were very healthy and
well-formed while the roots of the radishes that germinated in the Martian regolith samples were
very thin and shallow (figure 10 and 11).

Upon reviewing all the data, it appears that what impacted the growth of the radishes was
the presence of organic matter. The radishes planted in 100% topsoil germinated and flourished
over the eight-week growth period as organic matter is consistently present in topsoil. For the
amended samples, germination and consistent growth were only observed in the worm castings
amended soil samples. The worm castings provided additional organic matter which may have
contributed to the observed growth. This additional organic matter was not present in the other
amended samples. The urea amended samples had a very high pH which was not conducive to
plant growth, the bone meal amended samples developed mold and no activity was observed in
the super phosphate amended samples.

The choice of fertilizer when growing plants in Martian regolith, should be one that will
provide organic matter to the regolith. One surprising development which was observed towards

the end of the experiment was the growth in the Martian regolith control mixture (pot 4). The
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germination took longer than with the other samples but perhaps with the appropriate mixture of
regolith to topsoil which will provide organic matter, growth is possible. This has led the team to
believe that growth is possible in the Martian regolith even without the aid of fertilizers. However,
since the germination period was so slow, the regolith may need some assistance in ensuring that
the nutrients are being absorbed efficiently by the plants. The use of microbial inoculants such as
Bradyrhizobium may be beneficial in this process. This experiment could be improved by using a
mix of regolith, topsoil and perlite along with worm castings as a fertilizer to provide additional
organic matter. The use of microbial inoculants can also be added to enhance the absorption of

nutrients being provided by the topsoil and the worm casting.
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Appendices
Raw Data for Original samples

Table 1: pH of original samples over 8-week growth period

#4 #7:50% #8: 50% #11:50% |#12:50%
Contral:  [#5:50% Martian Martian H10:50% |Martian Martian
S50% Martian H6: 50% Simulant, |Simulant, #9:50% Martian |Simulant, |Simulant,
# Martian  |Simulant, |Martian 25% Top 25% Top Martian Simulant, |25% Top  |25% Top
#1 42 Control:  |Simulant, |25% Top  |Simulant, Soil, 25% |Seil, 25% Simulant, 25%Top |Soil, 25% |Soil, 25%
Control:10 |Control:1 [100% 25%Top |S0il, 25% |25% Top Soil, |Perlite, Perlite, 25% Tap Soil, 25% |Perlite, Perlite,
0% Top 00% Top |Martian  |Soil, 25% |Perlite, 25% Perlite, |worm worm Soil, 25% Perlite, |super super
Date Week |Soil Sail Simulant |Perlite bonemeal |bone meal castings castings Perlite, urea |urea phosphate|phosphate
30-5ep 6.08 5.93 7.6 6.63 7.68 7.24 6.85 7.72 7.73 5.6 7.14
T-0Oct 6.72 6.61 7.71 7.35 7.4 7.09 641 6.55 2.4 8.3 6.79 687
14-Oct 6.4 6.41 6.58 6.63 7.31 7.08 6.48 6.19 7.65 8.12 6.76 6.76
21-0ct |4 6.04 5.03 6.57 6.75 7.26 7.28 6.81 6.63 7.23 8.01 65.73 681
28-0ct 6.46 6.45 7.05 7.05 7.07 7.09 6.71 6.63 2.1 7.78 7 6.99
4-Mov 6.5 5.19 7.61 7.08 7.35 7.2 6.84 6.53 7.29 7.2 5.55 6.63
10-Mov 6.54 6.21 7.15 6.94 7.28 7.21 6.78 6.53 7.9 7.36 6.76 6.58
17-Mov 6.25 3] 7.24 7.02 6.81 6.86 6.57 6.69 6.89 7.55 7.04 6.96

Table 2: Plant height of original samples over 8-week growth period

#11:50% |#12:50%
#1 #5:50% (M6:50% |A7:50% |#B:50% Martian Martian
Contral:  |Martian  |Martian  [Martian  |Martian  |#9:50% [#10:50% |Simulant, |Simulant,
50% Simulant, |Simulant, |Simulant, [Simulant, |Martian |Martian  |25% Top [25% Top
M Martian 25% Top |25%Top |25%Top |25%Top |Simulant, |Simulant, |Soil, 25% |Soil, 25%
#1 #2 Contral:  [Simulant, |Soil, 25% |Soil, 25% (Soil, 25% |Soil, 25% |25%Top |25%Top |Perite Perlite
Contral:1 |Control: |100% 25% Top |Perlite Perlite Perlite Perlite Soil, 25% |Soil, 25% |super super
00% Top |100% Top |Martian  |Soil, 25% |bone bone wiorm worm Perite Perlite phosphat |phosphat
Date Week Sail Sail Simulant |Perlite meal meal castings  |castings |urea urea [ [
30-5ep 1] a 1] 0 1] a 1] 0 a a 1] 0
T-Dct 5 4.5 a a a a 0.5 a a a a a
14-Dct BB 6.5 a a a a 0.5 a a a a a
21-Dct |4 105 7.7 a a a a 1 a a a a a
28-Dct 10.8 B3 2.5
4-Nov 9 B 3 4
10-MNov BE B.5 3.8 6.5
17-Mov 8.5 B 35 4 B
24-Nov
MNotes plant height measured inem

Table 3: Electrical conductivity values for original samples over 8-week growth period

M #7:50% #8:50% #11:50% [#12:50%
Control:  |#5:50% |#6:50% Martian Martian  |#9:50% |#10:50% |Martian Martian
50% Martian Martian Simulant, |Simulant, |Martian Martian Simulant, |Simulant,
n Martian Simulant, |Simulant, |25% Top |(25%Top [Simulant, |Simulant, |25% Top |[25% Top
#1 H2 Control:  |Simulant, |25%Top |25%Top |Soil, 25% (Soil, 25% |25% Top |25%Top |Soil, 25% |Soil, 25%
Control:l |Control:1 [100% 25% Top |Soil, 25% |Soil, 25% |Perlite, Perlite, Soil, 25% |Soil, 25% [Perlite, Perlite,
00% Top |00% Top |Martian  |Soil, 25% | Perlite, Perlite, warm warm Perlite, Perlite, super super
Date Week Seil Seil Simulant |Perlite bonemeal |bone meal |castings  |castings  |urea urea phosphate|phosphate
14-Oct 107.2 152.3 1260 925 1226 2267 1519 1232 2159 1514 1858 1620
21-0ct 4 148.8 115.2 2142 575 1125 1064 SE0 207 3004 2000 1232 1184
28-Oct 134.5 205 713 985 1164 11738 1462 1530 1772 2682 1014 1336
A-Nov |6 65.2 357 1526 672 1461 1474 872 1116 1550 651 aa7 6E5
10-Now 285 369 508 558 1335 1931 B95 T48 1580 1065 692 522
17-Now ar 205 1097 496 1011 750 809 717 558 859 553 7393
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Table 4: pH of replanted samples over 5-week growth period

50% topsoll, [50% topsoll, |50% topsell, |50% topseil, |50% topsoil,
4% Martian  |40% Martian [40% Martian |40% Martian |40% Martian
100% Martian |regolith, 10% |regolith, 10% |regolith, 10% |regolith, 10% |regolith, 10%
Week 100% topsail |regolith perlite perlite perlite perlite perlite
21-0ct |1 .06 5.42 6.27 6.17 5.7% 646 5.96
28-0ct |2 6.3 599 6.72 7.31 5.26 862 5.45
3-Mov |3 6.39 723 6.91 685 6.13 5.29 5.19
11-Mov |4 6.47 7.18 6.52 685 5.51 8.34 6.37
18-Mov |5 686 577 6.59 7.03 6.14 865 5.91
Table 5: Plant height of replanted samples over 5-week growth period
50% topsoll, [50% topsoll, |50% topsell, |50% tepseil, |50% topsoil,
40%, Martlan |40% Martlam |40% Martian |40% Martian |40% Martian
100% Martian |regolith, 10% |regolith, 10% |regolith, 10% |regolith, 10% |regolith, 10%
Week 100% topsail |regolith perlite perlite perlite perlite perlite
21-Oct o ]
28-Oct 3 0.5
4-Mov 35 1
10-MNov (4 5 2
17-Mov 5 2

Notes: measured in cm

Table 6: Electrical conductivity values for replanted samples over 5-week growth period

50%, B0 E0% 0% 50
topsoil, topsedl, topsudl, topsail, topsaoil,
0%, 40%, 40% 0%, 4%
Martiam Martian Martian Martian Martian
100%, regolith, regolith, regolith, regolith, | regolith,
100%% Martian 10%, 10% 10% 10%, 10
Diate Week topsail regalith perlite perlite perlite perlite perite
21-0ct
2B-Oct 751 1472 545 165 751 1514 258
4-Mov 152 1194 | (el 430 T45 1034 420
10-Mov |4 77 851 54 DEE 637 Gia2 B3
17-Mow I8 347 THE o713 T34 299 1464

Motes: measured in microsiemensfcm
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Pictures

Pictures of original samples

Figure 1: Soil prep

Figure 3: Week 2
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Figure 6: Week 5
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Figure 9: Week 8
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Replanted Samples

Figure 12: Week 3
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Figure 14: Week 5
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