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Abstract 

Our primary focus for the experiment is to test various pinewood forms—sawdust, wood 

chips, and wood shavings—which differ in particle size and water retainment. Based on our 

extensive experience and prior research on the effect Martian Regolith has on plant growth, we 

chose pine wood due to its lightweight properties, affordability, versatility, (Pam, 2024) along 

with the superior moisture retention and dispersion, longevity, and environmental benefits (Snell 

& Snell, 2024). These physical properties within the various wood grain mediums will be 

analyzed to determine influence on plant growth, including factors such as structure, water 

retention, temperature, and nutrient availability.  

Wood grains were mixed throughout the Martian regolith compositions as a water 

transfer medium in varying amounts. To observe the effects that the additive has on amendment 

with plant growth, specifically within Martian regolith. Our previous experiment tested the 

additive of a gel-based nutrient matrix as a nutrient additive. After establishing that our previous 

experiment was successful, we decided to have a new approach to this experiment. 

 For this experiment, our plant choice was chickpeas (Cicer arietinum L.), as it 

demonstrates its adaptability and tolerance to various conditions, specifically in semi-arid and 

arid conditions. With the harsh dry conditions of Mars, the chickpea serves as a promising plant 

to grow, especially when considering the health benefits they provide to the human body. The 

nitrogen fixation properties of chickpeas also serve as a potential outreach in Martian expansion, 

as Mars regolith is void of much nitrogen all together.  

 

 

 



   
 

   
 

Hypothesis 

The addition of pinewood-based amendments will increase porosity and aeration in 

Martian regolith–based mixtures, thereby enhancing water retention and creating more favorable 

conditions for plant growth. We predict that these improvements in structure will lead to higher 

germination rates and healthier overall development of chickpea plants compared to regolith 

without amendments.  

Experimental Design 

In our experiment, we planted Chickpeas into 15 clay pots with various makeup: 7 pots 

containing 100% Earth, 4 pots containing 100% Martian regolith, and 4 pots containing a 50/50 

mix. Three chickpea seeds were planted in each pot to average the data collected.  

Our setup contained 5 groups, Group A with an additive of sawdust, Group B with wood 

shavings, and Group C with wood chips. Group D served as a control group without any 

additives, and Group E served as an Earth timeline for comparison. Groups A, B, and C 

demonstrate the experimental groups for our experiment. The experiment was designed this way 

to ensure the results of the experimental groups were accurate and had control groups to 

accurately contrast the growth without the additives.  

The experiment was conducted in a fume hood, and our team followed a schedule to 

water and monitor growth. The plants receive 40mL of water twice every weekday, once in the 

morning and afternoon. A spaced watering schedule allowed the plants to receive and utilize the 

water over time. Within the fume hood, a 6 hour daily light cycle was installed to keep the data 

consistent. 

 



   
 

   
 

Figure 1 Group A Group B Group C Group D Group E 

Martian Pot 75ml Martian 

Regolith 75ml 

Sawdust 

75ml Martian 

Regolith 

75g Wood 

Shavings 

75ml Martian 

Regolith 

75ml Wood 

Chips 

150ml Martian 

Regolith 

150ml 

Earth  

50/50 Pot 50ml Martian 

Regolith 

50ml Earth  

50ml Sawdust 

50ml Martian 

Regolith 

50ml Earth  

50ml Wood 

Shavings 

50ml Martian 

Regolith 

50ml Earth  

50ml Wood 

Chips 

75ml Earth 

75ml Martian 

Regolith 

150ml 

Earth  

 

Earth Pot 75ml Earth  

75ml Sawdust 

75ml Earth  

75ml Wood 

Shavings 

75ml Earth  

75ml Wood 

Chips 

150ml Earth  150ml 

Earth  

 

Variables: 

Independent Variables: 

The experiment manipulated two primary independent variables: composition and 

amendment type. Composition was varied across three levels, pure Martian regolith, pure Earth, 

and a 50/50 Martian–Earth mixture, to assess how differing substrate properties influence plant 

performance.  



   
 

   
 

Each of these types was paired with one of four amendment conditions: sawdust, wood 

shavings, wood chips, no amendment (control), or timeline group. These treatments produced a 

structured matrix of environments that allowed direct evaluation of how composition and organic 

amendment interact to affect plant growth in Martian-regolith systems.  

Dependent Variables: 

Plant growth was quantified by measuring stem height (cm) using a standard metric ruler 

at each observation period. Plant health was assessed through systematic visual inspection of 

morphological traits. Indicators recorded included the presence or absence of leaves, leaf 

coloration (categorized as light green, dark green, or yellowing), and any signs of physiological 

stress or decline (diseased tissue or mold growth). Soil water retention was also measured 

visually to evaluate the effectiveness of moisture retained within the wood additives. These 

metrics served as the primary dependent variables for evaluating plant performance across types 

and treatments. 

Constant: 

Several factors were held constant across all experimental groups to ensure that plant 

responses could be attributed to manipulated conditions rather than external variability. An 

additional Earth-only timeline (group E) functioned as a comparative baseline representing 

optimal terrestrial growing conditions. Mass was standardized, with each pot receiving an equal 

quantity by mass. Seeds were planted with similar depth and spacing. Lighting was controlled by 

an automated timer on a 6-hour interval to ensure a consistent photoperiod. Each pot was sprayed 

ten times every morning with a nutrient-tea solution. 



   
 

   
 

The nutrient tea was prepared by placing fertilizer pellets into distilled water on a hot 

plate stirrer, allowing them to dissolve, then straining the remaining pellet debris, and then 

repeating the process with the leftover material. The concentrated mixture was then diluted to a 

10:1 ratio consisting of 100 mL distilled water and 10 mL of unsaturated nutrient tea.  

Plants were irrigated twice daily with 40 mL of distilled water. Following each irrigation 

event, aeration was performed using a steel rod to reduce surface accumulation and promote 

deeper movement of water and nutrients toward the root zone. By keeping these environmental 

and maintenance conditions constant, the study isolated the effects of composition and 

amendment type as the sole independent variables.  

Results/Discussion and Conclusions 

Through the differing growth occurring within our experiment, substantial data was 

found, deepening our knowledge on the wood grain additive to composition relationship. Within 

our experiment, we found phenomenal growth in experimental groups we did not expect, 

surpassing our standards and expectations.  

Across treatments, plant growth outcomes varied considerably, based on both 

composition and the type of wood-based amendment used. In the Earth-only timeline group 

(Group E), about 80% of the plants germinated and grew successfully, establishing a reliable 

reference point for normal development under favorable terrestrial conditions. As expected, this 

group provided the comparative benchmark for evaluating the effects of Martian regolith 

stimulant and the amendments.  

 

 



   
 

   
 

Figure 1: 

 

 

    

 

In the no-additive control (Group D), germination occurred only in the pure Earth and in 

the 50/50 Earth–Martian regolith mixture. No plants germinated in Group D with Martian 

regolith without amendments, reinforcing the well-established limitations of the Martian regolith, 

including poor nutrient availability, low organic content, and inadequate structure for water 

retention and aeration. These results confirm that unmodified Martian regolith cannot 

independently support seed germination under the conditions tested. 

Figure 1 
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The sawdust treatment (Group A) produced the most unexpected and informative 

outcomes. While growth in Earth soil with the sawdust additive occurred for only one seed, 

sawdust was the only amendment that supported germination in all pure Martian regolith. This 

finding is significant because none of the other amendments, nor the control, supported any 

growth in 100% Martian regolith. The fine, structure of sawdust likely enhanced aeration and 

water distribution, allowing for the minimal but successful germination of the chickpea plants. 

Though growth was limited in magnitude, its occurrence demonstrates that sawdust can function 

as an effective amendment for improving the physical qualities of Martian regolith.  

  

In contrast, the wood shavings (Group B) and wood chips (Group C) treatments produced more 

limited and comparable results. Each amendment supported germination in one Earth pot and 

Figure 6 

Figure 6 



   
 

   
 

one 50/50 mixture pot, but neither amendment enabled germination in any pure Martian regolith 

pot. The larger particle size of shavings and chips likely hindered sufficient root contact, reduced 

moisture retention, and provided less uniform aeration compared to the finer sawdust. These 

outcomes highlight that not all wood-based amendments provide the same functional benefits, 

and that particle size plays a critical role in modification. 

 

 

Across treatments, plant 

growth outcomes varied based on 

both composition and amendment 

types. In the Earth-only baseline group (Group E), all plants grew successfully, establishing a 

consistent reference for normal development under Earth conditions. In the no-additive control 

(Group D), plant growth occurred only in the pure Earth and the 50/50 Earth–Martian mixture. 

No plants germinated in the pure Martian regolith without amendments. The sawdust treatment 

(Group A) produced mixed results; growth in the regolith occurred in the Earth regolith, and 

50/50 Earth-Martian regolith mixture, but sawdust was the only amendment that enabled 

germination in pure Martian regolith.  

 Plants also sprouted in the 50/50 mixture. Both the wood shavings (Group B) and wood 

chips (Group C) treatments resulted in limited but comparable outcomes. Each amendment 

supported the germination of one plant in Earth regolith and one plant in the 50/50 Earth-Martian 

regolith mixture, but neither supported any germination in pure Martian regolith. These observed 

Figure 8 



   
 

   
 

outcomes reflect the direct effects of the composition and additive type on plant germination and 

survival under the experimental conditions. 

Reflecting on our prior hypothesis; though the wood shavings and wood chip additives 

portrayed similar growth compared to the control and earth-timeline, the amendment of sawdust 

proved the most potential, as growth without any addition Earth was not needed. Due to the size 

of the sawdust grains, both the Martian regolith and sawdust were able to blend exceptionally 

well. The water retention of group A exceeded our initial watering predictions when left 

unattended over a week-long break. Past the growth period, group A was left un-watered, and the 

regolith presented signs of enhanced growth and higher water retention. Unlike the fine particle 

size of the sawdust amendment, we concluded that the wood chips and shavings additive allowed 

for most of the Martian regolith to pass through its larger gaps, leading to the accumulation of 

regolith at the bottom of the pot. Likewise, in the more larger grain compositions like the 50/50 

mix and pure Earth soil, we see how the larger wood grain additives accumulate well with the 

soil and allow for better aeration and water retention compared to the sawdust additives in these 

compositions.  

 

 

Improvements 

Although our experiment had 

growth in most of our groups, there are 

still improvements that can be 

made for future experimentation. A key issue that arose was minimally focusing on the light 

Figure 9 



   
 

   
 

cycle of the plants; we realized that the light was contributing to the plants' deteriorating health. 

Originally the light was kept constant at 12-hour light cycle, 6 hours twice a day, to reduce 

variations in data analysis prior to the experiment. As the experiment progressed, signs of 

yellowing and deterioration were seen among the plants. Through external research about 

chickpea light requirements, we concluded that the light cycle induced among the plants was a 

factor to poor health, reducing the timing to only 6 hours a day, resulting in improved plant 

quality. Henceforth, we plan to adjust the light cycles according to what the individual plants 

need based on data acquired about traditional growth in Earth regolith. 

 In addition to the light cycle, insufficient pot space was an obstacle our team faced. With 

the need to negate error within our experiment, multiple seeds were planted to average data 

among our groups, resulting in the compact conditions of the seeds. Furthermore, a limited 

supply of Martian regolith limited the amount we could add to each pot. Alongside this 

throughout the experiment, the plants became overwatered due to not accounting for how much 

water each additive would retain. To improve future experiments, a greater volume of regolith, a 

shorter light cycle, and a less amount of water would lead to improved growth within our 

experiment. 
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