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Introduction 

Lunar regolith simulant is a notoriously challenging substrate for supporting plant growth 

due to its extreme physical, chemical, and biological limitations. The lunar surface, having 

evolved entirely without a biosphere, consists of a microbially inert substrate that lacks the 

foundational biological community necessary to support terrestrial plant microbe interactions 

(Fackrell et al., 2024). This absence of microbial life also corresponds with a complete lack of 

organic matter, which severely limits the substrate’s ability to retain water, store and release 

nutrients, and develop the structural stability typical of soils on Earth. As a result, lunar regolith 

simulant behaves less like soil and more like a dry, abrasive mineral matrix, hostile to plant life. 

The physical properties of lunar regolith further compound these challenges. Its highly 

angular particles vary widely in size and can pack densely, leading to compaction that restricts 

root penetration and requires plants to expend additional energy to establish a functional root 

system (Fackrell et al., 2024). These same particle characteristics may inhibit water absorption 

and retention, causing rapid desiccation and reduced aeration, making microbial colonization 

difficult, even when microbes are introduced artificially. Chemically, lunar highland regolith is 

extremely deficient in essential plant nutrients, particularly nitrogen, and contains only poorly 

soluble forms of phosphorus, requiring significant nutrient supplementation for acceptable plant 

growth (Fackrell et al., 2024). 

 

Theory 

Because microbial symbioses play central roles in nutrient acquisition, water regulation, 

stress tolerance, and soil aggregation in terrestrial ecosystems, the biological sterility of regolith 

represents a major barrier to its use in extraterrestrial agriculture. One promising strategy for 
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mitigating these limitations is the introduction of arbuscular mycorrhizal fungi (AMF). More 

than 80% of terrestrial plant species form symbiotic associations with AMF, which enhance plant 

nutrition, modulate root architecture, and improve resilience to environmental stress (Bhantana et 

al., 2021; Boyno et al., 2025). AMF provide substantial increases in the uptake of phosphorus 

and nitrogen and can help regulate water relations by improving root water uptake patterns. They 

also contribute to the stabilization of soil-like structure through hyphal networks, increasing 

aggregation and improving both water and nutrient retention (de Goede et al., 2025). 

Beyond nutrient dynamics, AMF profoundly enhance plant tolerance to abiotic stressors 

such as drought, salinity, oxidative stress, and exposure to toxic metals. Recent studies 

demonstrate that AMF can mitigate damage from metal contamination by enhancing antioxidant 

defenses, sequestering metals in root tissues, adjusting root metabolic pathways, and 

restructuring the rhizosphere microbiome to buffer environmental stress (Yang et al., 2025; Deng 

et al., 2025; Banerjee et al., 2025; Zhang et al., 2025). Although these studies are based on 

terrestrial soils, the mechanisms they describe, including protection against oxidative damage, 

maintenance of membrane stability, nutrient limitations (i.e. Nitrogen), and modification of root 

exudates, are highly relevant to lunar regolith, which contains aluminum oxides, iron oxides, and 

silicon-oxides, all of which are capable of inducing similar cellular stress responses in plants 

(Rout et al., 2001). 

Seedling establishment represents one of the most vulnerable stages of plant 

development, and the extreme physical and chemical limitations of lunar regolith simulant 

disproportionately affect early root emergence, water uptake, and nutrient acquisition. Because 

AMF colonization also initiates during early root development, the seedling stage offers a 

biologically meaningful window to assess whether AMF can germinate, establish symbiosis, and 
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confer measurable functional benefits under regolith-like conditions. Multiple studies have 

shown that AMF inoculation enhances early developmental performance by improving nutrient 

uptake, shoot and root biomass, and physiological resilience within the first weeks of growth 

(Birhane et al., 2023; Ortas et al., 2013). AMF are also known to modulate water interaction 

within the soil and nutrient absorption during these early phases, making early-stage biomass a 

sensitive and can potentially be used as a proxy for evaluating AMF functional effectiveness 

(Wahab, 2023). Thus, focusing on seedlings not only aligns with the biological timeline of AMF 

symbiosis but also provides an experimentally tractable framework for assessing AMF 

functionality in lunar regolith. 

Despite these well-documented terrestrial benefits, very little is known about whether 

AMF can successfully colonize plant roots or function effectively in extraterrestrial substrates 

such as lunar regolith simulant. AMF symbiosis depends on a sequence of tightly regulated 

events. Spore germination, hyphal growth toward the root, the establishment of chemical 

signaling between partners, appressorium formation on the root surface, and subsequent 

development of intracellular arbuscules that mediate nutrient exchange have previously been 

documented and studied (Bonfante & Genre 2008; Genre et al., 2008; Parniske, 2008). Each 

stage requires environmental cues and substrate characteristics that may be absent in biologically 

sterile, nutrient-poor, and structurally inhospitable materials like lunar regolith (Gianinazzi‐

Pearson et al., 2007; Bonfante & Genre 2008; Genre et al., 2008; Parniske, 2008; Fackrell et al., 

2024; Setiawan et al., 2023). 

On Earth, successful AMF colonization is consistently associated with increases in plant 

biomass, particularly under nutrient-poor or high stress conditions. Meta-analyses and 

experimental studies demonstrate that AMF inoculation significantly increases shoot and root 
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biomass, enhances nutrient uptake, and promotes root system development across diverse plant 

taxa (Banerjee et al., 2025; Zhang et al., 2025). Because biomass integrates the multiple 

physiological benefits conferred by AMF, it serves as a meaningful and practical proxy for 

determining whether functional symbiosis occurs within a given substrate. Despite emerging 

interest in microbial augmentation of extraterrestrial substrates, no peer-reviewed study has yet 

demonstrated successful AMF root colonization or any corresponding biomass enhancement in 

plants grown in lunar regolith simulant (Atkin, 2025). 

Building from the limitations identified above, this study aims to determine whether Glomus spp. 

can establish functional symbiosis and influence early plant development in lunar regolith 

simulant. This project is guided by the following questions: 

1. Does inoculation with Glomus spp. enhance above-ground and below-ground biomass 

production in seedlings grown in lunar regolith simulant? 

2. Is the extent of AMF root colonization positively associated with biomass outcomes in 

seedlings grown in lunar regolith simulant? 

Hypotheses 

Biomass Enhancement Hypothesis 

• Hₐ₁: Seedlings inoculated with AMF species will exhibit significantly greater shoot and 

root biomass compared to uninoculated controls. 

• H₀₁: AMF inoculation will have no effect on shoot or root biomass. 
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Colonization–Biomass Relationship Hypothesis 

• Hₐ₂: AMF root colonization levels will be positively associated with biomass 

accumulation, such that higher colonization corresponds to greater plant growth. 

• H₀₂: AMF root colonization will not be associated with biomass accumulation in 

seedlings. 

Measurement and Methods 

Experimental Design 

This study investigated whether arbuscular mycorrhizal fungi could colonize plant roots 

and enhance early biomass production in seedlings grown in a lunar regolith simulant. A 2 × 2 

factorial design was implemented with substrate type (regolith or soil) and inoculation status 

(AMF-inoculated or control) as fixed factors. Plants were grown individually in separate 

containers, and the final number of biological replicates depended on germination success. Two 

preliminary growth attempts failed due to extreme substrate alkalinity caused by fertilizer 

hotspots in small containers and exacerbated by the addition of biochar. To prevent further 

nutrient-driven pH spikes, the regolith was subsequently rinsed several times with reverse 

osmosis water before restarting the experiment. The successful trial proceeded for 20 days from 

transplanting, allowing seedlings to reach early developmental stages at which AMF colonization 

typically appears. Cherry tomato (Solanum lycopersicum var. cerasiforme) and Serrano pepper 

(Capsicum annuum) seeds were germinated indoors under controlled conditions. Upon radicle 

emergence, seedlings were transplanted into individual pots containing either soil or amended 

regolith. All plants were handled uniformly to minimize transplant shock. 
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Substrate Preparation and AMF Inoculation 

The extraterrestrial growth medium used in this study was Lunar Highlands Simulant-

Engineering Grade (LHS-1E), selected because its mineral composition and nutrient deficiencies 

approximate those of true lunar highland regolith. Lunar highland regolith is extremely low in 

nitrogen and contains minimal bioavailable phosphorus, presenting significant limitations to 

plant growth (Fackrell et al., 2024). Engineering and mineralogical characteristics relevant to 

plant-substrate interactions were discussed by Duri et al. (2022). To improve water retention and 

create microhabitats suitable for AMF propagules, the simulant was lightly amended with <1% 

clay, <1% biochar, and small strips of filter paper. Approximately 45 mL of prepared substrate 

was placed into each container. The soil treatment consisted of a commercially available potting 

mix used without modification. 

AMF treatments were inoculated using a commercial granular formulation (Root Naturally 

LLC). For each AMF-treated pot, approximately 2 grams of the clay-based inoculum were mixed 

into the substrate at the depth of the developing root system. Control pots received no inoculum. 

Although marketed under traditional Glomus nomenclature, the inoculum contains species now 

assigned to updated genera: 

• Rhizophagus irregularis (formerly G. intraradices) 

• Funneliformis mosseae (formerly G. mosseae) 

• Claroideoglomus etunicatum (formerly G. etunicatum) 

• Glomus aggregatum 
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Growth Conditions 

All plants were grown indoors under a 12-hour light/12-hour dark photoperiod provided 

by red and blue artificial grow lights. Containers were watered every three days to maintain 

substrate moisture between 30% and 50%. No fertilizer was added during the successful 

experimental run to avoid the pH instability that caused earlier plant mortality. Substrate pH, 

moisture content, light intensity, and nutrient levels were measured every three days. 

Plants were harvested on day 20 of growth. Shoots were clipped at the substrate surface 

and both shoots and roots were rinsed gently to remove debris. The following measurements 

were recorded for each plant: wet shoot biomass, wet root biomass, shoot length, primary root 

length, and number of lateral roots. Due to the small mass of the plant segments, none of the 

samples were dried, as an analytical scale was not available to make measurements below 0.01g. 

These measurements captured early-stage biomass allocation patterns. 

 

Analysis and Results 

Staining and Quantification 

Fine root segments were collected from each plant and processed following established 

AMF visualization techniques. Roots were cleared in 10% potassium hydroxide (KOH) and 

stained using a 5% ink–vinegar using a slightly modified protocol from Vierheilig et al. (1998), a 

rapid and non-toxic staining approach widely used for AMF detection. Stained roots were 

mounted in a medium composed of 45% polyvinyl acetate and 55% water, and 99.5% glycerin at 

a 4:1 ratio. 

Root colonization was quantified using a modified protocol similar to the gridline 

intersect method of Giovannetti and Mosse (1980). Roots were examined microscopically at 
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100X total magnification, and four micrographs were taken per plant. Each image contained 25 

intersection points, yielding 100 total scored intersections per sample. Intersections displaying 

AMF structures (hyphae, arbuscules, or vesicles) were recorded as colonized.  

 

Statistical Analysis 

All statistical analyses were performed in R. Results were analyzed using a two-way 

ANOVA with substrate type and inoculation treatment. Tukey’s HSD test was used for pairwise 

comparisons using α=0.05.  

Table 1. Summary statistics based on collected plant data for tomato and pepper plants.  

  Pepper   Tomato 

  Mean 

Std. 

Dev Var. 

Std. 

Error   Mean 

Std. 

Dev Var. 

Std. 

Error 

Shoot Length (mm) Shoot Length (mm) 

Regolith AMF NA NA NA NA Regolith AMF 38.60 6.58 43.30 2.94 

Regolith 23.00 NA NA NA Regolith 39.67 3.93 15.47 1.61 

Soil AMF 34.83 13.41 179.77 5.47 Soil AMF 84.00 19.42 377.00 8.68 

Soil 41.00 9.70 94.00 4.85 Soil 73.43 20.06 402.29 7.58 

 

Shoot Mass (g) Shoot Mass (g) 

Regolith AMF NA NA NA 0 Regolith AMF 0.08 0.03 0.00 0.01 

Regolith 0.02 0.01 0.00 0.01 Regolith 0.05 0.06 0.00 0.02 

Soil AMF 0.16 0.07 0.01 0.03 Soil AMF 0.59 0.10 0.01 0.05 

Soil 0.27 0.09 0.01 0.04 Soil 0.54 0.13 0.02 0.05 

 

Root Length (mm) Root Length (mm) 

Regolith AMF 37.0 NA NA NA Regolith AMF 31.14 21.70 470.81 8.20 

Regolith 20.0 9.9 98.0 7.0 Regolith 32.33 21.03 442.27 8.59 

Soil AMF 24.3 10.0 99.9 4.1 Soil AMF 38.40 7.13 50.80 3.19 

Soil 29.0 4.5 20.7 2.3 Soil 53.29 34.94 1220.57 13.20 

 

Root Mass (g) Root Mass (g) 

Regolith AMF 0.04 NA NA NA Regolith AMF 0.05 0.03 0.00 0.01 

Regolith 0.01 0 0 0 Regolith 0.02 0.02 0.00 0.01 

Soil AMF 0.05 0.04 0.00 0.01 Soil AMF 0.45 0.17 0.03 0.08 

Soil 0.09 0.07 0.01 0.04 Soil 0.39 0.16 0.03 0.06 
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Lateral Root Count 

 

 

Lateral Root Count 

Regolith AMF 2.00 NA NA NA Regolith AMF 9.43 3.82 14.62 1.45 

Regolith 4.50 0.71 0.50 0.50 Regolith 6.17 3.82 14.57 1.56 

Soil AMF 4.67 2.07 4.27 0.84 Soil AMF 10.20 4.71 22.20 2.11 

Soil 6.25 6.34 40.25 3.17 Soil 12.86 4.78 22.81 1.81 

 

% Inoculation Pepper % Inoculation Tomato 

Regolith AMF 51.2% NA NA NA Regolith AMF 19.7% 12.0% 1.4% 4.5% 

Regolith 36.3% 28.5% 8.1% 20.1% Regolith 21.9% 9.4% 0.9% 3.9% 

Soil AMF 20.9% 12.3% 1.5% 4.4% Soil AMF 14.3% 8.4% 0.7% 3.4% 

Soil 30.2% 14.8% 2.2% 6.1% Soil 19.0% 7.2% 0.5% 2.9% 

          

 

Table 2. Table shows the results from the Tukey’s pairwise 

comparisons. Values in bold indicate a significant difference. 

Pair Comparison 
Tomato Shoot 

Mass 
Tomato Root 

Mass 
Regolith Control-Regolith AMF 0.91656 0.97794 

Soil AMF-Regolith AMF 0.00000 0.00004 

Soil Control-Regolith AMF 0.00000 0.00009 

Soil AMF-Regolith Control 0.00000 0.00003 

Soil Control-Regolith Control 0.00000 0.00006 

Soil Control-Soil AMF 0.86012 0.83176 
   

Pair Comparison 

Pepper Shoot 

Mass 

Pepper Root 

Mass 

Regolith Control-Regolith AMF 0.95984 - 

Soil AMF-Regolith AMF 0.99761 - 

Soil Control-Regolith AMF 0.83138 - 

Soil AMF-Regolith Control 0.76612 0.11977 

Soil Control-Regolith Control 0.34056 0.01045 

Soil Control-Soil AMF 0.66606 0.10798 

 

Table 3. Number of samples per treatment group. n=number of samples. 

  

Tomato 

Growth 

Data 

Pepper 

Growth 

Data 

Pepper 

Scoring 

Data 

Tomato 

Scoring 

Data 

Regolith AMF n=7 n=1 n=1 n=7 

Soil Control n=8 n=4 n=6 n=6 

Regolith Control n=6 n=2 n=2 n=7 

Soil AMF n=5 n=6 n=8 n=8 
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Effects of Substrate and AMF on Tomato Seedlings 

Biomass Responses 

Tomato growth was strongly constrained by the lunar regolith simulant. Tukey HSD 

comparisons showed no significant difference in shoot or root biomass between AMF-inoculated 

and uninoculated plants grown in regolith (shoot mass: p = 0.9166; root mass: p = 0.9779). In 

contrast, both soil treatments exhibited dramatically higher biomass than any regolith treatment 

(all p < 0.0001). 

 

 

 

 

 

 

Figure 1. This figure shows the comparison of above ground biomass for tomato plants (a) and 

pepper plants (b). There is no significant difference between each substrate type control and 

experimental treatment (p > 0.05). Error bars indicate standard error. 

 

Response ratios further quantified these differences. Within regolith, AMF treatment 

produced only modest biomass increases (shoot mass RR = 0.470; root mass RR = 0.916), but 

these increases were small relative to soil effects. Soil-grown tomato seedlings showed the 

largest positive RRs across the entire dataset, with soil control plants exceeding regolith control 

plants by factors of 10-20X for biomass (shoot mass RR = 2.379; root mass RR = 2.970). AMF 

did not significantly enhance biomass within soil (shoot mass RR = 0.089). 

Substrate quality also dominated pepper biomass outcomes. Shoot mass did not differ 

significantly between AMF-inoculated and control peppers grown in soil (p = 0.6661) or regolith 

b) a) 
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(p = 0.9598). Soil-grown seedlings accumulated approximately 8-10X more biomass than 

regolith-grown seedlings. The only significant difference among root mass comparisons was 

between soil control and regolith control plants (p = 0.0105). 

 

 

 

 

 

 

Figure 2. This figure shows the comparison of below ground biomass for tomato plants (a) and 

pepper plants (b). There is no significant difference between each substrate type control and 

experimental treatment (p > 0.05). Error bars indicate standard error. 

 

Response ratios confirmed minimal AMF influence. All AMF vs. control RRs within soil 

were negative for peppers (shoot mass RR = -0.523; root mass RR = -0.586), indicating that 

AMF-inoculated plants performed slightly worse than controls. The substrate effect, however, 

had a more significant effect as soil control plants exceeded regolith control plants with RRs of 

2.602 (shoot mass) and 2.197 (root mass), consistent with severely limited growth in regolith. 

 

Shoot and Root Morphology 

Shoot length was substantially greater in soil-grown plants (73-84 mm) relative to 

regolith-grown plants (~39 mm). Soil AMF seedlings were slightly taller than soil controls (RR 

= 0.134), although differences were not significant. Root length showed a similar pattern, with 

soil-grown plants exhibiting longer primary roots (38–53 mm) compared to regolith-grown 

plants (31-39 mm). AMF inoculation did not result in longer roots within either substrate (soil 

b) a) 
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RR = -0.329; regolith RR = -0.038). Pepper shoot length followed a pattern similar to tomatoes: 

soil-grown seedlings reached 73-84 mm, while regolith-grown seedlings remained near 38-40 

mm. Root length exhibited high variance but generally favored soil treatments. AMF inoculation 

did not significantly alter vegetative morphology within either substrate. 

 

 

 

 

 

 

Figure 3. This figure shows the comparison of shoot length for pepper plants (a) and tomato 

plants (b). There is no significant difference between each substrate type control and 

experimental treatment (p > 0.05). Error bars indicate standard error. 

 

Lateral root development was also suppressed in regolith. Soil-grown tomato seedlings 

produced 10-13 lateral roots, compared to 6-9 in regolith. AMF effects were inconsistent and 

non-significant; soil AMF had slightly fewer lateral roots than soil control plants (RR = -0.232), 

whereas regolith AMF produced modestly more lateral roots than regolith controls (RR = 0.423). 

Lateral root numbers were also higher in soil (10-13 roots) than in regolith (6-9 roots), with 

AMF showing no significant positive effects. RR values were negative within soil (RR = -0.292), 

further indicating the absence of AMF-induced root proliferation. 

 

AMF Colonization 

Tomato seedlings displayed uniformly low AMF colonization across treatments. Even 

AMF-inoculated regolith plants averaged only 19.7% colonization, while soil AMF plants 

a) b) 
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averaged 14.3%. Control groups also exhibited low colonization (19-22%), likely reflecting 

background microbial interaction or limitations of ink–vinegar staining at low colonization 

densities. Pepper colonization values were more variable than tomato but did not correspond to 

functional benefits. Regolith AMF plants showed 51.2% colonization which was higher than 

expected, while soil AMF colonization was lower (20.9%).  

Controls also showed moderate staining (30-36%). These inconsistencies likely reflect 

methodological sensitivity during early development or non-AMF hyphal structures staining 

similarly. As with tomatoes, colonization did not correlate with biomass. These findings indicate 

that AMF did not establish strong, functional symbioses in tomato seedlings during the 20-day 

growth period. Results for inoculation can be seen in figure 4. 

 

 

 

 

 

 

Figure 4. This figure shows the comparison of percent root inoculation by AMF fungi for tomato 

plants (a) and pepper plants (b). There is no significant difference between each substrate type 

control and experimental treatment (p > 0.05). There is an unusually high standard error in these 

samples indicated by the large error bars.  

 

Discussion and Conclusions 

There is not enough evidence in this experiment to reject the null hypotheses. Across all 

measured variables, the largest response ratios were consistently associated with substrate effects 

rather than AMF inoculation. Soil-grown seedlings exceeded regolith-grown seedlings with log 

a) b) 
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response ratios ranging from approximately 0.5 to 3.0, corresponding to 1.6X to nearly 20X 

increases in growth metrics. In contrast, AMF-induced response ratios were small, inconsistent, 

and frequently negative relative to uninoculated controls. This pattern demonstrates that substrate 

quality was the dominant determinant of early seedling performance under the conditions tested, 

consistent with previous studies documenting the severe chemical and physical limitations of 

lunar regolith simulants for plant growth (Fackrell et al., 2024; Duri et al., 2022; Paul et al.,2022; 

Wamelink et al., 2014). 

Both direct measurements and response ratio analyses indicate that lunar regolith 

simulant imposes substantial constraints on early seedling development in tomato and pepper 

plants. Regolith simulants lack organic matter and biologically available nitrogen, contain 

limited bioavailable phosphorus, and exhibit unfavorable physical properties that impair water 

retention, aeration, and root penetration (Fackrell et al., 2024). Under such conditions, biological 

amendments alone are unlikely to overcome substrate limitations, which likely explains the 

absence of significant AMF-driven improvements in biomass or root system mass observed in 

this study. Although AMF colonization was detected in some treatments, colonization levels 

were generally low or inconsistent and did not correspond with enhanced plant growth. This 

finding aligns with prior research demonstrating that AMF colonization does not universally 

translate into positive biomass responses and that the magnitude of AMF effects is highly context 

dependent (Hoeksema et al., 2010). In stressful or nutrient-poor environments, AMF may fail to 

establish functional symbioses capable of offsetting host carbon costs, potentially resulting in 

neutral or negative growth responses. 

Several experimental constraints likely further limited the expression of AMF-mediated 

benefits. Early experimental setups experienced complete seedling dieoffs due to elevated 
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substrate pH, resulting from the combined alkalinity of tap water and granular fertilizer. The 

need to restart the experiment significantly reduced the potential growth window for us to have 

seen the benefits of the treatments. Consequently, plants were harvested at relatively young 

developmental stages, which may have constrained AMF colonization and limited the 

development of functional hyphal networks. Experimental duration is a critical factor in 

mycorrhizal studies, as functional AMF symbioses often require extended periods to establish 

the fungal networks and their benefits (Werner & Kiers, 2015). The 20-day growth period used 

in this study may therefore have been insufficient to capture later-stage AMF benefits, 

particularly in highly stressful substrate conditions.  

Container size and transplant disturbance may have further influenced outcomes. Initial 

growth occurred in relatively small trays that likely constrained root development and limited 

total biomass accumulation. To mitigate this limitation, a subset of plants was transplanted into 

larger containers shortly before harvest. However, transplantation occurred only four days prior 

to root processing and was unlikely to confer meaningful growth advantages within such a short 

time frame. In regolith-treated plants, transplant disturbance may have exacerbated stress, 

potentially contributing to additional seedling mortality and reduced sample size. 

Finally, the detection of AMF structures in control plants highlights methodological 

challenges inherent to inoculation studies. Variability in colonization outcomes has been 

attributed to background fungal presence, cross-contamination, and limitations of staining and 

identification techniques, particularly in early developmental stages (Hart et al., 2018; Brundrett 

& Tedersoo, 2019). Such variability may explain the presence of apparent colonization without 

corresponding functional benefits in this study. 
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Figure 5. Micrographs of root specimen to illustrate the difficulties related to root frames. 

  

Taken together, these results indicate that while AMF represent a promising biological 

component of sustainable plant production systems, their effectiveness in lunar regolith 

simulants is strongly constrained by substrate properties, experimental duration, and system 

design. The findings suggest that AMF alone are unlikely to restore functional plant performance 

in lunar regolith during early developmental stages without concurrent improvements to 

substrate chemistry and structure or extended establishment periods. Future studies should 

prioritize longer growth durations, improved regolith conditioning, and integrated amendment 

strategies to more fully evaluate the role of AMF in extraterrestrial systems. 
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APPENDICES 

Appendix A.  Analysis Script-R 

data_t <-read.csv("data_t.csv") 

data_p <-read.csv("data_p.csv") 

root_data_t <-read.csv("pct_col_data_tom.csv") 

root_data_p <-read.csv("pct_col_data_pep.csv") 

root_data <-read.csv("pct_col_data.csv") 

num_col_tom <-names(data_t)[sapply(data_t,is.numeric)] 

sum_stat_t <- function(x){  

c( 

mean=mean(x, na.rm= TRUE),  

sd=sd(x, na.rm= TRUE), 

var=var(x, na.rm= TRUE), 

se= sd(x, na.rm=TRUE)/sqrt(sum(!is.na(x))))} 

sum_vals_t <- aggregate(data_t[,num_col_tom], 

by=list(treatment=data_t$treatment), 

FUN=sum_stat_t) 

 

smt <- do.call(data.frame,sum_vals_t) 

write.csv(smt, "smtom.csv") 

num_col_pep <-names(data_p)[sapply(data_p,is.numeric)] 

sum_stat_p <- function(x){  

c( 

mean=mean(x, na.rm= TRUE),  

sd=sd(x, na.rm= TRUE), 

var=var(x, na.rm= TRUE), 

se= sd(x, na.rm=TRUE)/sqrt(sum(!is.na(x))))} 

sum_vals_p <- aggregate(data_p[,num_col_pep], 

by=list(treatment=data_p$treatment), 

FUN=sum_stat_p) 

smp <- do.call(data.frame,sum_vals_p) 

write.csv(smp, "smpep.csv") 

rsum_t <-names(root_data_t)[sapply(root_data_t,is.numeric)] 

root_sum_stat_t <- function(x){  

c( 

mean=mean(x, na.rm= TRUE),  

sd=sd(x, na.rm= TRUE), 

var=var(x, na.rm= TRUE), 

se= sd(x, na.rm=TRUE)/sqrt(sum(!is.na(x))))} 

root_sum_vals_t <- aggregate(root_data_t[,rsum_t], 

by=list(treatment=root_data_t$treatment), 

FUN=root_sum_stat_t) 

root_smt <- do.call(data.frame,root_sum_vals_t) 

write.csv(root_smt, "root_smt.csv") 

rsum_p <-names(root_data_p)[sapply(root_data_p,is.numeric)] 
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root_sum_stat_p <- function(x){  

c( 

mean=mean(x, na.rm= TRUE),  

sd=sd(x, na.rm= TRUE), 

var=var(x, na.rm= TRUE), 

se= sd(x, na.rm=TRUE)/sqrt(sum(!is.na(x))))} 

root_sum_vals_p <- aggregate(root_data_p[,rsum_p], 

by=list(treatment=root_data_p$treatment), 

FUN=root_sum_stat_p) 

root_smp <- do.call(data.frame,root_sum_vals_p) 

write.csv(root_smp, "root_smp.csv") 

rsum <-names(root_data)[sapply(root_data,is.numeric)] 

root_sum_stat <- function(x){  

c( 

mean=mean(x, na.rm= TRUE),  

sd=sd(x, na.rm= TRUE), 

var=var(x, na.rm= TRUE), 

se= sd(x, na.rm=TRUE)/sqrt(sum(!is.na(x))))} 

root_sum_vals <-aggregate(root_data[,rsum], 

by=list(treatment=root_data$treatment), 

FUN=root_sum_stat) 

root_sm <- do.call(data.frame,root_sum_vals) 

write.csv(root_sm, "root_sm.csv") 

 

library(ggplot2) 

aov_root_l_t <-aov(root_length_mm~ treatment_group, data=data_t) 

aov_rtlg_hsd_t <-(TukeyHSD(aov_root_l_t)) 

aov_rtlg_hsd_t 

aov_root_w_t <-aov(root_weight_g~ treatment_group, data=data_t) 

aov_rtwt_hsd_t <-(TukeyHSD(aov_root_w_t)) 

aov_rtwt_hsd_t 

aov_shoot_w_t <-aov(shoot_weight_g~ treatment_group, data=data_t) 

aov_shwt_hsd_t <-(TukeyHSD(aov_shoot_w_t)) 

aov_shwt_hsd_t 

aov_shoot_l_t <-aov(shoot_length_mm~ treatment_group, data=data_t) 

aov_shlt_hsd_t <-(TukeyHSD(aov_shoot_l_t)) 

aov_shlt_hsd_t 

aov_root_l_p <-aov(root_length_mm~ treatment_group, data=data_p) 

aov_rtlg_hsd_p <-(TukeyHSD(aov_root_l_p)) 

aov_rllg_hsd_p 

aov_root_w_p <-aov(root_weight_g~ treatment_group, data=data_p) 

aov_rtwt_hsd_p <-(TukeyHSD(aov_root_w_p)) 

aov_rtwt_hsd_p 

aov_shoot_w_p <-aov(shoot_weight_g~ treatment_group, data=data_p) 

aov_shwt_hsd_p <-(TukeyHSD(aov_shoot_w_p)) 

aov_shwt_hsd_p 
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aov_shoot_l_t <-aov(shoot_length_mm~ treatment_group, data=data_p) 

aov_shlt_hsd_p <-(TukeyHSD(aov_shoot_l_p)) 

aov_shlt_hsd_p 

comp_rtt <-aov(in_pct~ treatment, data=root_data_t) 

comp_rtt_hsd <-(TukeyHSD(comp_rtt)) 

comp_rtt_hsd 

comp_rtp <-aov(in_pct~ treatment, data=root_data_p) 

comp_rtp_hsd <-(TukeyHSD(comp_rtp)) 

comp_rtp_hsd 

comp_rt <-aov(in_pct~ treatment, data=root_data) 

comp_rt_hsd <-(TukeyHSD(comp_rt)) 

comp_rt_hsd 

 

 

plot_tsl <-ggplot(data_t,aes(x=treatment_group, y=shoot_length_mm))+ 

stat_summary(fun="mean", geom="col",fill="royalblue4")+stat_summary(fun.data=mean_se, 

geom="errorbar",width=0.1) 

ggsave("plot_tsl.png",plot=plot_tsl,width=1800,height=1200,units="px") 

plot_tsw <-ggplot(data_t,aes(x=treatment_group, y=shoot_weight_g))+ 

stat_summary(fun="mean", geom="col",fill="royalblue4")+stat_summary(fun.data=mean_se, 

geom="errorbar",width=0.1) 

ggsave("plot_tsw.png",plot=plot_tsw,width=1800,height=1200,units="px") 

plot_trm <-ggplot(data_t,aes(x=treatment_group, y=root_weight_g))+ 

stat_summary(fun="mean", geom="col",fill="royalblue4")+stat_summary(fun.data=mean_se, 

geom="errorbar",width=0.1) 

ggsave("plot_trm.png",plot=plot_trm,width=1800,height=1200,units="px") 

plot_tsm <-ggplot(data_t,aes(x=treatment_group, y=shoot_weight_g))+ 

stat_summary(fun="mean", geom="col",fill="royalblue4")+stat_summary(fun.data=mean_se, 

geom="errorbar",width=0.1) 

ggsave("plot_tsm.png",plot=plot_tsm,width=1800,height=1200,units="px") 

plot_psl <-ggplot(data_p,aes(x=treatment_group, y=shoot_length_mm))+ 

stat_summary(fun="mean", 

geom="col",fill="mediumorchid")+stat_summary(fun.data=mean_se, 

geom="errorbar",width=0.1) 

ggsave("plot_psl.png",plot=plot_psl,width=1800,height=1200,units="px") 

plot_psw <-ggplot(data_p,aes(x=treatment_group, y=shoot_weight_g))+ 

stat_summary(fun="mean", 

geom="col",fill="mediumorchid")+stat_summary(fun.data=mean_se, 

geom="errorbar",width=0.1) 

ggsave("plot_psw.png",plot=plot_psw,width=1800,height=1200,units="px") 

plot_prm <-ggplot(data_p,aes(x=treatment_group, y=root_weight_g))+ 

stat_summary(fun="mean", 

geom="col",fill="mediumorchid")+stat_summary(fun.data=mean_se, 

geom="errorbar",width=0.1) 

ggsave("plot_prm.png",plot=plot_prm,width=1800,height=1200,units="px") 
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plot_psm <-ggplot(data_p,aes(x=treatment_group, y=shoot_weight_g))+ 

stat_summary(fun="mean", 

geom="col",fill="mediumorchid")+stat_summary(fun.data=mean_se, 

geom="errorbar",width=0.1) 

ggsave("plot_psm.png",plot=plot_psm,width=1800,height=1200,units="px") 

plot_rtt <-ggplot(root_data_t,aes(x=treatment, y=in_pct))+ stat_summary(fun="mean", 

geom="col",fill="royalblue4")+stat_summary(fun.data=mean_se, geom="errorbar",width=0.1) 

ggsave("plot_rtt.png",plot=plot_rtt,width=1800,height=1200,units="px") 

plot_rtp <-ggplot(root_data_p,aes(x=treatment, y=in_pct))+ stat_summary(fun="mean", 

geom="col",fill="royalblue4")+stat_summary(fun.data=mean_se, geom="errorbar",width=0.1) 

ggsave("plot_rtp.png",plot=plot_rtp,width=1800,height=1200,units="px") 

plot_rt <-ggplot(root_data,aes(x=treatment, y=in_pct))+ stat_summary(fun="mean", 

geom="col",fill="royalblue4")+stat_summary(fun.data=mean_se, geom="errorbar",width=0.1) 

ggsave("plot_rt.png",plot=plot_rt,width=1800,height=1200,units="px") 
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Appendix B. Experiment Photos 

 

Figure 6. Photos showing Final Replanting 

 

Figure 7. Final photo before harvest. 
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Figure 8. Micrograph capture and from student-prepared slides. 

 

Figure 9. Regolith chamber setup. 
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Figure 10. Replanting of seedlings. 

 

Figure 11. Control chamber setup. 
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Figure 12. Experimental and Control trays side-by-side. 

 

Figure 13. Overall tabletop setup. 
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Appendix C. Raw Data 

MASTER DATA SHEET 
date_mm_dd_yyyy id fertilit

y 
moistur

e 
ph_soi

l 
temp_

c 
light_lu

x 
env_humidit

y 
leaf_coun

t 
stem_height_m

m 
ph_drainag

e 
watered_y_

n notes 

11/4/25 rc1 NA 2 7.5 NA NA NA NA NA 6   
  

11/4/25 rc2 NA 0 7.5 NA NA NA NA NA 6   
  

11/4/25 rc3 NA 2 7.5 NA NA NA NA 6 6   
  

11/4/25 rc4 NA 22 7.5 NA NA NA NA 15 6   
  

11/4/25 rc5 NA 15 7.5 NA NA NA NA NA 6   
  

11/4/25 rc6 NA 0 7.5 NA NA NA NA NA 6   
  

11/4/25 rc7 NA 6 7.5 NA NA NA NA 4 6   
  

11/4/25 rc8 NA 18 7.5 NA NA NA NA NA 6   
  

11/4/25 rc9 NA 20 7.5 NA NA NA NA NA 6   
  

11/4/25 rc10 NA 23 7.5 NA NA NA NA NA 6   
  

11/4/25 rc11 NA 22 7.5 NA NA NA NA 19 6   
  

11/4/25 rc12 NA 20 7.5 NA NA NA NA NA 6   
  

11/4/25 ra1 NA 22 7.5 NA NA NA NA NA 6   
  

11/4/25 ra2 NA 38 7.5 NA NA NA NA NA 6   
  

11/4/25 ra3 NA 30 7.5 NA NA NA NA 18 6   
  

11/4/25 ra4 NA 31 7.5 NA NA NA NA 15 6   
  

11/4/25 ra5 NA 12 7.5 NA NA NA NA NA 6   
  

11/4/25 ra6 NA 0 7.5 NA NA NA NA NA 6   
  

11/4/25 ra7 NA 16 7.5 NA NA NA NA 21 6   
  

11/4/25 ra8 NA 16 7.5 NA NA NA NA 20 6   
  

11/4/25 ra9 NA 15 7.5 NA NA NA NA NA 6   
  

11/4/25 ra10 NA 30 7.5 NA NA NA NA NA 6   
  

11/4/25 ra11 NA 7 7.5 NA NA NA NA NA 6   
  

11/4/25 ra12 NA 16 7.5 NA NA NA NA NA 6   
  

11/4/25 sc1 NA 9 7.5 NA NA NA NA NA NA   
  

11/4/25 sc2 NA 11 7.5 NA NA NA NA NA NA   
  

11/4/25 sc3 NA 28 7.5 NA NA NA NA 16 NA   
  

11/4/25 sc4 NA 45 7.5 NA NA NA NA 17 NA   
  

11/4/25 sc5 NA 36 7.5 NA NA NA NA NA NA   
  

11/4/25 sc6 NA 41 7.5 NA NA NA NA NA NA   
  

11/4/25 sc7 NA 30 7.5 NA NA NA NA 22 NA   
  

11/4/25 sc8 NA 50 7.5 NA NA NA NA NA NA   
  

11/4/25 sc9 NA 46 7.5 NA NA NA NA NA NA   
  

11/4/25 sc1
0 NA 44 7.5 NA NA NA NA NA NA   

  

11/4/25 sc1
1 NA 33 7.5 NA NA NA NA 21 NA   

  

11/4/25 sc1
2 NA 28 7.5 NA NA NA NA NA NA   

  

11/4/25 sa1 NA 17 7.5 NA NA NA NA NA NA   
  

11/4/25 sa2 NA 27 7.5 NA NA NA NA NA NA   
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11/4/25 sa3 NA 22 7.5 NA NA NA NA 21 NA   
  

11/4/25 sa4 NA 20 7.5 NA NA NA NA 22 NA   
  

11/4/25 sa5 NA 22 7.5 NA NA NA NA NA NA   
  

11/4/25 sa6 NA 45 7.5 NA NA NA NA NA NA   
  

11/4/25 sa7 NA 34 7.5 NA NA NA NA 11 NA   
  

11/4/25 sa8 NA 41 7.5 NA NA NA NA 22 NA   
  

11/4/25 sa9 NA 20 7.5 NA NA NA NA NA NA   
  

11/4/25 sa1
0 NA 48 7 NA NA NA NA NA NA   

  

11/4/25 sa1
1 NA 43 7.5 NA NA NA NA 6 NA   

  

11/4/25 sa1
2 NA 35 7.5 NA NA NA NA 13 NA   

  

11/7/25 rc1 154 14 7.5 23 293 21 NA NA 6   
  

11/7/25 rc2 108 22 7.5 22 294 21 NA NA 6   
  

11/7/25 rc3 19 5 7.5 22.8 330 22 2 32 6   
  

11/7/25 rc4 113 16 7.5 22.8 290 23 2 32 6   
  

11/7/25 rc5 133 23 7.5 22.8 303 22 NA NA 6   
  

11/7/25 rc6 102 22 7.5 22.8 334 22 2 12 6   
  

11/7/25 rc7 119 21 7.5 23.8 357 22 2 31 6   
  

11/7/25 rc8 157 14 7.5 23.8 365 23 NA NA 6   
  

11/7/25 rc9 237 38 7.5 23.8 380 21 NA NA 6   
  

11/7/25 rc10 145 49 7.5 23.8 340 21 NA NA 6   
  

11/7/25 rc11 142 34 7.5 23.8 332 21 2 33 6   
  

11/7/25 rc12 141 50 6.5 23.8 250 25 NA NA 6   
  

11/7/25 ra1 223 6 7.5 22.3 505 20 NA NA 6   
  

11/7/25 ra2 220 12 7.5 22.3 505 20 NA NA 6   
  

11/7/25 ra3 236 5 7.5 22.3 508 21 2 36 6   
  

11/7/25 ra4 114 4 7.5 21.1 400 23 2 36 6   
  

11/7/25 ra5 213 11 7.5 21.5 378 21 NA NA 6   
  

11/7/25 ra6 161 8 7.5 21.5 453 21 2 15 6   
  

11/7/25 ra7 165 6 7.5 21.4 315 21 2 41 6   
  

11/7/25 ra8 226 8 7.5 22.6 305 22 2 39 6   
  

11/7/25 ra9 180 10 7.5 21.6 340 20 NA NA 6   
  

11/7/25 ra10 202 6 7.5 21.6 425 21 NA NA 6   
  

11/7/25 ra11 214 6 7.5 22.6 388 21 NA NA 6   
  

11/7/25 ra12 217 11 7.5 22.6 401 20 NA 7 6   
  

11/7/25 sc1 756 8 7.5 21.6 343 20 2 26 5   
  

11/7/25 sc2 785 16 7.5 22.7 276 21 NA NA 5   
  

11/7/25 sc3 870 30 7.5 22.7 384 21 2 40 5   
  

11/7/25 sc4 694 22 7.5 22.7 393 20 2 46 5   
  

11/7/25 sc5 620 8 7.5 22.7 389 21 2 19 5   
  

11/7/25 sc6 756 13 7.5 22.7 369 21 2 23 5   
  

11/7/25 sc7 814 25 7.5 22.7 381 21 2 48 5   
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11/7/25 sc8 791 10 7.5 21.7 425 20 2 31 5   
  

11/7/25 sc9 534 6 7.5 20.7 352 20 2 12 5   
  

11/7/25 sc1
0 852 14 7.5 21.7 344 22 2 20 5   

  

11/7/25 sc1
1 668 7 7.5 22.7 412 22 2 43 5   

  

11/7/25 sc1
2 801 22 7.5 22.7 424 22 2 51 5   

  

11/7/25 sa1 859 13 7.5 22.7 337 20 2 30 5   
  

11/7/25 sa2 928 21 7.5 23.7 346 22 2 22 5   
  

11/7/25 sa3 777 14 7.5 23.7 335 23 2 40 5   
  

11/7/25 sa4 714 18 7.5 23.7 347 23 2 50 5   
  

11/7/25 sa5 879 10 7.5 23.7 274 23 NA NA 5   
  

11/7/25 sa6 819 16 7.5 23.7 352 22 NA NA 5   
  

11/7/25 sa7 810 20 7.5 23.7 332 22 2 52 5   
  

11/7/25 sa8 745 17 7.5 23.7 381 23 2 49 5   
  

11/7/25 sa9 796 9 7.5 23.7 353 23 NA NA 5   
  

11/7/25 sa1
0 773 16 7.5 23.7 342 22 2 23 5   

  

11/7/25 sa1
1 820 20 7.5 22.7 342 22 2 58 5   

  

11/7/25 sa1
2 820 16 7.5 22.7 341 21 2 45 5   

  

11/10/25 rc1 103 0 7.5 24.2 333 19 NA NA 7 Y 
added reg, put in chamber 

11/10/25 rc2 184 16 7.5 25.5 329 19 NA NA 7 Y 
added reg, put in chamber 

11/10/25 rc3 75 5 7.5 22.4 249 19 4 42 7 Y slight root exposure, added reg, put in 
chamber 

11/10/25 rc4 65 14 7.5 22.4 301 20 3 44 7 Y lots of roots exposed, added reg, put in 
chamber 

11/10/25 rc5 115 60 7.5 22.3 345 20 NA NA 7 Y 
added reg, put in chamber 

11/10/25 rc6 98 7 7.5 22.4 325 20 2 23 7 Y slight root exposure, added reg, put in 
chamber 

11/10/25 rc7 135 75 5 22.3 332 21 3 43 7 Y med root exposure, added reg, put in 
chamber 

11/10/25 rc8 188 54 4.5 22.3 307 17 NA NA 7 Y 
added reg, put in chamber 

11/10/25 rc9 191 10 7.5 22.3 413 18 NA NA 7 Y 
added reg, put in chamber 

11/10/25 rc10 113 59 5 22.3 465 18 2 23 7 Y 
added reg, put in chamber 

11/10/25 rc11 104 51 6.5 22.3 458 19 3 41 7 Y lots of roots exposed, added reg, put in 
chamber 

11/10/25 rc12 144 6 7.5 22.3 443 19 NA NA 7 Y 
added reg, put in chamber 

11/10/25 ra1 268 11 7.5 22.3 415 19 NA NA 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 

11/10/25 ra2 324 17 7.5 22.3 419 20 NA NA 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 

11/10/25 ra3 246 34 7.5 22.3 407 20 3 45 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 

11/10/25 ra4 187 24 7.5 23.3 400 20 3 46 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 

11/10/25 ra5 237 23 7.5 22.4 373 20 NA NA 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 

11/10/25 ra6 258 22 7.5 21.3 413 19 2 27 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 

11/10/25 ra7 214 20 7.5 21.3 435 18 3 49 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 

11/10/25 ra8 285 24 7.5 20.3 295 18 3 51 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 

11/10/25 ra9 255 27 7.5 22.3 337 20 NA NA 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 

11/10/25 ra10 334 52 7 22.3 279 21 NA NA 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 

11/10/25 ra11 282 28 7.5 21.3 284 19 NA 13 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 

11/10/25 ra12 274 28 7.5 22.5 235 20 NA 9 7 Y added AMF, misted, covered w/ reg, 
misted, put in chamber 
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11/10/25 sc1 811 4 7.5 24.6 330 18 2 35 5 Y 
put in chamber 

11/10/25 sc2 761 5 7.5 23.6 330 19 NA NA 5 Y 
put in chamber 

11/10/25 sc3 835 0 7.5 23.6 313 19 3 56 5 Y 
put in chamber 

11/10/25 sc4 659 2 7.5 23.1 390 18 3 57 5 Y 
put in chamber 

11/10/25 sc5 739 0 7.5 23.1 460 19 2 29 5 Y 
put in chamber 

11/10/25 sc6 766 0 7.5 22.1 420 19 2 30 5 Y 
put in chamber 

11/10/25 sc7 824 2 7.5 23.1 350 20 4 63 5 Y 
put in chamber 

11/10/25 sc8 777 0 7.5 22.1 340 20 3 43 5 Y 
put in chamber 

11/10/25 sc9 803 1 7.5 23.1 450 17 2 27 5 Y 
put in chamber 

11/10/25 sc1
0 905 1 7.5 23.1 440 17 2 33 5 Y 

put in chamber 

11/10/25 sc1
1 854 2 7.5 22.1 440 18 4 66 5 Y 

put in chamber 

11/10/25 sc1
2 792 4 7.5 22.1 387 19 3 60 5 Y 

put in chamber 

11/10/25 sa1 745 0 7.5 23.1 394 19 2 41 5 Y 
put in chamber 

11/10/25 sa2 903 2 7.5 22.1 380 20 2 39 5 Y 
put in chamber 

11/10/25 sa3 797 0 7.5 22.1 230 21 4 54 5 Y 
put in chamber 

11/10/25 sa4 836 0 7.5 22.1 362 20 3 66 5 Y 
put in chamber 

11/10/25 sa5 868 0 7.5 22.1 358 20 2 12 5 Y 
put in chamber 

11/10/25 sa6 877 0 7.5 22.1 340 19 NA NA 5 Y 
put in chamber 

11/10/25 sa7 829 0 7.5 22.1 356 19 3 72 5 Y 
put in chamber 

11/10/25 sa8 839 3 7.5 22.1 396 19 3 65 5 Y 
put in chamber 

11/10/25 sa9 806 0 7.5 22.1 396 20 NA 3 5 Y 
put in chamber 

11/10/25 sa1
0 674 3 7.5 23.1 410 22 2 36 5 Y 

put in chamber 

11/10/25 sa1
1 811 2 7.5 22.1 385 21 3 66 5 Y 

put in chamber 

11/10/25 sa1
2 833 2 7.5 22.1 389 20 3 58 5 Y 

put in chamber 

11/12/25 rc1 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 rc2 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 rc3 NA NA NA NA NA NA NA NA NA Y 
slight root exposure 

11/12/25 rc4 NA NA NA NA NA NA NA NA NA Y 
lots of roots exposed 

11/12/25 rc5 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 rc6 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 rc7 NA NA NA NA NA NA NA NA NA Y 
slight root exposure 

11/12/25 rc8 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 rc9 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 rc10 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 rc11 NA NA NA NA NA NA NA NA NA Y 
medium root exposure 

11/12/25 rc12 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 ra1 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 ra2 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 ra3 NA NA NA NA NA NA NA NA NA Y 
slight root exposure 

11/12/25 ra4 NA NA NA NA NA NA NA NA NA Y 
lots of roots exposed 

11/12/25 ra5 NA NA NA NA NA NA NA NA NA Y 
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11/12/25 ra6 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 ra7 NA NA NA NA NA NA NA NA NA Y 
slight root exposure 

11/12/25 ra8 NA NA NA NA NA NA NA NA NA Y 
medium root exposure 

11/12/25 ra9 NA NA NA NA NA NA NA NA NA Y 
slight root exposure 

11/12/25 ra10 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 ra11 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 ra12 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 sc1 NA NA NA NA NA NA NA NA NA Y 
noticeable green beads 

11/12/25 sc2 NA NA NA NA NA NA NA NA NA Y 
Not germinated but medium root exposure 

11/12/25 sc3 NA NA NA NA NA NA NA NA NA Y 
noticeable white beads 

11/12/25 sc4 NA NA NA NA NA NA NA NA NA Y slight root exposure, noticeable white 
beads 

11/12/25 sc5 NA NA NA NA NA NA NA NA NA Y slight root exposure, noticeable white 
beads 

11/12/25 sc6 NA NA NA NA NA NA NA NA NA Y 
noticeable green beads 

11/12/25 sc7 NA NA NA NA NA NA NA NA NA Y 
noticeable white beads 

11/12/25 sc8 NA NA NA NA NA NA NA NA NA Y 
noticeable white beads 

11/12/25 sc9 NA NA NA NA NA NA NA NA NA Y 
noticeable white beads 

11/12/25 sc1
0 NA NA NA NA NA NA NA NA NA Y 

noticeable white beads 

11/12/25 sc1
1 NA NA NA NA NA NA NA NA NA Y 

noticeable white beads 

11/12/25 sc1
2 NA NA NA NA NA NA NA NA NA Y slight root exposure, noticeable white 

beads 

11/12/25 sa1 NA NA NA NA NA NA NA NA NA Y 2 leaves curled upwards, noticeable white 
AMF 

11/12/25 sa2 NA NA NA NA NA NA NA NA NA Y 1 leaf curled upwards, noticeable green 
AMF 

11/12/25 sa3 NA NA NA NA NA NA NA NA NA Y 1 leaf with darkened tip, noticeable green 
AMF 

11/12/25 sa4 NA NA NA NA NA NA NA NA NA Y 1 leaf with darkened tip, noticeable white 
AMF 

11/12/25 sa5 NA NA NA NA NA NA NA NA NA Y 
Slight root exposure, noticeable green AMF 

11/12/25 sa6 NA NA NA NA NA NA NA NA NA Y 
noticeable white AMF 

11/12/25 sa7 NA NA NA NA NA NA NA NA NA Y 
  

11/12/25 sa8 NA NA NA NA NA NA NA NA NA Y 
noticeable white AMF 

11/12/25 sa9 NA NA NA NA NA NA NA NA NA Y 
Slight root exposure 

11/12/25 sa1
0 NA NA NA NA NA NA NA NA NA Y Slight root exposure, 2 leaves curled 

upwards, noticeable white AMF 

11/12/25 sa1
1 NA NA NA NA NA NA NA NA NA Y 

Slight root exposure, noticeable white AMF 

11/12/25 sa1
2 NA NA NA NA NA NA NA NA NA Y 

noticeable white AMF 

11/13/25 rc1 140 3 7.5 22.8 400 22 NA NA 6 Y 
  

11/13/25 rc2 179 8 7.5 22.7 465 28 NA NA 6 Y 
  

11/13/25 rc3 102 4 7.5 22.7 400 26 4 50 6 Y exposed roots, begin measuring whole 
plant, added reg to cover roots 

11/13/25 rc4 103 5 7.5 22.7 300 26 3 55 6 Y 
exposed roots, 3 plants, measured tallest 
for leaves / height, begin measuring whole 
plant, added reg to cover roots 

11/13/25 rc5 143 10 7.5 22.8 360 25 NA NA 6 Y 
  

11/13/25 rc6 162 12 7.5 22.8 280 26 NA 30 6 Y 
begin measuring whole plant 

11/13/25 rc7 194 18 7.5 22.8 285 27 3 54 6 Y exposed roots, begin measuring whole 
plant, added reg to cover roots 

11/13/25 rc8 249 22 7.5 22.8 400 27 NA NA 6 Y 
  

11/13/25 rc9 196 16 7.5 22.9 445 27 NA NA 6 Y 
  

11/13/25 rc10 160 18 7.5 22.9 411 29 2 26 6 Y 
begin measuring whole plant 
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11/13/25 rc11 162 18 7.5 21.9 375 26 4 51 6 Y 
exposed roots, 2 plants, measure tallest 
for leaves / height, begin measuring whole 
plant, added reg to cover roots 

11/13/25 rc12 239 14 7.5 22 293 26 NA 4 6 Y 
  

11/13/25 ra1 275 23 7.5 23.6 428 23 NA NA 7 Y 
  

11/13/25 ra2 289 28 7.5 23.6 410 23 NA NA 7 Y 
  

11/13/25 ra3 255 29 7.5 22.6 380 23 4 53 7 Y 
exposed roots, 2 plants, measure tallest 
for leaves / height, begin measuring whole 
plant, added reg to cover roots 

11/13/25 ra4 267 25 7.5 22.5 220 24 3 56 7 Y 
exposed roots, 2 plants, measure tallest 
for leaves / height, begin measuring whole 
plant, added reg to cover roots 

11/13/25 ra5 251 22 7.5 22.6 329 23 NA NA 7 Y 
  

11/13/25 ra6 262 30 7.5 22.6 200 24 2 29 7 Y 
  

11/13/25 ra7 240 30 7.5 22.6 208 25 4 57 7 Y 
exposed roots, 2 plants, measure tallest 
for leaves / height, begin measuring whole 
plant, added reg to cover roots 

11/13/25 ra8 324 38 7.5 22.6 480 23 5 57 7 Y 
exposed roots, added reg to cover roots 

11/13/25 ra9 277 33 7.5 22.6 407 24 NA NA 7 Y 
  

11/13/25 ra10 316 27 7.5 22.6 410 24 NA NA 7 Y 
  

11/13/25 ra11 145 45 7.5 23.4 350 23 2 34 7 Y minor exposed roots, added reg to cover 
roots 

11/13/25 ra12 269 42 7.5 23.4 375 24 NA 12 7 Y 
  

11/13/25 sc1 888 16 7.5 23.3 446 26 4 43 5 N 
  

11/13/25 sc2 753 22 7.5 23.3 390 27 NA NA 5 N 
  

11/13/25 sc3 898 20 7.5 23.3 363 27 6 70 5 N 
  

11/13/25 sc4 857 19 7.5 23.3 503 27 8 68 5 N 
  

11/13/25 sc5 930 33 7.5 22 455 25 3 37 5 N 
  

11/13/25 sc6 863 11 7.5 22 419 26 4 40 5 N 
  

11/13/25 sc7 843 16 7.5 23 456 24 6 75 5 N 2 plants, measure tallest for leaves / 
height, begin measuring whole plant 

11/13/25 sc8 872 22 7.5 23 313 24 4 54 5 N 
  

11/13/25 sc9 861 13 7.5 23 283 24 4 34 5 N 
  

11/13/25 sc1
0 870 16 7.5 23 286 24 4 37 5 N 

  

11/13/25 sc1
1 831 16 7.5 23 257 24 8 60 5 N 

  

11/13/25 sc1
2 810 16 7.5 23 310 24 4 63 5 N 

  

11/13/25 sa1 934 10 7.5 23 350 24 3 52 5 N 
  

11/13/25 sa2 932 15 7.5 23 360 26 4 57 5 N 
  

11/13/25 sa3 799 8 7.5 23 300 27 8 62 5 N 
  

11/13/25 sa4 866 14 7.5 23 280 26 6 69 5 N 
  

11/13/25 sa5 941 10 7.5 23 300 32 2 20 5 N 
  

11/13/25 sa6 925 18 7.5 23 254 30 NA NA 5 N 
  

11/13/25 sa7 823 13 7.5 23 292 28 6 83 5 N 
  

11/13/25 sa8 910 16 7.5 23 328 28 6 76 5 N 
  

11/13/25 sa9 833 9 7.5 23 328 27 2 17 5 N 
  

11/13/25 sa1
0 764 16 7.5 23 272 26 4 45 5 N 

  

11/13/25 sa1
1 829 14 7.5 23 292 26 6 74 5 N 

  

11/13/25 sa1
2 767 15 7.5 23 281 26 6 67 5 N 

  

11/17/25 rc1 123 0 7.5 22.7 390 37 NA NA 8 Y 
Drained water from tray because of excess 

11/17/25 rc2 35 0 7.5 21.7 365 37 NA NA 8 Y 
Drained water from tray because of excess 
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11/17/25 rc3 47 0 7.5 22.9 335 33 4 50 8 Y 

Drained water from tray because of 
excess, dark beige colored stem, dried 
rengolith soil, watered before 
measurements so meter enter the soil, 
slight exposed roots. Misted, added reg, 
misted 

11/17/25 rc4 26 0 7.5 20.7 330 37 3 51 8 Y 

Drained water from tray because of 
excess, dark beige colored stem, lots of 
exposed roots (one is climbing up the 
container). Misted, added reg, misted 

11/17/25 rc5 41 0 7.5 21.7 370 37 NA NA 8 Y 
Drained water from tray because of excess 

11/17/25 rc6 48 0 7.5 21.7 345 37 2 38 8 Y Drained water from tray because of 
excess, 2/4 of stem is brown 

11/17/25 rc7 42 0 7.5 20.7 353 36 2 44 8 Y 
Drained water from tray because of 
excess, dark beige colored stem, slight 
root exposure. Misted, added reg, misted 

11/17/25 rc8 85 60 7 20.7 357 36 NA NA 8 Y 
Drained water from tray because of excess 

11/17/25 rc9 147 0 7.5 21.9 429 36 NA NA 8 Y 
Drained water from tray because of excess 

11/17/25 rc10 97 0 7.5 20.9 347 38 2 26 8 Y Drained water from tray because of 
excess. Bright, green stem 

11/17/25 rc11 196 4 7.5 20.9 338 39 2 46 8 Y 
Drained water from tray because of 
excess, dark beige colored stem, lots of 
exposed roots. Misted, added reg, misted 

11/17/25 rc12 107 0 7.5 21.9 319 37 2 37 8 Y 
Drained water from tray because of 
excess, dark beige colored stem, light root 
exposure. Misted, added reg, misted 

11/17/25 ra1 298 0 7.5 23.4 505 35 NA NA 8 Y Drained water from tray because of 
excess, lots of exposed roots 

11/17/25 ra2 287 1 7.5 22.3 492 35 NA NA 8 Y 
Drained water from tray because of excess 

11/17/25 ra3 172 38 7.5 21.3 391 35 3 46 8 Y 
Drained water from tray because of 
excess, slight root exposure. Misted, 
added reg, misted 

11/17/25 ra4 225 13 7.5 21.3 300 35 3 46 8 Y Drained water from tray because of 
excess. Misted, added reg, misted 

11/17/25 ra5 259 41 7.5 21.3 333 35 NA NA 8 Y 
Drained water from tray because of excess 

11/17/25 ra6 216 12 7.5 21.3 374 35 2 27 8 Y 
Drained water from tray because of 
excess, stem looks greener than cherry 
tomato stems 

11/17/25 ra7 186 9 7.5 21.3 382 35 3 51 8 Y 
Drained water from tray because of 
excess, lots of exposed roots. Misted, 
added reg, misted 

11/17/25 ra8 282 15 7.5 21.3 335 35 4 52 8 Y 
Drained water from tray because of 
excess, lots of exposed roots. Misted, 
added reg, misted 

11/17/25 ra9 373 14 7.5 21.3 455 35 NA NA 8 Y 
Drained water from tray because of excess 

11/17/25 ra10 247 20 7.5 21.3 408 35 NA NA 8 Y 
Drained water from tray because of excess 

11/17/25 ra11 298 17 7.5 21.3 356 35 2 33 8 Y 
Drained water from tray because of 
excess, slight root exposure. Misted, 
added reg, misted 

11/17/25 ra12 334 18 7.5 21.3 417 35 NA 12 8 Y 

Drained water from tray because of 
excess, stem looks darker and thinner, 
color looks dull, small hairs are not visible. 
It may not survive. Possible casualty 

11/17/25 sc1 85 0 7.5 22.6 284 41 4 37 4 Y 
Two leaves faintly scorched on edges, 
greener stem color than cherry tomato 
stem 

11/17/25 sc2 620 0 7.5 22.6 284 43 NA NA 4 Y Has not germinated but has a high level of 
fertility 

11/17/25 sc3 767 0 7.5 23.6 351 36 9 61 4 Y 
Two curled downward leaves faintly 
scorched on edges, light green colored 
stem 

11/17/25 sc4 243 0 7.5 22.6 326 43 9 74 4 Y 
Slight root exposure 

11/17/25 sc5 637 0 7.5 22.6 283 43 4 33 4 Y 
Two leaves faintly scorched on edges, 
greener stem color than cherry tomato 
stem 

11/17/25 sc6 724 0 7.5 22.6 370 41 4 32 4 Y 
Two leaves faintly scorched on edges, one 
leave curled upwards, greener stem color 
than cherry tomato stem 

11/17/25 sc7 746 0 7.5 22.6 369 40 8 67 4 Y Two leaves faintly scorched on edges, 
slight root exposure 

11/17/25 sc8 609 0 7.5 22.6 244 41 8 57 4 Y Noticeable fungi, one leaf faintly scorched 
on edges 

11/17/25 sc9 149 0 7.5 22.6 403 42 4 28 6 Y 
Two leaves faintly scorched on edges, 
greener stem color than cherry tomato 
stem 

11/17/25 sc1
0 

764 0 7.5 22.6 340 42 4 35 4 Y 
One leaf faintly scorched on edges, 
greener stem color than cherry tomato 
stem 

11/17/25 sc1
1 200 0 7.5 22.6 346 43 9 67 4 Y Two leaves faintly scorched on edges, 

slight root exposure 

11/17/25 sc1
2 412 0 7.5 22.6 350 43 7 65 4 Y Greener edges on two curled downward 

leaves, one of them is scorched on the tip 

11/17/25 sa1 477 0 7.5 21.9 370 39 4 44 4 Y 
Bright, green color of stem. Noticeable 
slight moss on top of soil, two curled up 
darker colored and scorched leaves 
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11/17/25 sa2 543 0 7.5 21.9 400 38 4 39 4 Y Bright, green color of stem, two curled up 
darker colored and scorched leaves 

11/17/25 sa3 111 0 7.5 21.9 399 38 4 60 4 Y Light green color of stem. Noticeable slight 
moss on top of soil 

11/17/25 sa4 553 0 7.5 21.9 390 39 10 80 4 Y 
Light green color of stem 

11/17/25 sa5 584 0 7.5 21.9 415 39 8 19 4 Y Bright, green color of stem. Noticeable 
moss on top of soil 

11/17/25 sa6 730 0 7.5 21.9 411 39 2 16 4 Y 
Bright, green color of stem 

11/17/25 sa7 130 0 7.5 20.9 387 38 9 80 4 Y Light green color of stem, two curled up 
darker colored and scorched leaves 

11/17/25 sa8 561 0 7.5 20.9 345 38 8 71 4 Y 
Light green color of stem 

11/17/25 sa9 575 0 7.5 20.9 367 38 2 13 4 Y Bright, green color of stem. Noticeable 
white fungi on roots 

11/17/25 sa1
0 245 0 7.5 22 382 37 4 37 4 Y Bright, green color of stem, two curled up 

darker colored and scorched leaves 

11/17/25 sa1
1 47 0 7.5 22 358 37 8 73 4 Y 

Light green color of stem 

11/17/25 sa1
2 251 0 7.5 22 393 37 6 77 4 Y 

Light green color of stem 

11/19/25 rc1 48 0 7.5 21.8 424 39 NA NA 8.73 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 rc2 39 0 7.5 21.8 462 39 NA NA 8.73 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 rc3 35 2 7.5 23.5 502 38 6 50 8.73 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 rc4 47 0 7.5 21.8 127 40 4 51 8.73 Y 

Drained water from tray because of 
excess, watered before measurements 
because dry reg, lots of exposed roots, 
added reg 

11/19/25 rc5 42 0 7.5 23 518 41 NA NA 8.73 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 rc6 35 0 7.5 23 492 43 2 30 8.73 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 rc7 49 2 7.5 23 483 42 3 48 8.73 Y 

Drained water from tray because of 
excess, watered before measurements 
because dry reg, slight root exposure. 
added reg 

11/19/25 rc8 52 0 7.5 23 511 41 NA NA 8.73 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 rc9 67 0 7.5 24 517 40 NA NA 8.73 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 rc10 31 0 7.5 24 482 40 2 31 8.73 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg, slight root exposure 

11/19/25 rc11 55 1 7.5 23 301 41 4 36 8.73 Y 

Drained water from tray because of 
excess, watered before measurements 
because dry reg, lots of exposed roots, 
added reg 

11/19/25 rc12 32 0 7.5 23 238 41 2 NA 8.73 Y 

Drained water from tray because of 
excess, watered before measurements 
because dry reg, slight root exposure. 
added reg 

11/19/25 ra1 253 4 7.5 23.1 525 38 NA NA 8.52 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 ra2 366 52 7.5 22.1 488 40 NA NA 8.52 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 ra3 193 40 7.5 21.1 128 41 4 46 8.52 Y 

Drained water from tray because of 
excess, watered before measurements 
because dry reg, lots of roots exposed, 
added reg 

11/19/25 ra4 138 44 7.5 21.1 466 42 3 47 8.52 Y 

Drained water from tray because of 
excess, watered before measurements 
because dry reg, lots of roots exposed, 
added reg 

11/19/25 ra5 230 48 7.5 22.1 321 41 NA NA 8.52 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg, AMF visible while dry 

11/19/25 ra6 157 48 7.5 22.1 463 41 2 25 8.52 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 ra7 124 38 7.5 21.1 353 41 4 44 8.52 Y 

Drained water from tray because of 
excess, watered before measurements 
because dry reg,  lots of exposed roots. 
added reg 

11/19/25 ra8 41 0 7.5 21.1 443 42 4 50 8.52 Y 

Drained water from tray because of 
excess, watered before measurements 
because dry reg,  lots of exposed roots. 
added reg 

11/19/25 ra9 338 48 7.5 21.1 434 42 NA NA 8.52 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 ra10 434 53 7.5 22.1 382 42 NA NA 8.52 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 
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11/19/25 ra11 183 54 7.5 22.1 456 41 3 35 8.52 Y 
Drained water from tray because of 
excess, watered before measurements 
because dry reg 

11/19/25 ra12 183 54 7.5 22.1 286 41 NA 12 8.52 Y 
Drained water from tray because of 
excess, stem is totally fallen, may be 
broken. It may not survive. Casualty 

11/19/25 sc1 590 7 7.5 22.7 498 39 4 46 6.24 Y 
Drained water from tray because of 
excess, watered to cover holes, added soil 
to cover roots, watered 

11/19/25 sc2 762 10 7.5 21.7 485 40 NA NA 6.24 Y 
Drained water from tray because of 
excess, watered to cover holes, added soil 
to cover roots, watered 

11/19/25 sc3 11 1 7.5 21.7 439 42 10 78 6.24 Y 
Drained water from tray because of 
excess, watered to cover holes, added soil 
to cover roots, watered 

11/19/25 sc4 521 8 7.5 21.7 512 42 10 82 6.24 Y 
Drained water from tray because of 
excess, watered to cover holes, added soil 
to cover roots, watered 

11/19/25 sc5 785 4 7.5 21.7 484 43 4 35 6.24 Y 
Drained water from tray because of 
excess, watered to cover holes, added soil 
to cover roots, watered 

11/19/25 sc6 845 15 7.5 21.7 508 42 5 38 6.24 Y 
Drained water from tray because of 
excess, watered to cover holes, added soil 
to cover roots, watered 

11/19/25 sc7 798 2 7.5 22.3 464 39 9 83 6.24 Y 
Drained water from tray because of 
excess, watered to cover holes, added soil 
to cover roots, watered 

11/19/25 sc8 649 2 7.5 22.3 444 40 8 61 6.24 Y 
Drained water from tray because of 
excess, watered to cover holes, added soil 
to cover roots, watered 

11/19/25 sc9 749 4 7.5 22.3 504 43 5 29 7.51 Y 
Drained water from tray because of 
excess, dark yellow colored drainage 
water, added soil to cover roots 

11/19/25 sc1
0 790 5 7.5 22.3 491 43 4 36 6.24 Y 

Drained water from tray because of 
excess, watered to cover holes, added soil 
to cover roots, watered, one leaf has a 
1mm diameter hole 

11/19/25 sc1
1 804 6 7.5 21.3 510 43 11 73 6.24 Y 

Drained water from tray because of 
excess, watered to cover holes, added soil 
to cover roots, watered 

11/19/25 sc1
2 793 10 

7.5 
21.3 518 42 8 79 6.24 Y 

Drained water from tray because of 
excess, watered to cover holes, added soil 
to cover roots, watered 

11/19/25 sa1 848 4 7.5 21.9 449 38 5 48 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/19/25 sa2 793 9 7.5 21.9 458 38 4 57 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/19/25 sa3 639 8 7.5 20.9 400 38 14 81 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/19/25 sa4 712 9 7.5 20.9 491 38 11 80 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/19/25 sa5 894 8 7.5 20.9 472 38 4 19 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/19/25 sa6 884 9 7.5 20.9 448 38 2 16 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/19/25 sa7 811 11 7.5 20.9 459 38 11 80 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/19/25 sa8 711 9 7.5 20.9 472 39 11 71 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/19/25 sa9 821 9 7.5 20.9 474 40 2 13 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/19/25 
sa1

0 781 12 7.5 20.9 522 40 6 37 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/19/25 
sa1

1 817 10 7.5 20.9 502 40 10 73 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/19/25 
sa1

2 554 6 7.5 20.9 540 42 9 77 6.01 Y Added AMF, cover w/ soil, watered, 
drained water from tray because of excess 

11/20/25 rc1 NA NA NA NA NA NA NA NA NA NA   

11/20/25 rc2 NA NA NA NA NA NA NA NA NA NA   

11/20/25 rc3 NA NA NA NA NA NA NA NA NA NA transplanted 

11/20/25 rc4 NA NA NA NA NA NA NA NA NA NA transplanted 

11/20/25 rc5 NA NA NA NA NA NA NA NA NA NA   

11/20/25 rc6 NA NA NA NA NA NA NA NA NA NA transplanted 

11/20/25 rc7 NA NA NA NA NA NA NA NA NA NA   

11/20/25 rc8 NA NA NA NA NA NA NA NA NA NA   

11/20/25 rc9 NA NA NA NA NA NA NA NA NA NA   

11/20/25 rc10 NA NA NA NA NA NA NA NA NA NA   

11/20/25 rc11 NA NA NA NA NA NA NA NA NA NA   

11/20/25 rc12 NA NA NA NA NA NA NA NA NA NA   
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11/20/25 ra1 NA NA NA NA NA NA NA NA NA NA   

11/20/25 ra2 NA NA NA NA NA NA NA NA NA NA   

11/20/25 ra3 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 ra4 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 ra5 NA NA NA NA NA NA NA NA NA NA   

11/20/25 ra6 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 ra7 NA NA NA NA NA NA NA NA NA NA   

11/20/25 ra8 NA NA NA NA NA NA NA NA NA NA   

11/20/25 ra9 NA NA NA NA NA NA NA NA NA NA   

11/20/25 ra10 NA NA NA NA NA NA NA NA NA NA   

11/20/25 ra11 NA NA NA NA NA NA NA NA NA NA   

11/20/25 ra12 NA NA NA NA NA NA NA NA NA NA   

11/20/25 sc1 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sc2 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sc3 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sc4 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sc5 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sc6 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sc7 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sc8 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sc9 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sc1
0 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sc1
1 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sc1
2 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sa1 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sa2 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sa3 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sa4 NA NA NA NA NA NA NA NA NA NA   

11/20/25 sa5 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sa6 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sa7 NA NA NA NA NA NA NA NA NA NA   

11/20/25 sa8 NA NA NA NA NA NA NA NA NA NA   

11/20/25 sa9 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sa1
0 NA NA NA NA NA NA NA NA NA NA   

11/20/25 sa1
1 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/20/25 sa1
2 NA NA NA NA NA NA NA NA NA NA Transplanted 

11/24/25 rc1 
NA NA NA NA NA NA NA NA NA NA NA 

11/24/25 rc2 0 0 7.5 21.7 351 29 
NA NA NA NA   

11/24/25 rc3 5 0 7.5 22.7 336 29 
NA NA NA NA   

11/24/25 rc4 0 0 7.5 22.7 236 31 
NA NA NA NA dead 

11/24/25 rc5 NA 
NA NA NA NA NA NA NA NA NA   
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11/24/25 rc6 0 0 7.5 21.7 252 30 
NA NA NA NA dead 

11/24/25 rc7 9 0 7.5 21.7 176 30 
NA NA NA NA   

11/24/25 rc8 4 0 7.5 21.7 363 30 
NA NA NA NA never germinated 

11/24/25 rc9 NA 
NA NA NA NA NA NA NA NA NA   

11/24/25 rc10 1 0 7.5 21.7 275 30 
NA NA NA NA   

11/24/25 rc11 1 0 7.5 21.7 394 30 
NA NA NA NA   

11/24/25 rc12 0 0 7.5 21.7 348 32 
NA NA NA NA   

11/24/25 ra1 0 0 7.5 21.7 298 27 
NA NA NA NA   

11/24/25 ra2 NA 
NA NA NA NA NA NA NA NA NA nerver germinated 

11/24/25 ra3 0 0 7.5 21.7 215 28 
NA NA NA NA dead 

11/24/25 ra4 1 0 7.5 21.7 240 30 
NA NA NA NA dead 

11/24/25 ra5 NA           
NA NA NA NA   

11/24/25 ra6 0 0 7.5 21.7 297 29 
NA NA NA NA dead 

11/24/25 ra7 123 3 7.5 21.7 265 31 
NA NA NA NA   

11/24/25 ra8 0 0 7.5 21.7 380 30 
NA NA NA NA   

11/24/25 ra9 NA 
NA NA NA NA NA NA NA NA NA   

11/24/25 ra10 NA 
NA NA NA NA NA NA NA NA NA   

11/24/25 ra11 233 48 7.5 21.7 300 27 
NA NA NA NA   

11/24/25 ra12 23 0 7.5 20.7 298 28 
NA NA NA NA   

11/24/25 sc1 348 0 7.5 22.3 376 28 
NA NA NA NA   

11/24/25 sc2 NA 
NA NA NA NA NA NA NA NA NA   

11/24/25 sc3 195 0 7.5 22.2 319 28 
NA NA NA NA   

11/24/25 sc4 575 5 7.5 23.2 375 28 
NA NA NA NA   

11/24/25 sc5 326 1 7.5 22.2 347 31 
NA NA NA NA   

11/24/25 sc6 356 5 7.5 23.2 345 28 
NA NA NA NA   

11/24/25 sc7 368 6 7.5 22.1 268 29 
NA NA NA NA   

11/24/25 sc8 395 13 7.5 22.1 339 30 
NA NA NA NA   

11/24/25 sc9 317 8 7.5 21.1 385 30 
NA NA NA NA   

11/24/25 sc1
0 794 19 7.5 22.1 324 30 

NA NA NA NA   

11/24/25 sc1
1 156 5 7.5 21.1 295 29 

NA NA NA NA   

11/24/25 sc1
2 386 4 7.5 21.1 341 29 

NA NA NA NA   

11/24/25 sa1 620 5 7.5 20.1 360 30 
NA NA NA NA   

11/24/25 sa2 927 14 7.5 21.1 381 28 
NA NA NA NA   

11/24/25 sa3 1293 11 7.5 21.1 300 28 
NA NA NA NA   

11/24/25 sa4 384 8 7.5 21.1 271 31 
NA NA NA NA   

11/24/25 sa5 119 3 7.5 21.1 291 30 
NA NA NA NA   

11/24/25 sa6 641 15 7.5 22.1 383 29 
NA NA NA NA   

11/24/25 sa7 706 10 7.5 21.1 375 28 
NA NA NA NA   

11/24/25 sa8 56 7 7.5 21.1 381 30 
NA NA NA NA   

11/24/25 sa9 796 13 7.5 21.1 336 28 
NA NA NA NA   

11/24/25 sa1
0 237 12 7.5 21.1 357 30 

NA NA NA NA   
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11/24/25 sa1
1 845 10 7.5 21.1 387 30 

NA NA NA NA   

11/24/25 sa1
2 346 17 7.5 21.1 330 29 

NA NA NA NA   

 

data_p.csv       

treatment_group uid shoot_length_mm shoot_weight_g root_length_mm root_weight_g leaf_count 

Regolith_Control rc6 23 0.01 27 0.01 N/A 

Regolith_Control rc10 23 0.03 13 0.01 2 

Regolith_AMF ra6 NA NA 37 0.04 NA 

Soil_Control sc1 55 0.39 25 0.02 6 

Soil_Control sc5 34 0.19 35 0.19 4 

Soil_Control sc9 40 0.26 30 0.09 6 

Soil_Control sc10 35 0.22 26 0.05 5 

Soil_AMF sa1 56 0.21 18 0.01 6 

Soil_AMF sa2 42 0.22 22 0.02 4 

Soil_AMF sa5 25 0.1 10 0.05 6 

Soil_AMF sa6 31 0.1 26 0.05 2 

Soil_AMF sa9 18 0.07 32 0.06 4 

Soil_AMF sa10 37 0.23 38 0.11 6 

       

data_t.csv       

       

treatment_group uid shoot_length_mm shoot_weight_g root_length_mm root_weight_g leaf_count 

Regolith_Control rc3 43 0.13 20 0.05 4 

Regolith_Control rc4a 44 0 22 0 4 

Regolith_Control rc4b 40 0 22 0 4 

Regolith_Control rc4c 33 0 22 0 4 

Regolith_Control rc7 40 0.07 74 0.02 3 

Regolith_Control rc11a 38 0.08 34 0.05 3 

Regolith_AMF ra3 31 0.06 72 0.07 N/A 

Regolith_AMF ra4a NA NA 5 0.06 NA 

Regolith_AMF ra4b NA NA 45 0.07 NA 

Regolith_AMF ra7a 46 0.11 25 0.02 6 

Regolith_AMF ra7b 36 0.06 17 0.01 5 

Regolith_AMF ra8 45 0.12 25 0.07 6 

Regolith_AMF ra11 35 0.06 29 0.02 3 

Soil_Control sc3 60 0.59 42 0.46 10 

Soil_Control sc4 62 0.7 42 0.54 15 

Soil_Control sc7a 58 0.68 52 0.58 12 

Soil_Control sc7b 57 0.51 41 0.41 12 
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Soil_Control sc8 95 0.46 30 0.12 15 

Soil_Control sc11 75 0.53 35 0.35 16 

Soil_Control sc12 107 0.34 131 0.26 14 

Soil_AMF sa3 73 0.41 46 0.5 13 

Soil_AMF sa4 105 0.6 37 0.18 16 

Soil_AMF sa7 72 0.65 45 0.55 14 

Soil_AMF sa8 105 0.6 35 0.38 17 

Soil_AMF sa11 65 0.67 29 0.62 12 

       

pct_col_data_pep.csv      

treatment species sample in_pct    

Regolith_AMF P ra6 0.51158635    

Regolith_Control P rc10 0.16220096    

Regolith_Control P rc6 0.56472174    

Soil_AMF P sa1 0.21904282    

Soil_AMF P sa10 0.23450997    

Soil_AMF P sa2 0.10448232    

Soil_AMF P sa5 0.33026961    

Soil_AMF P sa6a 0.43420868    

Soil_AMF P sa6b 0.12006579    

Soil_AMF P sa6c 0.075    

Soil_AMF P sa9 0.15144231    

Soil_Control P sc1 0.2964178    

Soil_Control P sc10 0.4875    

Soil_Control P sc5 0.19863548    

Soil_Control P sc6a 0.16840659    

Soil_Control P sc6b 0.48125    

Soil_Control P sc9 0.17912088    

       

pct_col_data_tom.csv      

treatment species sample in_pct    

Regolith_AMF T ra11 0.06896552    

Regolith_AMF T ra3 0.16570113    

Regolith_AMF T ra4a 0.164968    

Regolith_AMF T ra4b 0.43422099    

Regolith_AMF T ra7a 0.26638448    

Regolith_AMF T ra7b 0.15067899    

Regolith_AMF T ra8 0.12469807    

Regolith_Control T rc11a 0.29583333    
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Regolith_Control T rc11b 0.27571098    

Regolith_Control T rc12 0.09562212    

Regolith_Control T rc4 0.13823529    

Regolith_Control T rc7a 0.32889108    

Regolith_Control T rc7b 0.17763158    

Soil_AMF T sa11 0.24885405    

Soil_AMF T sa12 0.21212121    

Soil_AMF T sa3a 0.075    

Soil_AMF T sa3b 0.140625    

Soil_AMF T sa4 0.16161616    

Soil_AMF T sa7 0.02173913    

Soil_Control T sc11 0.30479798    

Soil_Control T sc12 0.12905983    

Soil_Control T sc3 0.23504419    

Soil_Control T sc4 0.14220056    

Soil_Control T sc7a 0.125    

Soil_Control T sc7b 0.20416667    

 

Response ratio calculations 
species measurem

ent 
comparison treatment Control_La

bel 
treatm
etment 

avg 

control 
avg 

RR (=LN(F1/G1) factoria
l 

change
s 

(=exp(
H1) 

Tomato 
Shoot 
Length 

AMF_vs_Control_wi
thin_Regolith Reg AMF Reg Ctrl 38.6 39.67 -0.027342958 1.0 

Tomato 
Shoot 
Length 

AMF_vs_Control_wi
thin_Soil Soil AMF Soil Ctrl 84 73.43 0.134484227 1.1 

Tomato 
Shoot 
Mass 

AMF_vs_Control_wi
thin_Regolith Reg AMF Reg Ctrl 0.08 0.05 0.470003629 1.6 

Tomato 
Shoot 
Mass 

AMF_vs_Control_wi
thin_Soil Soil AMF Soil Ctrl 0.59 0.54 0.088553397 1.1 

Tomato 
Root 
Length 

AMF_vs_Control_wi
thin_Regolith Reg AMF Reg Ctrl 31.14 32.33 -0.037502425 1.0 

Tomato 
Root 
Length 

AMF_vs_Control_wi
thin_Soil Soil AMF Soil Ctrl 38.4 53.29 -0.327691237 0.7 

Tomato Root Mass 
AMF_vs_Control_wi
thin_Regolith Reg AMF Reg Ctrl 0.05 0.02 0.916290732 2.5 

Tomato Root Mass 
AMF_vs_Control_wi
thin_Soil Soil AMF Soil Ctrl 0.45 0.39 0.143100844 1.2 

Tomato 
Lateral 
Roots 

AMF_vs_Control_wi
thin_Regolith Reg AMF Reg Ctrl 9.43 6.17 0.424197259 1.5 

Tomato 
Lateral 
Roots 

AMF_vs_Control_wi
thin_Soil Soil AMF Soil Ctrl 10.2 12.86 -0.231733999 0.8 

Pepper 
Shoot 
Length 

AMF_vs_Control_wi
thin_Soil Soil AMF Soil Ctrl 34.83 41 -0.163092982 0.8 

Pepper 
Shoot 
Mass 

AMF_vs_Control_wi
thin_Soil Soil AMF Soil Ctrl 0.16 0.27 -0.523248144 0.6 

Pepper 
Root 
Length 

AMF_vs_Control_wi
thin_Regolith Reg AMF Reg Ctrl 37 20 0.615185639 1.9 
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Pepper 
Root 
Length 

AMF_vs_Control_wi
thin_Soil Soil AMF Soil Ctrl 24.3 29 -0.17681948 0.8 

Pepper Root Mass 
AMF_vs_Control_wi
thin_Regolith Reg AMF Reg Ctrl 0.04 0.01 1.386294361 4.0 

Pepper Root Mass 
AMF_vs_Control_wi
thin_Soil Soil AMF Soil Ctrl 0.05 0.09 -0.587786665 0.6 

Pepper 
Lateral 
Roots 

AMF_vs_Control_wi
thin_Regolith Reg AMF Reg Ctrl 2 4.5 -0.810930216 0.4 

Pepper 
Lateral 
Roots 

AMF_vs_Control_wi
thin_Soil Soil AMF Soil Ctrl 4.67 6.25 -0.291422392 0.7 

Tomato 
Shoot 
Length 

Soil_vs_Regolith_wi
thin_AMF Soil AMF Reg AMF 84 38.6 0.777564522 2.2 

Tomato 
Shoot 
Mass 

Soil_vs_Regolith_wi
thin_AMF Soil AMF Reg AMF 0.59 0.08 1.998095902 7.4 

Tomato 
Root 
Length 

Soil_vs_Regolith_wi
thin_AMF Soil AMF Reg AMF 38.4 31.14 0.209564293 1.2 

Tomato Root Mass 
Soil_vs_Regolith_wi
thin_AMF Soil AMF Reg AMF 0.45 0.05 2.197224577 9.0 

Tomato 
Lateral 
Roots 

Soil_vs_Regolith_wi
thin_AMF Soil AMF Reg AMF 10.2 9.43 0.078491624 1.1 

Pepper 
Root 
Length 

Soil_vs_Regolith_wi
thin_AMF Soil AMF Reg AMF 24.3 37 -0.420441562 0.7 

Pepper Root Mass 
Soil_vs_Regolith_wi
thin_AMF Soil AMF Reg AMF 0.05 0.04 0.223143551 1.3 

Pepper 
Lateral 
Roots 

Soil_vs_Regolith_wi
thin_AMF Soil AMF Reg AMF 4.67 2 0.848011891 2.3 

Tomato 
Shoot 
Length 

Soil_vs_Regolith_wi
thin_Control Soil Ctrl Reg Ctrl 73.43 39.67 0.615737337 1.9 

Tomato 
Shoot 
Mass 

Soil_vs_Regolith_wi
thin_Control Soil Ctrl Reg Ctrl 0.54 0.05 2.379546134 10.8 

Tomato 
Root 
Length 

Soil_vs_Regolith_wi
thin_Control Soil Ctrl Reg Ctrl 53.29 32.33 0.499753105 1.6 

Tomato Root Mass 
Soil_vs_Regolith_wi
thin_Control Soil Ctrl Reg Ctrl 0.39 0.02 2.970414466 19.5 

Tomato 
Lateral 
Roots 

Soil_vs_Regolith_wi
thin_Control Soil Ctrl Reg Ctrl 12.86 6.17 0.734422881 2.1 

Pepper 
Shoot 
Length 

Soil_vs_Regolith_wi
thin_Control Soil Ctrl Reg Ctrl 41 23 0.578077851 1.8 

Pepper 
Shoot 
Mass 

Soil_vs_Regolith_wi
thin_Control Soil Ctrl Reg Ctrl 0.27 0.02 2.602689685 13.5 

Pepper 
Root 
Length 

Soil_vs_Regolith_wi
thin_Control Soil Ctrl Reg Ctrl 29 20 0.371563556 1.5 

Pepper Root Mass 
Soil_vs_Regolith_wi
thin_Control Soil Ctrl Reg Ctrl 0.09 0.01 2.197224577 9.0 

Pepper 
Lateral 
Roots 

Soil_vs_Regolith_wi
thin_Control Soil Ctrl Reg Ctrl 6.25 4.5 0.328504067 1.4 
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