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ABSTRACT:	
The human colonisation of space is no longer confined to the realm of science fiction. Among various celestial bodies, Mars has 
emerged as a primary target for long-term human settlement in the future. One of the major challenges in such missions is ensuring 
a sustainable food supply. Transporting food across such vast distances is both costly and impractical, prompting growing interest in 
space farming and the use of in situ resources, such as Martian regolith, for plant cultivation. In this study, we explored the potential 
of growing watermelon (Citrullus lanatus) under simulated Martian conditions using a substrate which mimics the composition of 
Martian regolith. To mitigate nutrient deficiency, the seeds were treated with plant growth-promoting bacteria (PGPB) isolated from 
the rhizosphere of Miscanthus × giganteus grown in heavy metal-contaminated soil, yielding bacterial strains tolerant to the met-
al-rich and nutrient-poor conditions analogous to those of the Martian regolith simulant. Statistically significant differences in the 
plant growth parameters - including height, root length, fresh weight, and leaf area - were observed between the plants grown on 
soil and regolith substrates, while the chlorophyll content showed no significant variation, suggesting a preserved photosynthetic 
function despite abiotic stress. Additionally, seed inoculation with a bacterial consortium consisting of Pseudomonas chlororaphis, 
Bacillus safensis, and B. cereus/thuringiensis improved the germination rates compared to the untreated control. This research rep-
resents the first attempt to cultivate watermelon in a Martian regolith simulant and highlights the potential of PGPB as a promising 
strategy to enhance plant performance under extreme conditions. Further studies are needed to optimise microbial consortia and 
regolith amendments for future space agriculture applications.
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INTRODUCTION

Since ancient times, humanity has been driven by a deep curiosity to under-
stand the cosmos and explore the potential for life beyond Earth. This quest 
has gradually evolved from philosophical speculation into scientific investi-
gation. Among all the celestial bodies in our solar system, Mars has emerged 
as a particularly compelling target - due not only to its proximity and sur-
face features, but also to mounting evidence that it may once have harboured 
conditions suitable for life (Beech & Comte 2021). Although Mars is now a 
cold, dusty desert with a thin atmosphere, it remains the leading candidate for 
future human exploration and long-term settlement (Gillmann et al. 2009; 
Maity & Saxena 2024). 
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In all scenarios involving long-term human presence on Mars, plants 
are considered essential components of a bioregenerative life support system 
(BLSS) (Kane & Shasteen 2024). A fully functional BLSS must be capable of 
recycling water, regenerating the atmosphere, and sustaining food produc-
tion within a closed-loop system (Duri et al. 2022). Plants play a central role 
by converting carbon dioxide into oxygen and food, while simultaneously 
processing human waste into usable nutrients, thus forming a self-sustaining 
cycle crucial to both space habitats and Earth ecosystems (Ferl et al. 2002). 
To reduce dependency on supplies from Earth and enhance sustainability, na-
tive regoliths are being evaluated as potential substrates for plant cultivation 
(Eichler et al. 2021). Integrating in situ resource utilisation (ISRU) with BLSS 
is viewed as a promising strategy to enable long-term food production in off-
Earth regolith (Duri et al. 2022).

A Martian regolith is a fine-grained, loose mixture of rocky soil and dust 
which lacks organic matter, contains toxic compounds such as perchlorates, 
and presents physical and chemical challenges to plant growth (Bishop et 
al. 2002; Ramírez et al. 2019). It is primarily composed of basaltic sand rich 
in plagioclase, olivine, and pyroxene, with smaller amounts of smectite and 
saponite clays, sulphate salts such as gypsum and anhydrite, and iron oxides 
like magnetite, hematite, and ferrihydrite, which are responsible for Mars’ 
distinctive reddish appearance (McSween & Keil 2000; Peters et al. 2008). 
Based on data from the Rover, Lander, and Orbiter missions, a number of 
regolith simulants have been developed to support Earth-based experiments 
(Long-Fox & Britt 2023). However, given the diversity of Mars’ surface, no 
single simulant can fully represent the planet’s complexity to support life such 
as plants.

Plant growth trials have shown that these simulants can support short-
term cultivation and provide essential minerals such as potassium, calcium, 
magnesium, and iron (Duri et al. 2022). However, they are deficient in or-
ganic matter and key macronutrients like nitrogen, phosphorus, and sulphur. 
Furthermore, factors such as high alkalinity, elevated sodium levels, low co-
hesion, poor water retention, and occasional perchlorate toxicity limit their 
agricultural potential (Duri et al. 2022).

To improve the growth potential of regolith simulants, several strategies 
have been proposed. These include the addition of stable organic amendments 
to enhance nutrient content and structure, as well as soil tillage methods to 
reduce water leaching in a reduced-gravity environment (Maggi & Pallud 
2010; Eichler et al. 2021). Nodulating plants and their nitrogen-fixing sym-
bionts have also been used to enhance the fertility of Martian regolith (Har-
ris et al. 2021). In addition, microbial consortia can be integrated to enhance 
nutrient availability, further supporting ISRU-based approaches (Handy et 
al. 2021).

On Earth, plant growth-promoting bacteria (PGPB) play a crucial role in 
supporting plant development by producing growth hormones, enhancing 
nutrient uptake, fixing atmospheric nitrogen, and offering protection against 
pathogens (Glick 2012). In extraterrestrial agriculture, these microbes may 
serve similar functions, although this remains an underexplored area with 
considerable potential. Their use could reduce the need for external fertilisers 
and improve plant resilience in closed environments (Handy et al. 2021).

Previous studies have evaluated a diverse array of crop species in Martian 
regolith simulants - including cereals, legumes, root and bulb vegetables, sola-
naceous crops, and even ornamental species (Duri et al. 2022). The objective 
of this study was to evaluate the potential for cultivating watermelon (Citrul-
lus lanatus) in a Martian regolith simulant, as, to our knowledge, this crop has 
not yet been studied under such conditions despite its potential as a valuable 
food and hydration source for future human missions. Watermelon originates 
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from Africa and, in some arid regions, has traditionally been used as a val-
uable water source due to its high fruit water content (about 93%) (Wehner 
2008). It is capable of achieving high water productivity under conditions of 
severe water deficit, indicating its capacity to convert limited water into fruit 
even under minimal irrigation efficiently (Singh et al. 2021). Moreover, wa-
termelon is a nutrient-rich crop, known for its high content of antioxidants 
including lycopene, vitamin C, β-carotene, and polyphenols, which offer an-
ti-inflammatory and anticancer benefits, and support overall human health 
(Maoto et al. 2019). As regolith is an extremely stressful environment for 
Earth plants, we examined whether PGPB originating from the roots of Mis-
canthus × giganteus, a plant adapted to similar nutrient-poor, metal-contam-
inated soils (Rakić et al. 2021; Pešić et al. 2024), could enhance watermelon 
growth under such conditions.

MATERIAL AND METHODS

Bacterial strains. The bacterial strains used in this study were Pseudomonas 
chlororaphis Bo, Bacillus safensis Do, and Bacillus cereus/thuringiensis F4, ob-
tained from the microbial collection of the Microorganism-Host Interactions 
Group, Faculty of Biology, University of Belgrade. The strains were isolated 
from the rhizosphere of Miscanthus × giganteus plants which had been grow-
ing for two years in the flotation tailings of the Rudnik mine in Central Serbia, 
a substrate characterised by high levels of metal contamination and severe 
macronutrient deficiencies (Rakić et al. 2021). For inoculum preparation, the 
strains were grown overnight in Luria-Bertani broth (10 g of tryptone (TM 
Media, India), 5 g of yeast extract (TM Media, India) and 5 g of NaCl (HiMe-
dia Laboratories, India) per litre of distilled water) at 30°C with continuous 
shaking at 180 rpm.

Regolith simulant preparation. The Martian regolith simulant used in this 
study was prepared from individual mineral components. The mixture was 
based on the most abundant oxides commonly reported in Martian simulants 
(Duri et al. 2022). The final mixture consisted of 54% SiO2, 18% Fe2O3, 10% 
Al2O3, 8% CaO, and 10% MgO. To achieve a clay-like consistency, approx-
imately 3 litres of distilled water were added to 1 kg of the dry mixture. To 
improve substrate porosity, thoroughly washed quartz sand with a grain size 
of 1–2 mm was mixed into the substrate at a 1:1 ratio. No sterilisation was 
performed after regolith preparation.

Regolith simulant and soil chemical properties determination. The chem-
ical properties of the commercial soil substrate (Grow Mix, Plagron, Neth-
erlands), used for cultivating the control plants, and of the regolith simulant 
samples were determined by analysing the readily available (bioavailable) 
fractions of selected macroelements and nutrients. Magnesium, calcium, po-
tassium, and phosphorus were quantified using inductively coupled plasma 
optical emission spectrometry (ICP-OES). The total nitrogen content was de-
termined in accordance with the Kjeldahl procedure (Sáez-Plaza et al. 2013), 
while the content of organic carbon was measured using the Tyurin method 
(Shamrikova et al. 2022).

Watermelon seeds treatment. The watermelon variety used in this study was 
Crimson Sweet. The seeds were washed five times with sterile distilled water 
and subsequently treated with bacterial suspensions. The suspensions were 
prepared from overnight cultures of strains Bo, Do, and F4. Each culture was 
centrifuged (MIKRO 220, Hettich, Germany) at 5000 rpm for 10 minutes, the 
supernatant was discarded, and the resulting pellet was resuspended in an 
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equal volume of sterile distilled water. Seed treatments were performed by in-
cubating the seeds for 10 minutes in a suspension of strain F4 alone (10 mL), a 
combination of strains F4 and Do (5 mL each), and a combination of all three 
strains Bo, Do, and F4 (3.33 mL each). These combinations were selected based 
on preliminary screening in which the individual strains and their mixtures 
were evaluated for their effects on watermelon growth in regolith-like condi-
tions (unpublished data). The seeds treated with sterile distilled water were 
used as the negative control. After treatment, the seeds were air-dried in a 
laminar flow hood for one hour prior to planting.

Plant cultivation and growth monitoring. The watermelon seeds treated 
with PGPB or sterile distilled water were sown in 14 replicates in parallel in 
two different substrates, the Martian regolith simulant and a commercial soil 
substrate. The plants were grown in a growth box (Hydro Shoot HS60, Secret 
Jardin, Belgium) at room temperature under a 14/10 h light/dark photoperiod. 
They were watered every two days with approximately 10 mL of tap water. 
Seed germination was evaluated by calculating the germination rate, defined 
as the percentage of seeds which successfully germinated within the observa-
tion period. After four weeks, the following parameters were measured: the 
plant height, root length, fresh weight, the number of leaves, total leaf area 
per plant, and the chlorophyll content. The total leaf area was calculated using 
ImageJ software (Schneider et al. 2012). For the chlorophyll quantification, 
0.02 g of leaf tissue from each plant sample was immersed in 2 mL of 96% 
ethanol and incubated at 70°C for 10 minutes. Following incubation, the ab-
sorbance of the extract was measured at wavelengths of 648 nm and 664 nm 
using a spectrophotometer (SPECTROstar Nano, BMG Labtech, Germany). 
The obtained absorbance values were applied to standard equations to calcu-
late the concentrations of total chlorophyll (Chl total), chlorophyll a (ChlA), 
and chlorophyll b (ChlB) (Ritchie 2008):

Chl total = 5.24 × A664 + 22.24 × A648
ChlA = 13.36 × A664 – 5.19 × A648
ChlB = 27.43 × A648 – 8.12 × A664

In the formula, A664 and A648 denote the absorbance of the sample at 664 nm 
and 648 nm, used for chlorophyll determination.

Statistical analyses. Statistical analyses were performed in RStudio (Ver-
sion 4.5.1) using R software (R Core Team 2024). The data distribution was 
assessed using the Shapiro-Wilk test (shapiro.test function from base R) ap-
plied to both raw and log-transformed values. Since several datasets showed 
deviations from normality, non-parametric statistical approaches were also 
used. To test the effect of the treatments and substrates on the measured plant 
parameters, we used Permutational Multivariate Analysis of Variance (PER-
MANOVA) via the adonis2 function from the vegan package (Oksanen et al. 
2022). This method is suitable for data which do not meet the assumptions of 
parametric ANOVA. Statistical significance was assessed at an alpha level of 
0.05. For post-hoc comparisons between the treatment groups and substrates, 
we applied a pairwise permutational test using the pairwise.adonis2 function 
from the pairwiseAdonis package (Martinez Arbizu 2020). Descriptive sta-
tistics (mean and standard deviation) were calculated using the dplyr package 
(Wickham et al. 2023), while data visualisations were performed using gg-
plot2 (Wickham 2016). 
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RESULTS

The chemical composition of the regolith simulant differed markedly from 
that of the soil substrate (Table 1). While magnesium was present at high-
er concentrations in the simulant compared to the soil, calcium was slightly 
lower. Potassium, phosphorus, nitrogen, and organic carbon were drastically 
reduced in the simulant, with phosphorus and organic carbon almost absent. 
Overall, the regolith simulant was severely depleted in essential nutrients and 
organic matter compared to the soil, reflecting a harsh, nutrient-poor envi-
ronment likely to limit plant growth without supplementation.

After four weeks of growth in the Martian regolith simulant and soil sub-
strate, the watermelon plants were more developed in the soil compared to 
those grown in the regolith (Fig. 1). The first true leaves emerged 11 days after 
sowing in the soil, whereas leaf emergence was delayed until after 18 days in 
the regolith substrate. Seed germination, assessed by the number of emerged 
plants relative to the number of seeds sown, was affected by treatment (Sup-
plementary Table 1). In the regolith, 78.6% of the seeds germinated in the 
negative control, while 100% germinated with the Bo+Do+F4 treatment and 
92.9% with the Do+F4 treatment. In the soil, 78.6% of the seeds germinated in 
the negative control compared with 85.7% with the Bo+Do treatment. The F4 
treatment alone and the Bo+Do+F4 combination neither enhanced nor sup-
pressed germination in the soil.

Analyzed 
parameter Unit Bioavailable concentration  

in commercial soil
Bioavailable concentration  

in Martian regolith simulant

Mg ppm 430.7 4626.2
Ca ppm 5931.2 4650.4
K ppm 677.3 3.3
P ppm 192.5 <0.5
N % (m/m) 0.442 0.019

Organic carbon % (m/m) 41.4 0.08

Table 1. Chemical properties of the commercial soil and Martian regolith simulant sub-
strates.

Parameter Soil Regolith Relative difference (%)
(Soil vs. Regolith)

Mean SD Mean SD

Height (cm) 17.38 (a) 2.55 11.7 (b) 0.98 32.67%
Root length (cm) 5.02 (a) 2.14 2.34 (b) 1.18 53.45%

No of leaves 2.91 (a) 0.83 1.5 (b) 0.53 48.45%
Total leaf area (cm²) 18.84 (a) 10.82 1.43 (b) 0.71 92.43%

Fresh weight (g) 1.79 (a) 0.53 0.575 (b) 0.07 67.87%
ChlA (mg/L) 0.99 (a) 0.24 0.94 (a) 0.15 5.39%
ChlB (mg/L) 4.33 (a) 0.95 4.08 (a) 0.57 5.75%

Chl total (mg/L) 14.05 (a) 3.03 13.1 (a) 1.52 6.76%

Table 2. Percentage differences (%) in the average values of the measured growth parameters in the negative controls of the 
watermelon plants grown in commercial soil and a Martian regolith simulant. Positive values indicate higher values in the 
soil. Letters in brackets (a) and (b) indicate statistically significant differences; values which share the same letter are not sig-
nificantly different. The significance threshold was set at α = 0.05. 
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Permutational multivariate analysis of variance indicated statistically 
significant differences in the measured parameters due to the substrate type, 
treatment, and their interaction (p < 0.05) (Supplementary Table 2). The effect 
of the substrate was the most pronounced, particularly influencing the plant 
height, root length, number of leaves, total leaf area, and fresh weight (Fig. 2). 
Post-hoc pairwise tests revealed no statistically significant differences in the 
chlorophyll content between the soil- and regolith-grown plants, indicating 
that chlorophyll biosynthesis may not be strongly impacted by substrate com-
position (Supplementary Table 3). Based on the measured growth parameters 
in the negative controls after four weeks, the most noticeable and statistically 
significant differences were observed in the total leaf area (92.43%) and fresh 
weight (67.87%) (Table 2).

When analysing the effect of the treatments within the regolith substrate, 
the only statistically significant difference compared to the negative control 
was observed in the number of leaves (Fig. 2; Supplementary Table 4). Spe-
cifically, the plants treated with Do+F4 had fewer leaves than those in the 
negative control.

DISCUSSION

The significance of this investigation lies in demonstrating the ability of wa-
termelon plants to grow under challenging conditions, specifically in a nu-
trient-poor substrate designed to mimic the composition and limitations of 
Martian soil. The substrate contained the essential macronutrients, nitrogen, 
phosphorus, and potassium, at extremely low concentrations, likely originat-
ing from impurities in the substances used for its preparation. In contrast, the 
bioavailable levels of secondary nutrients, magnesium and calcium, were high, 
with magnesium much higher than typically found in soil and calcium similar 
to natural soil levels. The transformation of these compounds from oxides 
into plant-accessible forms may have been facilitated by naturally occurring 
bacteria in the non-sterilised substrate (Fackrell et al. 2024).

The delay in the development of the first true leaves in the regolith simu-
lant suggests a prolonged dependence on seed nutrient reserves, highlighting 

Fig. 1. Representative images 
of the watermelon plants 
grown in a Martian regolith 
simulant and commercial 
soil. A. Emergence of the 
watermelon seedlings 
through the regolith surface, 
6 days after sowing; B. 
Appearance of the first true 
leaves in the plants grown 
in regolith, 18 days after 
sowing; C. Watermelon 
plants after 4 weeks of growth 
in the Martian regolith; 
D. Comparison of the 
watermelon plants grown in 
the regolith and soil, 4 weeks 
after sowing. 
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the slow initial growth under extreme nutrient-poor conditions. The delayed 
emergence of true leaves suggests that the watermelon seedlings relied heavily 
on the limited resources stored in the seed endosperm during early develop-
ment. Continued growth beyond this stage implies that external sources, al-
beit minimal, supported further plant development despite the unfavourable 
conditions. It is also important to note that the tap water used for watering 
is likely to have provided small amounts of nutrients, as ions such as magne-
sium, calcium, potassium, and bicarbonates are present in the public water 
supplies used in our study (Petrović et al. 2012). 

Interestingly, the chlorophyll content was similar between the plants 
grown in soil and those grown in the regolith simulant. Chlorophyll is a cru-
cial pigment in the photosynthetic apparatus, responsible for light absorp-
tion and photochemical reactions (Li et al. 2024). Nitrogen, particularly in 
the form of nitrate (NO3), is one of the most important nutrients for plant 
growth and development, and it plays a key role in chlorophyll synthesis (Gou 
et al. 2020). Early chlorophyll formation can be attributed to nitrogen remo-
bilised from seed storage proteins. However, given the four-week growth peri-
od, seed-derived nitrogen alone is unlikely to have fully sustained chlorophyll 
maintenance, suggesting that trace nitrogen inputs and efficient internal ni-
trogen recycling contributed to prolonged plant viability under nitrogen-lim-
ited conditions. It has been shown that chlorophyll synthesis can be enhanced 
under nitrate stress in the presence of silicon (Gou et al. 2020), which could 

Fig. 2. Average values of 
growth and physiological 
parameters (y-axis) in the 
watermelon plants originating 
from the seeds treated with 
plant growth-promoting 
bacteria (x-axis), cultivated 
in two different substrates: 
a Martian regolith simulant 
and commercial soil. Letters 
placed inside or above the 
bars indicate statistically 
significant differences among 
the treatments and substrates 
for each measured parameter. 
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have occurred due to the silicon abundance in Martian regolith simulants, 
primarily as SiO2. Eichler et al. (2021) also reported similar chlorophyll lev-
els in plants grown in the JSC-Mars-1A and MMS-1 Martian regolith simu-
lants compared to those grown in soil. However, in another study, the addition 
of compost to a Mars regolith simulant significantly increased the chlorophyll 
a and b content compared to the plants grown in the pure simulant substrate 
(Duri et al. 2020).

The application of microorganisms to solubilise essential elements in ex-
traterrestrial simulants is a promising strategy for improving substrate fer-
tility. The strains we used for seed treatment are known for their tolerance 
to heavy metals and exhibit various plant growth-promoting traits (Rakić et 
al. 2021), among which indole-3-acetic acid (IAA) and siderophore produc-
tion may be of particular importance for this study. Bacterial siderophores, 
which chelate and mobilise iron from mineral-rich phases, may facilitate iron 
redistribution within the regolith, thereby improving the accessibility of this 
essential micronutrient to plants (Fackrell et al. 2024), while the production 
of IAA is known to enhance seed germination and early seedling growth in 
Cucurbitaceae (Blinkov et al. 2014). The most notable effect of the applied 
PGPB was observed during the germination phase in the regolith simulant, 
where various combinations of strains promoted successful germination in 
a significantly higher number of seeds compared to the untreated control. 
These findings suggest that certain bacterial treatments may enhance germi-
nation even in substrates of suboptimal composition. Utilising PGPB consor-
tia rather than individual strains appears to be a more effective approach due 
to their enhanced adaptability, robustness, and multifunctionality (Woo & 
Pepe 2018; Kaushal et al. 2023). To ensure the success of a microbial inoc-
ulant, its viability should be monitored, as effective colonisation of external 
or internal plant tissues is required; however, even then, its long-term persis-
tence is not guaranteed (Romano et al. 2020). Therefore, various approaches 
should be employed to track bioinoculants over time, including culture-de-
pendent, microscopic, and molecular methods (Romano et al. 2020). Cultural 
methods, such as plate counting on selective or non-selective media, provide 
direct evidence of cell viability through colony formation. To distinguish the 
viable cells of the target bacterial species from the non-viable cells, methods 
combining species specificity with viability assessment can be applied. Flu-
orescence in situ hybridisation using fluorescently labelled oligonucleotide 
probes enables the direct visualization of specific bacterial taxa, and when 
combined with LIVE/DEAD staining, it allows the simultaneous evaluation 
of both cell integrity and species identity (Savichtcheva et al. 2005). Alter-
natively, propidium monoazide treatment coupled with qPCR or dPCR selec-
tively amplifies DNA from intact (viable) cells, while excluding signals from 
membrane-compromised (non-viable) cells (Takahashi et al. 2018; Okada 
et al. 2022). 

The choice of the most appropriate PGPB depends on various factors such 
as plant species, its growth method, and the location of the potential Mar-
tian colony site (Handy et al. 2021), as well as the specific characteristics of 
the individual PGPB strains. The continuous search for more effective PGPB 
candidates remains essential, but even the best strains may express limited 
efficacy in substrates lacking the organic matter and essential nutrients for 
plant growth. In the study carried out by Duri et al. (2025) where a Martian 
regolith simulant was mixed with compost, the application of PGPB enhanced 
plant growth across all the measured parameters and resulted in increased 
nutrient content in the plant tissue. Strategies which incorporate varying 
amounts of composted organic waste to enrich the regolith and transform 
it into a more life-sustaining substrate may represent a promising approach. 
Importing organic material from Earth to Mars is not feasible, so the addition 
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of in situ recycled organic matter to enrich regolith (improving fertility, struc-
ture, and water-holding capacity) represents a sustainable solution. Organic 
waste generated by crew members can be processed as compost or fertiliser to 
support plant growth. Future studies should evaluate the effectiveness of these 
treatments under Martian conditions. 

CONCLUSION

The growth of watermelon plants in a substrate containing oxides which re-
semble a Martian regolith simulant is achievable to some extent. The appli-
cation of PGPB consortia during the seed stage appears to be a promising 
strategy for enhancing seed germination under such conditions. However, the 
low-nutrient environment of the regolith is likely to pose a specific stress lim-
iting plant development compared to growth in nutrient-rich soil. The incor-
poration of organic matter into the regolith substrate could potentially miti-
gate this effect and promote better growth. Interestingly, certain physiological 
parameters, such as the chlorophyll content, remained stable regardless of the 
substrate, suggesting that photosynthetic function is preserved even under 
stress. This study represents a preliminary step in the broader field of space 
agriculture, where a comprehensive understanding of abiotic stressors is es-
sential to simulate realistic conditions. Continued research is needed to devel-
op sustainable plant cultivation systems capable of supporting bioregenerative 
life support systems and ultimately aiding the human colonisation of space.
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Gajenje lubenice (Citrullus lanatus) u simulantu Marsovog 
regolita nakon tretmana semena bakterijama koje pospešuju rast 
biljaka

Marina Sokić, Iva Rosić, Ivana Marić, Slaviša Stanković i Tanja Berić

Kolonizacija svemira od strane ljudi više nije ograničena na domen naučne fantastike. 
Među različitim nebeskim telima, Mars se izdvojio kao primarna meta za dugoročno 
ljudsko naseljavanje u budućnosti. Jedan od glavnih izazova u takvim misijama predstav-
lja obezbeđivanje održivog izvora hrane. Transport hrane na tako velike udaljenosti je 
skup i nepraktičan, što podstiče sve veće interesovanje za razvoj poljoprivrede u svemiru 
i korišćenje in situ resursa za gajenje biljaka, kao što je regolit na površini Marsa. U ovoj 
studiji istraživali smo mogućnost za uzgajanje lubenice (Citrullus lanatus) u simuliranim 
marsovskim uslovima koristeći supstrat koji oponaša sastav marsovskog regolita. Da bi se 
ublažio nedostatak hranljivih materija, seme je tretirano bakterijama koje podstiču rast 
biljaka (PGPB) izolovanim iz rizosfere Miscanthus × giganteus, biljke gajene na zemljištu 
kontaminiranom teškim metalima. Statistički značajne razlike u parametrima rasta – uk-
ljučujući visinu, dužinu korena, svežu masu i površinu lista – zabeležene su između biljaka 
gajenih u zemljištu i regolitu, dok u sadržaju hlorofila nisu zabeležene značajne varijacije, 
što ukazuje na očuvanu fotosintetičku funkciju uprkos abiotičkom stresu. Pored toga, se-
mena inokulisana bakterijskim konzorcijumom imala su poboljšanu klijavost u poređenju 
sa netretiranom kontrolom. Ovo istraživanje predstavlja prvi pokušaj gajenja lubenice u 
simulantu marsovskog regolita i ukazuje na potencijal upotrebe PGPB kao obećavajuće 
strategije za unapređenje performansi biljaka u ekstremnim uslovima. Dalja istraživanja 
su neophodna u cilju optimizacije sastava konzorcijuma mikroorganizama i regolita za 
buduće primene u svemirskoj poljoprivredi.

Ključne reči: BLSS, ISRU, konzorcijum mikroorganizama, svemirska poljoprivreda, kol-
onizacija svemira
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