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he Artemis Il mission represents a civilizational threshold, transitioning humanity
from lunar visitors to potential architects of a permanent extraterrestrial presence.
Central to this goal is the Lunar Effects on Agricultural Flora (LEAF) experiment, a
pioneering systems biology payload designed to investigate how the unique stresses of the
Moon’s surface (specifically partial gravity and high radiation) affect the growth and nutrition

of potential space crops.
The Pedological Frontier: From Regolith to Rhizosphere

Traditional agriculture is a 10,000-year-old dialogue between Earth’s biology and its
geosphere. On the Moon, this dialogue must be rebuilt from scratch. The lunar surface presents
a "regolith” that is chemically and physically hostile to life: it lacks organic matter, contains

toxic perchlorates, and consists of jagged, electrostatic glass shards.

The Galactic Gardens concept seeks to transform this barren parent material into a
functional sol. The LEAF mission is the first step in this process, utilizing a self-contained
"Beta" payload to shield model crops from the vacuum of space while exposing them to the

Moon's unique gravitational and radiological environment.
Scientific Objectives and the Redox Hypothesis

The primary mission of LEAF is to perform the first comprehensive, organism-wide
assessment of plant physiology in the lunar environment. This involves answering critical
questions about how biophysical stressors beyond Low Earth Orbit (LEO) impact

photosynthetic productivity, nutrient density, and molecular signaling.
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The experiment is built around the Redox State Hypothesis. In the harsh lunar environment,
space stressors such as Galactic Cosmic Rays (GCR) and partial gravity create an Oxidant-

Antioxidant Imbalance within plant cells.

o Radiolysis: High-energy radiation can split water molecules within cells, producing

Reactive Oxygen Species (ROS).

o Systemic Response: This imbalance triggers shifts in hormone levels and gene

expression.

e Resulting Strains: If defense mechanisms (like antioxidant upregulation) are
insufficient, plants may suffer from slowed growth, macronutrient breakdown, and

even cell death.
The mission also targets on several other critical scientific objectives:

e Biophysical Stress Characterization: Monitoring how partial gravity (1/6g) and
elevated deep-space radiation affect germination, photosynthetic efficiency, and

nutritional quality.

« Genome-Wide Biomolecular Mapping: Returning seedling samples to Earth to apply
advanced systems biology tools, identifying deviations in gene expression and

metabolic pathways triggered by lunar stressors.
Advanced Instrumentation: The LEAF Payload

The LEAF payload is a self-contained "mini-greenhouse” designed to shield its
occupants from the vacuum of space while precisely monitoring their condition. It utilizes three

core systems:

e Lunar Environment Monitoring (LEM): A suite of sensors that continuously

measures lunar gravity, radiation levels, and acceleration.

e Plant Habitat Support (PHS): This system provides a "cabin-like" atmosphere,
controlling temperature, humidity, and CO? levels while facilitating gas exchange for

photosynthesis.
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e Plant Health Imaging (PHI): A high-resolution camera system that tracks seed
germination, clonal reproduction, and morphology, allowing scientists on Earth to

watch the plants develop in real-time.

Fig. 1: LEAF beta payload concept Fig. 2: (a) B.rapa (b) Wolfia (c) Growth chamber

The Pioneer Species

Three distinct plant types have been selected for their nutritional density and well-

understood genetic profiles:

e Brassica rapa (Wisconsin Fast Plants): Chosen for their rapid 14-day lifecycle, these
plants allow scientists to observe a complete developmental transition within a single
lunar mission. LEAF will compare red and green varieties to see if high-antioxidant

(anthocyanin) levels provide better radiation resilience.

o Wolffia (Duckweed): A "superfood” candidate that contains up to 50% high-quality

protein and is exceptionally resistant to radiation.

o Arabidopsis thaliana: A fundamental model organism in plant biology, used as a

genetic baseline to map specific DNA deviations caused by the lunar environment.
Artemis III vs. Chang’e 4: A New Benchmark

LEAF builds on the lessons of the 2019 Chinese Chang’e 4 mission, which successfully
germinated a cotton seed on the far side of the Moon. However, the Chang’e 4 experiment

suffered a thermal control failure after only nine days, ending the study prematurely.

In contrast, LEAF is designed for a more robust and longer-term assessment. Crucially,

Artemis I1l astronauts will collect seedling samples and return them to Earth. This allows
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researchers to perform advanced "omics" to identify the exact genomic "scars" left by space

travel.

By identifying the specific genes that allow plants to survive and even thrive on the
Moon, LEAF is not just growing food; it is engineering the biological foundation for human

life on Mars and beyond.
Conclusion

As we look toward the 2030s, the "Galactic Garden™ will evolve from a miniature
payload into a Bioregenerative Life Support System (BLSS). These systems will not only
provide nutrition but will actively purify the air, remove CO?, and recycle water, creating a
closed-loop economy that makes permanent lunar habitation and eventually the journey to

Mars-a biological reality.

The LEAF mission proves that the Earth is no longer a limit, but a starting point. By
understanding how the "soul of the soil" survives in the silence of the Moon, we are ensuring

that wherever humanity travels, we carry the green spark of life with us.
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