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Science and Exploration Rationale: 
As complex eukaryotic organisms, plants share ba-

sic metabolic and genetic processes with humans, yet 
their sessile nature requires that plants deal with their 
environment by adaptation in situ. Thus plants have 
evolved to deal with environmental change and stress 
by responding with changes in metabolism in order to 
meet the challenge, making them ideal reporters of the 
biological impact of their surroundings. Plants are 
therefore ideally suited for biological experimentation 
during near-term missions to the moon and other extra-
terrestrial environs [1]. Further, plants can make the 
journey within the stasis of the seed, under complete 
vacuum and extremely low temperatures. Given cur-
rent and continued emphases in eukaryotic genomics, 
developmental and molecular biology, truly insightful 
experiments that address fundamental molecular ques-
tions about biological adaptation and responses to ex-
treme extraterrestrial environments can be answered 
using plants. 

A plant growth experiment is scalable over a wide 
range of variables that should be examined for biologi-
cal impact. Such variables include atmospheric com-
position and pressure, transit and in situ radiation, 
gravity, and exposure to local resources. A plant 
growth payload is also scalable over a wide range of 
engineering and mission profile constraints. In a serri-
ously constrained scenario, a few watts of power and a 
few cubic centimeters would allow examination of 
growth, development over several critical stages and 
gene expression in 10-20 plants - all within the course 
of a single lunar day. In a less constrained scenario, 
plants could be exposed to lunar regolith and a variety 
of mitigation technologies to enhance survivability and 
examine suites of in situ biological responses. 

   
The plants to populate a Lunar or Mars lander ex-

periment would be genetically engineered to be bio-
logical sensors (biosensors) of their environment. 
Plants engineered with Green Fluorescent Protein 
(GFP) reporter genes can be designed to respond to a 

variety of stimuli, they can be monitored telemetri-
cally, and biological data can be collected in the form 
of digital images. Switching between normal lighting 
and that which facilitates the observation of GFP ex-
pression, will enable observation of both the general 
condition of the plants as well as monitoring of the 
development of fluorescent signals that cue a response 
to a specific feature of the environment [2-4]. 

In practice the plant growth payload would have a 
series of modules in which plants would be exposed to 
various aspects of the planetary environment as appro-
priate, with the size and number of modules being de-
termined by the engineering trade space and mission 
profile [5]. Gravity would be an inherent component of 
the lander environment, as would be the incident radia-
tion that penetrated the lander hull. Regolith collected 
by a robotic arm and returned to the growth space is a 
potential experimental variable that offers tremendous 
potential returns. Although there has been some ex-
perimentation with the effects of minute amounts of 
lunar regolith on plant growth in a neutral matrix [6], 
never has there been a test of its efficacy as a growth 
substrate and certainly not within the suite of condi-
tions that exist in the in situ lunar environment.  

A plant biology payload is both a fundamental test 
of biological survival outside the terrestrial environ-
ment as well as a technical and programmatic step in 
the development of advanced plant-based life support 
systems to support human exploration. Potential bio-
toxicity issues will be addressed directly. If plants can 
be grown safely in Lunar or Mars regolith, then the use 
of regolith within human rated habitats (whether as 
“soil” or simply as building material) becomes much 
more tenable and plants can then be used for the cap-
ture of in situ resources and the movement of those 
resources into the habitation environment [7].  
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