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Introduction:  The concept of a biological payload 

for a lunar lander supports the conviction that we will 
need to effectively utilize local resources for support. 
Understanding challenges prior to mounting a long 
term mission will enhance the readiness level of re-
turning humans for extended work on the moon. 

Plants posses a set of characteristics that make 
them ideally suited to extraterrestrial biological payl-
oads. As seeds, plants can lie dormant for years, and 
then be developmentally activated in favorable envi-
ronment. There is also little difference in basic meta-
bolic and genetic processes of both plants and humans, 
yet plants have evolved to adapt to their environment 
in situ, which has fostered a complex and dynamic 
mechanism to deal with environmental change unpa-
ralleled in higher eukaryotes. Plants can be easily bio-
engineered, and the mechanisms by which plants 
mount a response to a novel environment can be moni-
tored telemetrically through the use of plants equipped 
with Fluorescent gene reporters.   

The use of engineered Ara-
bidopsis plants as biosensors 
has been widely used to assay 
the nature of stress responses. 
The incorporation of Green Flu-
orescence Protein (GFP) as a 
biosensor molecule makes it possible to evaluate pat-
terns of gene expression telemetrically as processed 
fluorescence images (Fig. 1). The combination of bio-
logical engineering, high fidelity visual data collection 
and telemetry has created a means by which biologi-
cally relevant information can be obtained in a planeta-
ry lander in situ.  

Tools and Analog Environments: A lander expe-
riment of this nature is comprised of three components 
– biology, telemetric data collection and in situ re-
sources.  We have addressed the first two components 
with analog site studies by deploying the TAGES GFP 
imaging system within the Arthur Clarke Mars Green-
house (ACMG) an autonomously operated greenhouse 
located within the Haughton Mars Project in the Cana-
dian High Arctic [1]. Results demonstrate the applica-
bility of the fundamental GFP biosensor technology 
for telemetric data collection from challenging dep-
loyment environments [2]. Thus, the basic efficacy of 
using plant biosensors in a capacity similar to deploy-
ment on a Lunar Lander has been demonstrated.   

Evaluating local resources – regolith: It is not 
known how plants would fare in pure lunar regolith. 

Although plants have been exposed to lunar materials, 
it has always been in trace amounts due to its scarcity. 
[reviewed in [3]. A lander experiment capable of sam-
pling surface material and depositing it into an internal 
growth chamber can evaluate the biological impact of 
regolith in lunar gravity and radiation environment.  

As a first step, there are terrestrial analogs that can 
be evaluated to guide lander development. Additional 
to prepared simulants (e.g. JSC1a) are natural terrestri-
al analogs. The impact crater on Devon Island in the 
High Canadian Arctic contains geological features 
analogous to some lunar and martian impact sites [4].   

Arabidopsis plants were grown in JSC1a Lunar si-
mulant as well as in a variety of substrates from in and 
around Haughton Crater on Devon Island. All sub-
strates were evaluated for their ability to support plant 
growth with and without mitigation.  Figure 2 shows a 
small selection of the experiments conducted in native 
breccias and JSC1a with Arabidopsis. The results are 

preliminary, but show clearly that the native breccias 
and soils of Devon Island are complex and require a 
variety of mitigation steps to render them able to sup-
port plant growth.  It is likely that the same would be 
true of native materials collected from any planetary 
surface. Telemetric data collection in the form of im-
ages can reveal the impact such substrates have on 
growth and habit, and well as reveal metabolic data in 
the form of GFP fluorescence of the biosensor gene. 
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