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Introduction:  CIS-lunar space provides a unique op-
portunity to perform deep space microgravity crop sci-
ence research while also addressing and advancing 
food production technologies that will be deployed on 
the Deep Space Transport (DST).  Incorporating crew-
grown fresh food on long duration exploration missions 
will be an important complement to the pre-packaged 
food system and provide crews with produce selected 
specifically to address nutritional deficiencies in the 
pre-packaged diet, serving as a risk mitigation to crew 
performance and health. The Gateway Garden will be 
the first space-based plant growth system designed 
primarily for sustained food production activities.  

What is the Gateway Garden: Table 1 provides 
an overview of the hardware. In understanding the con-
cept for the Gateway Garden it will be helpful to con-
sider it from two perspectives.  

What the Garden will be. The Gateway Garden will 
serve as a prototype science and technology platform to 
test plant systems for eventual selection and incorpora-
tion on the DST. Key to its mission will be the evalua-
tion of the deep space performance of plants selected 
on the basis of micronutrient content not adequately 
provided by the pre-packaged diet. It will also be im-
perative to observe plant-associated microbial commu-
nity successional changes. The Garden will also pro-
vide an opportunity to incorporate automation, tele-
operations and plant health monitoring in order to en-
sure successful, reliable and sustainable supplemental 
food production. Crew involvement in the plant growth 
processes will be studied. This will provide insight into 
which tasks associated with raising plants that the crew 
finds enjoyable while also refining the system to mini-
mize crew time on less desirable tasks.  

What the Garden will not be.  The fresh food gen-
erated by the Garden will not be designed or scaled to 
provide a significant contribution to the daily caloric 
intake of the crew. Similarly, the garden will not pro-
vide a significant contribution to the ECLSS system 
(i.e.. CO2 scrubbing, O2 generation, H2O purification.) 

Table 1: Notional Hardware Overview 
Mass:  150 - 200Kg 
Volume: 0.5-1.0m3 
Power: 0.2 - 1.0kW 
Data Volume: Periodic Images and data files 
Crew time:  Minimal setup and operation 
Cost: $4.0-$6.0M 

 

 
Figure 1: astronauts enjoying a harvest of red ro-

maine lettuce on the ISS. 
 
Why a Garden on the Gateway: The Human Re-

search Program (HRP) has determined that the quality 
of many shelf-stable foods becomes unacceptable and 
critical nutrients degrade as a result of long term stor-
age [1]. Incorporating a reliable food production sys-
tem that provides key nutritional supplementation will 
reduce this risk for long duration missions. A garden 
on the DSG will provide researchers with a key tool to 
identify and study the technological, biological, opera-
tional and behavioral challenges associated with the 
implementation of long duration food production sys-
tems in deep space.  

Technology.  While NASA has been successuful in 
growing plants in space for several decades, current 
plant research systems on the ISS (Veggie, APH) are 
not designed for sustained and reliable food produc-
tion. The incorporation of a Garden on the DSG will 
enable continued development in key areas such as 
water and fertilizer delivery in microgravity, lighting 
efficiency and mechanization and control. In addition, 
application of new sensor technologies in the area of 
plant health and microbiome monitoring will enable 
increased harvest index and crop success. Automation 
will liberate crew members from obligatory plant care 
tasks should a higher priority task take precedence over 
food production.  

Innovative hardware concepts will focus on vol-
ume, resource and mass efficiency, allowing for max-
imized productivity in the spacecraft environment. 
Long term seed storage concepts that ensure viability 
in the deep space environment will be developed and 
validated. All concepts and architectures based on ac-
tual performance metrics will be scalable for potential 
future applications.  

Biology. Advances in food production systems also 
require continued development of the biological com-
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ponent. For missions lasting beyond three years, the 
pre-packaged food system can meet caloric needs, but 
specific nutrients (Vitamins B1, C, K and potassium) 
have been demonstrated to degrade and fall below min-
imum required dietary levels [1].  Additional beneficial 
nutrients able to counteract adverse physiological prob-
lems such as macular degeneration can also be readily 
provided by fresh grown produce.  The Human Re-
search Program (HRP) recognizes the benefits of sup-
plementing the pre-packaged food system with fresh 
foods that would enhance the crew diet with nutrients 
identified to be deficient or to degrade over time. 
HRP’s goal is to provide these nutrients from a whole 
food diet rather than from supplements that are less 
well absorbed and used by the body. Initial investiga-
tions have been accomplished on the ground and in 
LEO.  The long-term impacts of the deep space radia-
tion environment on seed viability, plant performance 
and changes to the plant and spacecraft microbiomes 
represent a knowledge gap that can only be accurately 
assessed beyond the Earth’s magnetic field [2].  The 
importance of studying the successional changes of 
microbial communities of plants and the overall space-
craft in a confined deep space environment cannot be 
overstated.  Advanced understanding of deep space 
microboimes will ensure the maintenance of a healthy 
spacecraft microbiome for the crew while also produc-
ing numerous benefits to plant growth and health. 
     Operations. The inclusion of systems automation 
and teleoperation will enable remote systems start up, 
ensuring a supply of fresh produce is available when 
the crew arrives, maximizing the amount of supple-
mental nutrition available for the crew during their 
stay. It is also understood based on experience with the 
Veggie payload that the crew enjoys a certain amount 
of interaction with the plants during the growth cycle. 
This interaction is benefical to the crew. Consideration 
should be given to strategically incorporate automation 
to ensure the most psychologically beneficial aspects of 
plant growth and care are not taken away. 

Behavioral Science. Incorporation of a Garden on 
the DSG would allow for continued study of the poten-
tial psychosocial benefits associated with plant/crew 
interaction. Terrestrial studies have shown that plant-
related activites are associated with positive mood, 
increased recovery from stress and increased relaxation 
in subjects [3].  Plants have been considered as a po-
tential countermeasure for the stresses of living in 
space, and anecdotal evidence from astronauts indi-
cates that crew members enjoy plant experiments [4,5]. 
Tests with the Veggie plant growth hardware on the 
ISS have demonstrated that astronauts enjoy growing 
and eating crops, often voluntarily committing their 
time to Veggie experiments (figure 1).  Harvests of 

fresh produce in space can be festive occasions which 
lead to new combinations of foods which may help 
prevent dietary fatigue. 

Conclusion: As astronauts continue to venture fur-
ther away from earth for longer durations of time,  the 
food system will still need to meet both their caloric 
and nutritional needs to maintain optimal health. The 
inclusion of a Garden on the DSG will provide an im-
portant capability towards the development of an oper-
ational  food production system that can reliably meet 
the nutritional supplementation needs of future crews 
operating in the unique environment of deep space.     
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