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The exploration and utilization of the 
space frontier is one of the most 
challenging of human adventures. The 
engineering sophistication of the manned 
space programs of the United States and 
the Soviet Union has now made it 
possibte for  humans to plan Tor a 
permanent presence in space. The United 
States is f nnly committed to a manned 
space program. President Reagan in his 
State of the Union message in 1984 stated 
that the United States wilI proceed with 
the development of a permanent space 
station to begin initial operation in 1994. 
The National Commission on Space. 
charged by the president and Congress to 
propose civilian space goals for 2lst- 
century America, recently completed a 
report titled Pioneering the Space 
Frontier, which is a critical evaluation of 
our next 50 years in space (16). The 
report outlines a program that will result 
in a network of spaceports between 
Earth. the moon, and Mars, with 
permanent bases on the moon and Mars. 
The commission foresees vast expansion 
in space travel and commercial develop- 
ment in the 2 1 st century. The National 
Aeronautics and Space Administration 
(NASA), Congress. and the president 
have reiterated their commitment to 
construction of a space station (Fig. I )  
and a vigorous space program following 
the loss of the space shuttle Challenger in 
1986. Possibly within a decade the first 
permanent presence of Americans in 
space will begin. 

Published with approval of the director oilhe North 
Dakota Agricultural Expcrimcnt Station nsJournal 
Article 1338. 

a 1987 The American Phytopathologlcal Soclety 

Controlled Eeologlcal Llie 
Support Systems (CELSS) 

Life support systems are necessary for 
humans to live in  the inhospitable 
environment of space. NASA has 
determined that for permanent manned 
space stations and long-duration space 
flights, regenerating systems are necessary 
to reduce the high cost of continuous 
resupply from Earth associated with 
nanregenerating systems (14). The 
regenerating systems being promoted by 
NASA are termed "controlled ecological 
life support systems," commonly referred 
to as CELSS. The National Commission 
on Space has identified CELSS as a 
critical technotom needed for the United 
States space program, CELSS uses living 
organisms t o  revitalize life support 
materials (i.e., production of oxygen and 
removaI of carbon dioxide from the air) 
and produce the basic foods essential for 
human life. The prime candidates for the 
photoautotrophic components of CELSS 
areedibte higher plants. CELSS resembles 
a terrestrial ecosystem. but because it is a 
life support system isolated from Earth 
and cannot rely on the same kinds of 
reservoirs and buffering mechanisms as 
in Earth ecosystems. the environment 
must be controlled through physical, 
cbemicaI. and mechanical means, NASA 
is developing a ground-based experi- 
mental CELSS at the John F. Kennedy 
Space Center in Florida. The Soviet 
Union has an operational ground-based 
CELSS in which people have lived for 
several months. 

A primary concern in the design and 
operation of a CELSS based on the use of 
higher plants is  maintaining plant health 
and maximizing plant growth rates. 
Without continuous growth of healthy 

plants, perturbations would occur in the 
life support system. Maintaining stability 
is an important concept in CELSS 
design, and unplanned perturbations 
adversely affect stability and thus the 
operation of the enlire system. Although 
many aspects of plant growth are being 
studied by scientists working in CELSS 
research, a subject that has received 
minor consideration is plant disease. 
Indeed, the literature on CELSS before 
I985 contains only one NASA contractor 
report (15) and one APS  meeting 
abstract (17) identifyingplant disease as a 
potential problem. 

Plant Disease In CELSS? 
The production of higher plants for 

food and other uses on Earth requires a 
constant and coordinated effort t o  
control diseases, especially in intensive 
agricultural systems. When plant diseases 
ate not controtted, their effects can be 
dramatic and costly. Could diseases of 
higher plants occur and be of similar 
importance in CELSS? I believe the 
answer is yes and that plant disease 
control should bean important considera- 
tion in the design and operation of 
CELSS. Noninfectious and infectious 
diseases could cause major perturbations 
in CELSS, such as destroying plants, 
reducing the efficiency of plant growth, 
affecting the storage of plant products, 
and contaminating the plant growth 
systems. In a closed life support system, 
these are all highly undesirable and 
probably unacceptable if severe. Most 
noninfectious diseases may be controlled 
through properly designed plant growth 
systems, cultivation methods. and 
environmental controls. Infectious 
diseases. however, could be more 
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