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The problem o f  t h e  e f f e c t  o f  n e u t r a l  g a s  on growth o f  p l a n t s  

was t h e  m o t i v a t i o n  o f  a n c i e n t  e x p e r i m e n t s  o f  S c h l o e s i n g  (1897)' who 

o b s e r v e d  t h a t  n i t r o g e n  and a rgon  were n o t  consumed by p l a n t s  and who 

concluded t h a t  t h e y  were p robab ly  u s e l e s s .  S i n c e  t o  d a t e  we have known 

t h a t  n i t r o g e n  can  be used by legume p l a n t s ,  bu t  10 p e r c e n t  o f  n i t r o g e n  

i s  s u f f i c i e n t  t o  supp ly  t h i s  p r o c e s s .  The q u e s t i o n  remains  t o  know 

y h a t  happens  i f ,  f o r  t h e  same p a r t i a l  p r e s s u r e  o f  0  t h e  n i t r o g e n  
2  ' 

i s  s u p p r e s s e d  and s o ,  t h e  t o t a l  p r e s s u r e  f a l l s  d r a s t i c a l l y  ? I n  o t h e r  

words,  knowing t h a t  o n l y  5 % O2 ( 5 0  mb) i s  s u f f i c i e n t  t o  m a i n t a i n  

p l a n t  r e s p i r a t i o n  and t h a t  t h e  p r e s s u r e  o f  C02 and wa te r  vapour  r e p r e -  

s e n t  around 25 mb i n  t h e  normal a tmosphere ,  i s  i t  p o s s i b l e  t o  c o n c e i v e  

o f  growing p l a n t s  w i t h  o n l y  an  a b s o l u t e  p r e s s u r e  o f  75 mb i . e .  a q u a s i -  

vacuum ? The p r e d i c t e d  answer ,  f o l l o w i n g  t h e  t h e o r y  o f  molecu la r  d i f f u -  

s i o n  o f  g a s  is p o s i t i v e  b u t  t h e  p h y s i o l o g i c a l  v e r i f i c a t i o n  is n e c e s s a r y .  

A f i r s t  p o s i t i v e  a s s a y  o f  growth w i t h o u t  n i t r o g e n  i n  low pres -  

s u r e  was made i n  t h e  l a b o r a t o r y  and mentioned i n  a space  b i o l o g y  
2  

mee t ing  (Gu6rin  de  Montgareui l  e t  a .  ) , because  t h i s  t h e o r e t i c a l  

q u e s t i o n  cou ld  a l s o  concern  s p a c e  t echno logy .  The p l a n t  c u l t i v a t i o n  

i n  space e n v i r ~ n m e n t  is  n o t  s o  f a r  away a s  w e  imagined,  t a k i n g  

i n t o  accoun t  t h e  a c t i v e  r e s e a r c h  o f  CELSS p r o j e c t  ( C o n t r o l l e d  Eco log i -  

cal l i f e  Suppor t  System) i n  which growth o f  p l a n t s  and a l g a e  is plan-  

ned f o r  food s u p p l y  o f  l o n g  d i s t a n c e  manned space  miss ion  (Moore e t  

a 1  For  t h e o r e t i c a l  and p r a c t i c a l  r e a s o n s  i t  seems u s e f u l  t o  ana- 

l y s e  e x p e r i m e n t s  i n  which low p r e s s u r e s  were imposed t o  p l a n t l e t s  

by s u p p r e s s i o n  of n i t r o g e n  and p a r t l y  o f  oxygen.  

M a t e r i a l s  and methods 

Two exper iments  were conducted i n  r y e - g r a s s  and one i n  b a r l e y .  

They c o n s i s t e d  t o  sow samples  of s e e d s  (1 g f o r  r y e g r a s s ,  10 g r a i n s  
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f o r  b a r l e y )  i n  vacuum r e s i s t a n t  c o n t a i n e r s  i n  which was p r e p a r e d  d i f f e -  

r e n t  a tmospheres .  

C o n t a i n e r s ,  Four  g l a s s  c o n t a i n e r s  were used i n  each  series of 

e x p e r i m e n t s ,  0.7 l i t e r  o f  volume f o r  t h e  s e r i e s  I, 3 l i t e r s  f o r  t h e  

s e r i e s  I1 ( F i g .  1 ) .  I n  bo th  c a s e s  t h e y  had l e a k  proof  ground j o i n t s  

and s t o p c o c k  s y s t e m s  t o  r e a l i z e  t h e  l i n k  w i t h  a  vacuum bench f o r  t h e  

i n i t i a l  p r e p a r a t i o n  o f  a tmospheres  and t o  pe rmi t  t h e  sampl ing  o f  g a s  

d u r i n g  t h e  e x p e r i m e n t .  

VACUUM 9 fj M.S. 

F i g u r e  1 -  Vacuum r e s i s t e n t  g l a s s  c o n t a i n e r  f o r  low p r e s s u r e  c u l t i v a t i o n  

o f  s e e d l i n g  ( 0 . 7 l i t e r s  o f  volume).  On t h e  t o p ,  t h e  sampl ing  a p p a r a t u s  

which may be f i t t e d  on mass s p e c t r o m e t e r  i n l e t .  

C 

Growing c o n d i t i o n s .  Each c o n t a i n e r  r e c e i v e d  250 g o f  a c i d  washed 

q u a r t z  sand  ; 30 m l  of  n u t r i e n t  s o l u t i o n  was added and t h e  s e e d s  

sown b e f o r e  c o n n e c t i o n  w i t h  t h e  vacuum bench. The growth was 

performed i n  day l i g h t  d u r i n g  F e b r u a r y  ( s e r i e s  I )  and % r c h  ( s e r i e s  

11) a t  t e m p e r a t u r e s  between 18 and 22OC. The growth was l i m i t e d  

t o  t h e  j u v e n i l e  s t a g e  because  no CO was added and t h e  p h o t o s y n t h e s i s  2 
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o n l y  used t h e  C 0 2  produced by t h e  r e s p i r a t i o n ,  mainly by g r a i n ,  a t  

t h e  h e t e r o t r o p h i c  s t a g e .  

The p r e p a r a t i o n  of a tmospheres  w i t h  t h e  vacuum bench was r e a -  

l i z e d  i n  t h r e e  s t e p s .  1) Vacuum a c t i v e l y  main ta ined  d u r i n g  2min around 

20 mm o f  Hg t o  remove- i n i t i a l  a tmosphere  and t o  purge d i s s o l v e d  g a s  

i n  n u t r i e n t  s o l u t i o n .  2 )  C losure  and o b s e r v a t i o n  d u r i n g  5min t o  check 

any i n c r e a s e  of p r e s u r e  above water vapour p r e s s u r e  (19 mm Hg a t  tempe- 

r a t u r e  o f  20°C) .  3 )  Adding of d i f f e r e n t  amounts o f  oxygen. The p r e s s u r e  

was measured w i t h  a  mercury manometer. Expressed i n  m b a r  f o r  c l a r i t y ,  

t h e y  were 48 and 205 mb f o r  t h e  oxygen t o  cor respond  t o  t h e  p a r t i a l  

p r e s s u r e s  o f  t h e  c o n c e n t r a t i o n s  o f  4 .6  and 20 $ r e s p e c t i v e l y  i n  normal 

a t m o s p h e r i c  p r e s s u r e  (1030 mb). I n  two c o n t a i n e r s ,  n i t r o g e n  was added 

u n t i l  normal a t m o s p h e r i c  p r e s s u r e .  Two o t h e r  c o n t a i n e r s  were k e p t  

w i t h  o n l y  w a t e r  vapor  p r e s s u r e  and t h e  two i n i t i a l  p r e s s u r e s  o f  oxygen. 

Sampling was made t o  check t h e  p r e p a r a t i o n  and t o  f o l l o w  t h e  compo- 

s i t i o n  o f  a tmosphere  d u r i n g  t h e  growth.  

Sampling a n  a n a l y s i s  of  g a s .  The sampl ing  o f  0.2 m l  o f  g a s  was 

made by t h e  pre-vacuum of  t h e  volume l i m i t e d  by t h e  s t o p c o c k s .  For  

a n a l y s i s ,  t h e  sampl ing t u b e  was f i t t e d  on t h e  i n l e t  o f  t h e  mass spec -  

t r o m e t e r  (MAT.CH4). S t a n d a r d  g a s  and a c c u r a t e  p r e s s u r e  gauge was used 

t o  c o r r e c t  t h e  s e n s i t i v i t y  o f  t h e  a p p a r a t u s  f o r  t h e  d i f f e r e n t  t y p e s  

o f  g a s .  

R e s u l t s  and d i s c u s s i o n  

V i s u a l  ~ S s e r v a t i c n s .  The main r e s u l t  is  t h a t  t h e  g i - o ~ t h  o f  p l a n t s  

i s  p o s s i b l e  under a b s o l u t e  p r e s s u r e  14 t i m e s  lower  t h a n  t h e  a tmospher ic  

p r e s s u r e  ( F i g .  2 d ) .  I n  f i r s t  a p p r o x i m a t i o n ,  p l a n t s  i g n o r e  t h e  absence  

o f  n i t r o g e n  and o n l y  r e a c t  t o  t h e  p a r t i a l  p r e s s u r e  o f  0  Hence t h e  2  ' 
growth o f  p l a n t l e t s  was de layed  under  low p r e s s u r e s  o f  0  i n  bo th  

2  
c a s e s  w i t h  and w i t h o u t  n i t r o g e n .  The C02 a v a i l a b i l i t y  b e i n g  l i m i t e d  

by t h e  ca rbon  c o n t e n t  o f  t h e  s e e d ,  t h e  f i n a l  r e s u l t s  a f t e r  20 days  . ,, 
were v e r y  s i m i l a r .  The d i f f e r e n c e s  i n  t h e  k i n e t i c  o f  growth c a n  be 

b e t t e r  obse rved  i n  F ig .  3  and e s t i m a t e d  i n  t h e  examinat ion o f  g a s  

a n a l y s e s .  
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Figure 2 .  Final result  of growing of ryegrass  seedling under t he  different 

noted pressure conditions. View of t h e  three l i t e r  containers 20 days a f ter  

sowing. 
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F i g u r e  3. View o f  t h e  exper iment  of F i g .  - 13 d a y s  a f t e r  sowing. 

The d e p r e s s i n g  e f f e c t  o f  low O2 p r e s s u r e  a p p e a r s ( r i g h t 1  and a l s o  t h e  

d e p r e s s i v e  e f f e c t  o f  n i t r o g e n  e s p e c i a l l y  i n  low oxygen c a s e  ( r i g h t  

on t h e  t o p ) .  



I n  t h e  e x p e r i m e n t s  w i t h  b a r l e y ,  o n l y  t h e  c a s e s  w i t h  normal O2 

p a r t i a l  p r e s s u r e ,  w i t h  and w i t h o u t  n i t r o g e n  were t e s t e d .  S e e d l i n g  

was b e a u t i f u l ,  no s i g n i f i c a n t  d i f f e r e n c e s -  were obse rved  between both  

e x p e r i m e n t s .  

Analyses  o f  t h e  a tmospheres .  P e r i o d i c  g a s  a n a l y s e s  have permit -  

t e d  checking t h e  a i r t i g h t n e s s  o f  t h e  c o n t a i n e r s .  I n  t h e  c a s e  o f  loss 

o f  n i t r o g e n  a  l e a k  would have been d e t e c t e d  by t h e  appearance  o f  n i t r o -  

gen  peak which remained n e g l e c t i b l e .  F ig .  4 & 5 show t h e  complemen- 

t a r y  v a r i a t i o n  o f  0  and C02 p a r t i a l  p r e s s u r e s  which was a m p l i f i e d  2  
i n  t h e  exper iment  o f  F ig .  5 by t h e  e f f e c t  o f  t h e  s m a l l  used volume. 

Two p h a s e s  c a n  b e ' o b s e r v e d .  I n  t h e  f i r s t  phase  ( 0  t o  8-11 d a y s )  t h e  

r e s p i r a t i o n  is t h e  main a c t i v i t y  and c o n s e q u e n t l y  t h e r e  is t h e  O2 

d e c r e a s i n g  and t h e  C02 enr ichment .  I n  t h e  second phase ,  i t  i s  t h e  

o t h e r  way round and t h e  p h o t o s y n t h e s i s  r e - u s e s  C02 f a s t e r  t h a n  i t  

i s  evo lved  i n  a more and more a u t o t r o p h i c  way. 

The a m p l i t u d e  o f  t h e  maximal v a r i a t i o n s  was r e l a t e d  t o  t h e  v i g o u r  

of  t h e  p l a n t l e t s  n o t i c e d  by v i s u a l  o b s e r v a t i o n s  i n  t h e  i n t e r m e d i a r y  

phase .  The c o n c l u s i o n s  were as f o l l o w s  : 

Slowing down o f  t h e  growth by low O2 p r e s s u r e .  C o n t r a r i l y  t o  
4 

t h e  r e s u l t s  o f  BjBrkman e t  a l .  o r  ~ u e b e d e a u x b ~ a r d y ~  who obse rved  

a growth s t i m u l a t i o n  on low oxygen c o n d i t i o n s ,  w e  obse rved  t h e  growth 

was d e l a y e d  i n  t h e  c a s e  o f  low oxygen p r e s s u r e .  The C02 and oxygen 

v a r i a t i o n  were h a l v e d  ( F i g .  4b,  5 )  and r e t a r d e d  f o r  one t o  t h r e e  days  

i n  compar ison w i t h  normal oxygen p r e s s u r e .  T h i s  s lowing  down c a n  be 

a t t r i b u t e d  t o  a  l i m i t a t i o n  o f  r e s p i r a t i o n  r a t e ,  e s p e c i a l l y  on t h e  

g r a i n s .  Whereas t h e  r e s p i r a t i o n  o f  t h e  o rgans  such  as l e a v e s  o r  r o o t s  

was g e n e r a l l y  n o t  modi f i ed  by a O2 d e c r e a s e  v a r y i n g  from 20 1 t o  5 1, 
t h e  r a t h e r  s t r o n g  r e s p i r a t i o n  i n  p a r t i c u l a r  phases  and i n  n o t  much 

a c c e s s i b l e  s i t e s  c o u l d  be l i m i t e d  by 0  d i f f u s i o n  p r o c e s s e s .  I t  was 
2 

shown by Q u e b e d e a u x % ~ a r d y ~  as r e g a r d i n g  t h e  phase  o f  t h e  f e r t i l i z a t i o n  

o f  t h e  f l o w e r s  i n  soybean.  

E f f e c t  o f  t h e  p r e s e n c e  ( o f  t h e  l a c k )  o f  n i t r o g e n .  I f  we r e f e r  

t o  t h e  v i s u a l  o b s e r v a t i o n s ,  as w e l l  as t o  t h e  r e s u l t s  o f  g a s  a n a l y s e s ,  

t h e  p r e s e n c e  o f  n i t r o g e n  s i g n i f i c a n t l y  s lows down t h e  growth o f  plan- 

t l e t s  ( F i g .  3 ) .  
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F i g u r e  4 .  Time e v o l u t i o n  o f  t h e  0 and CO p r e s s u r e  i n  t h e  3 l i tkr 
2 

c o n t a i n e r s .  A )  With 205 mbar o f  0 i n i t i a g  p r e s s u r e  wi th  ( - - 0 - - )  and 
w i t h o u t  ( - 0 - )  n i t r o g e n .  8 )  With 4 3  mbar o f  0 i n i t i a l  p r e s s u r e  w i t h  
(+) and wi thou t  - 0  n i t r o g e n .  (- - -) $ h e o r e t i c a l  p o t e n t i a l  
o f  r e s p i r a t i o n  ( s e e  t e x t ) .  

F i g u r e  5. Time e v o l u t i o n  o f  t h e  0 and CO p r e s s u r e  i n  0 .7  l i t e r  con- 
2 t a i n e r s .  Same legend a s  F i g .  4 ,  f o r  205 maar of o i n i t i a l  p r e s s u r e  

2 w i t h  (-@--I and wi thou t  (4 n i t r o g e n  and f o r  48 mbar o f  O2 i n i t i a l  
p r e s s u r e  wi thou t  n i t r o g e n  C--a--4. 



That  is n o t i c e a b l e  a t  a h igh  O2 p r e s s u r e ,  i n  which t h e  CO maximum 
2 

i s  a lways  s m a l l e r  under n i t r o g e n  .p resence .  The s lowing  down e f f e c t  

o f  t h e  n i t r o g e n  p r e s e n c e  is more s e n s i t i v e  i n  t h e  c a s e  of low 0 p r e s -  2  
s u r e  and s t a y s  v i s i b l e  i n  t h e  f i n a l  r e s u l t  ( F i g .  2 ) .  T h i s  e f f e c t  is 

s u r p r i s i n g .  I t  seems t o  a c t  upon t h e  number of l e a v e s  and o f  t i l le rs  
., 

and c a n n o t  be e x p l a i n e d .  However, i t  r e n f o r c e s  t h e  p r e v i o u s  i d e a  o f  

t h i s  exper iment  o f  t h e  " u s e l e s s n e s s "  o f  n e u t r a l  g a s .  

D i s e q u i l i b r i u m  o f  t h e  02%* b a l a n c e .  The p r e s e n t  c l o s e d  e x p e r i -  

m e n t  is a k ind  o f  a n  env i ronmenta l  mic rocyc le  i n  which is performed 
- 
t h e  t r a n s f o r m a t i o n  o f  a sys tem ( s e e d )  i n t o  a n o t h e r  one ( p l a n t l e t )  

w i t h  c o n s e r v a t i o n  o f  t h e  matter, e s p e c i a l l y  carbon and oxygen. A t  
, - , I  

t h e  end o f  t h e  e x p e r i m e n t ,  a l l  t h e  components which were a t  t h e  begin-  
. . 
n i n g  have t o  be found.  The a n a l y s i s  o f  t h e  a tmosphere  shows a  s i g n i f i -  

c a n t  O2 e n r i c h m e n t  which i m p l i e s  t h a t  a t  t h e  f i n a l  s t e p  t h e  chemica l  

c o m p o s i t i o n  o f  t h e  m a t t e r  is  d i f f e r e n t ,  a s  w e l l  a s  its r e d o x  
I - 

s t a t u s .  The p l a n t l e t s  were i n  a  more reduced s t a t e  t h a n  s e e d s .  T h i s  ., 
s t a t u s  i m p l i c a t e s  a n  e n e r g e t i c  g a i n  brought  by l i g h t  f o r ,  on t h e  con- 

t r a r y ,  t h e  f i n a l  s t a t e  o f  a  b i o l o g i c a l  p r o c e s s  t a k i n g  p l a c e  w i t h o u t  

e n e r g e t i c  s u p p l i e s  would be n e c e s s a r i l y  more o x i d i z e d ,  i - e .  w i t h  l e s s  

f r e e  oxygen.  

Given i n  t e r m s  o f  c o n c e n t r a t i o n ,  t h e  e x c e s s  o f  oxygen seems impor- 

t a n t ,  e s p e c i a l l y  i n  F ig .  5 ; g i v e n  i n  volume it  is t h e  same : 70 m l  

' f o r  t h i s  exper iment  and between 60 t o  90 m l  f o r  t h e  exper iment  o f  

F i g .  4 .  These v a l u e s  have t o  be compared n o t  t o  t h e  oxygen c o n t e n t  

o f  t h e  a tmosphere  b u t  t o  t h e  t u r n  o v e r  of  t h e  c y c l e  o f  t r a n s f o r m a t i o n  

ment ioned above.  For  t h a t ,  t h e  h y p o t h e s i s  is  g i v e n  t h a t  t h e  m a t t e r  a 

' o f  t h e  s e e d s  h a s  been t o t a l l y  t r ans fo rmed  and t h a t  i t s  s t r u c t u r e  is  - 
' i n  m a j o r i t y  - t h e  c a r b o h y d r a t e  one .  I n  t h a t  c a s e  1 g  o f  s e e d  cor respond  

' to  0 .033  mole o f  CH20. Thus we c a n  n o t i c e  t h a t  t h e  e x c e s s  o f  oxygen 

' (3 .1  m moles )  r e p r e s e n t s  a b o u t '  10 % o f  t h e  t u r n o v e r  o f  t h e  t o t a l  orga-  

n i c  m a t t e r .  L e t  u s  n o t i c e  t o o  t h a t  i f  t h e  C02 v a r i a t i o n  is due t o  

a r e s p i r a t o r y  a c t i v i t y ,  i t  is far from r e p r e s e n t i n g  t h e  t o t a l i t y  o f  

t h e  r e s p i r a t o r y  p o t e n t i a l  of t h e  s e e d s .  If a l l  t h e  d r y  m a t t e r  o f  t h e  

s e e d s  was consumed by r e s p i r a t i o n ,  t h e  h y p o t h e t i c a l  c u r v e  p l o t t e d  

o n  F i g .  4a c o u l d  be o b t a i n e d .  It is n o t  excluded t h a t  a  l a r g e  p a r t  

o f  t h i s  m a t t e r  was t h u s  degraded ,  b u t  i n  t h a t  c a s e  CO was immediat ly  2 



t r a p p e d  by p h o t o s y n t h e s i s  and t h e  obse rved  c u r v e  r e s u l t s  from t h e  

e q u i l i b r i u m  between t h e  two p r o c e s s e s .  

P o s s i b l e  consequences  f o r  c u l t u r e  i n  s p a c e  environment .  

S a f e t y  t h i s  exper iment  demons t ra te  t h a t  p l a n t s  a r e ,  i n  f i r s t  appro-  

x i m a t i o n ,  i n s e n s i t i v e  t o  d e - p r e s s u r i z a t i o n .  Only t h e  l o s s  o f  w a t e r ,  

i n  c a s e  o f  a c t i v e  vacuum, would be c r u c i a l .  

S p a c e  t echno logx .  A s  f a r  a s  t h i s  s i m p l e  exper iment  c a n  be gene- 
: ,  - 

I 

r a l i s e d ,  two t y p e s  o f  consequences  c a n  be s u g g e s t e d .  If t h e  c u l t i v a t i o n  

o f  h i g h e r  p l a n t s  must e f f e c t i v e l y  s u p p l y  a n o t i c e a b l e  p a r t  o f  food 

o f  f u t u r e  s p a c e  s t a t i o n s  a c o n s i d e r a b l e  volume w i l l  be devo ted  t o  

i t .  Take accoun t  o f  t h e  environment  o f  t h e  s p a c e  vacuum,the p o s s i b i -  

l i t y  o f  c u l t u r e  under low p r e s s u r e  p r o p o r t i o n a l l y  r e d u c e s  t h e  l o s s e s  
., 

o f  gas due t o  unavo idab le  l e a k s .  But above a l l ,  t h i s  p r o c e e d u r e  reduces  

t h e  q u a n t i t y  o f  m a t e r i a l  r e q u i r e d  t o  f a c e  vacuum c o n s t r a i n t s .  For  

t h e  same weigh t  ( c o s t  o f  l a u n c h i n g )  t h e  g a i n  o f  volume can be ( a t  

l eas t )  p r o p o r t i o n a l  t o  t h e  r e d u c t i o n  f a c t o r  o f  t h e  p r e s s u r e .  I f  a  

f a c t o r  o f  t e n  can  be e x p e c t e d ,  t h i s  p r o c e s s  w i l l  be c e r t a i n l y  d i sc 'ussed  

i n  t h e  f u t u r e  i n  s p i t e '  o f  t h k  g r e a t  d i s a v a n t a g e  o f  s p a c e  c l o t h e s  f o r  

s p a c e  g a r d n e r s .  

Advantage i n  O2 r e c y c l i n g  f o r  e c o l o g i c a l  system. The e l i m i n a -  

t i o n  o f  a l l  o r  p a r t  of ,  n i t r o g e n  i n  a  c u l t i v a t i o n  system (as w e l l  f o r  

h i g h e r  p l a n t s  and a l g a e  ) d r a s t i c a l y  s i m p l i f i e s t h e  management o f  

i ts  a t m o s p h e r i c  phases  and t h e  c o n t r o l  o f  t h e  oxygen l o o p s  between 

cilit;ures and manned rooms. C u l t u r e s  a r e  s u p p l i e d  by C02 t r a p p e d  i n  

maned a r e a .  O2 p r o d u c t i o n  i n c r e a s e s  t h e  p r e s s u r e  i n  c u l t u r e  sys tems  

and t h e  i ts  e x t r a c t i o n  is made by t h e  pump which m a i n t a i n  t h e  depres -  

s u r i z a t i o n .  D i l u t i o n  p r o c e s s  a r e  s u p p r e s s e d .  Pure  o r  v e r y  e n r i c h e d  

oxygen i s  produced w i t h o u t  n i t r o g e n  s e p a r a t i o n .  I ' t c a n  be s t o r e d  f o r  

t h e  r e s e r v e s  r e q u i r e d  by t h e  c o n t r o l  o f  0  c y c l e  o r  t o  s u p p l y  t h e  2  
m i s s i o n s  o u t  o f  t h e  s p a c e  s t a t i o n .  . 
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