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Severa l  a u t h o r s  (1 ,  2 ,  3 ,  4) r e p o r t  t h a t  l u n a r  m a t e r i a l  added t o  a hydro- 
ponic c u l t u r e  i n c r e a s e s  p l a n t  growth, y e t  no unusual element o r  microbe h a s  
been discovered t o  which t h i s  response can be  a s c r i b e d .  The minerals  i d e n t i -  
f i e d  i n  lunar  rocks  and s o i l s  a r e  t o  a l a r g e  e x t e n t  those  found i n  abundance 
on e a r t h .  

Walkinshaw and Johnson (2) r e p o r t e d  t h e  e lemental  composition of 
v e g e t a b l e  s e e d l i n g s  ( b r o c c o l i ,  b r u s s e l  s p r o u t s ,  cabbage, c a r r o t ,  l e t t u c e ,  and 
r a d i s h )  grown on a hydroponic s o l u t i o n  (Hoagland) t o  which Apollo 14 Lunar 
f i n e s ,  t e r r e s t r i a l  f i n e s ,  o r  no s o l i d  phase were added. Di f fe rences  were 
found i n  t h e  A l ,  Fe, and T i  con ten t  of t h e  t i s s u e s  between t h e  pure  hydroponic 
and s o i l  t r e a t e d  c u l t u r e s .  Other elements such a s  K,  Ca, Na, Mg, B y  Cu, Zn, 
N i ,  and Co were n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  c o n t r o l .  

Weete and Walkinshaw (4) r e p o r t e d  increased pigmentation (21-35%) of 
tobacco t i s s u e  c u l t u r e s  grown on White's medium when lunar  (Apollo 12) o r  
t e r r e s t r i a l  m a t e r i a l  was added. Silverman -- e t  a l .  (1) demonstrated t h a t  
pigment format ion i n  S e r r a  t i a  marcesens and-~seudomonas  aeruginosa  was 
increased by t h e  a d d i t i o n  of l u n a r  m a t e r i a l  t o  v a r i o u s  agar  media, bu t  t h e  
e f f e c t  of t e r r e s t r i a l  m a t e r i a l  was n o t  determined. The a d d i t i o n  of mono-salt 
s o l u t i o n s  of e i t h e r  Fe( I1 )  o r  F e ( I I 1 )  gave s i m i l a r  e f f e c t s .  

The importance of Fe, Zn, Mn, Cu, and Mg i n  t h e  format ion of ch lo rophyl l  
i s  w e l l  known. For t h i s  r eason  s t u d i e s  were done t o  compare t h e  r e l e a s e  of 
a v a i l a b l e  n u t r i e n t s  from lunar  and t e r r e s t r i a l  f i n e s  of s i m i l a r  mineral  
composition. Other s t u d i e s  at tempted t o  d u p l i c a t e  t h e  repor ted  growth 
response of p l a n t s  exposed t o  lunar  s o i l  and t o  compare t h a t  response w i t h  t h e  
response of p l a n t s  exposed t o  t e r r e s t r i a l  s o i l s  o r  pure  hydroponic s o l u t i o n s .  

Corn p l a n t s  (Zea mays L.  v a r .  Japonica)  were s u r f a c e  s t e r i l i z e d  and grown 
i n  complete Hoagland s o l u t i o n  p l u s  minor elements wi th  3 x ~ o - ~ M  FeEDTA a s  t h e  
i r o n  source.  Af te r  germinat ion t h e  p l a n t s  were a s c e p t i c a l l y  t r a n s f e r r e d  t o  
s t e r i l e  gno tob io t i c  i s o l a t o r s  and grown i n  t h e  n u t r i e n t  s o l u t i o n  f o r  2 weeks. 
P l a n t s  were then s e l e c t e d  f o r  un i fo rmi ty  and t r a n s f e r r e d  t o  i n d i v i d u a l  j a r s  of 
s t e r i l e  n u t r i e n t  s o l u t i o n  (200 m l l j a r )  and t r e a t e d .  The t r e a t e d  p l a n t s  were 
grown f o r  two weeks then harves ted ,  weighed, and analyzed f o r  Fe, Zn, Mn, and 
Cu uptake.  The t rea tments  c o n s i s t e d  of pure  hydroponic s o l u t i o n ,  s o l u t i o n  
p l u s  lunar  f i n e s  (67011.3), s o l u t i o n  p l u s  Hawaiian Basa l t  [simulated lunar  
f i n e s ,  ( 2 ) ] ,  o r  s o l u t i o n  p l u s  Iowa s o i l .  Two dose l e v e l s  were used f o r  t h e  
s o i l  amended s o l u t i o n s .  One s e t  of r e p l i c a t e s  received 0.2g of s o i l l p l a n t  
which was t h e  l e v e l  used by o ther  i n v e s t i g a t o r s  p rev ious ly  mentioned and a 
second s e t  received 0 .4g lp lan t  t o  determine i f  dose l e v e l  had any a f f e c t  of 
t h e  p l a n t  response.  The s o i l s  were added t o  t h e  growth s o l u t i o n s  a t  t h e  time 
of p l a n t  t r a n s f e r .  

The e f f e c t s  of t h e  a d d i t i o n  of t h e  t e r r e s t r i a l  s o i l s  and lunar  f i n e  on 
p l a n t  growth and t h e  uptake of Fe, Zn, Mn, and Cu a r e  presented i n  Table 1. 
Af te r  t rea tment  w i t h  0 .2gIp lan t  of e i t h e r  Lunar, Iowa, o r  Hawaiian B a s a l t  no 
s i g n i f i c a n t  e f f e c t  on shoot  o r  r o o t  d r y  weight was observed.  This i s  i n  
c o n f l i c t  wi th  t h e  d a t a  repor ted  by previous  i n v e s t i g a t o r s  (2 ,  3 ) .  A t  t h e  
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0 .4gIplant  t rea tment  l e v e l  t h e  a d d i t i o n  of t e r r e s t r i a l  s o i l s  o r  l u n a r  f i n e s  
caused a s i g n i f i c a n t  i n c r e a s e  i n  t h e  d ry  weight of bo th  t h e  shoo ts  and r o o t s  
when compared t o  p l a n t s  grown i n  pure  hydroponic s o l u t i o n s .  The i n c r e a s e  i n  
d r y  weight was n o t  s i g n i f i c a n t l y  d i f f e r e n t  between t h e  t e r r e s t r i a l  and l u n a r  
s o i l s .  Thus t h e  response of t h e  p l a n t s  t o  lunar  s o i l  was s i m i l a r  t o  t h e  
response of t h e  p l a n t s  t o  t e r r e s t r i a l  s o i l s  which i s  a l s o  i n  c o n f l i c t  w i t h  
t h e  implied conclus ions  of s e v e r a l  a u t h o r s  (2 ,  3 ) .  Along wi th  t h e  d r y  weight 
i n c r e a s e  a t  t h e  0 . 4 g l p l a n t  t r ea tment  l e v e l ,  a n  i n c r e a s e  i n  t h e  uptake of Fe,  
Zn, and Mn was no ted .  On t h i s  b a s i s  w e  concluded t h a t  t h e  response of t h e  
p l a n t s  t o  both  t h e  t e r r e s t r i a l  and l u n a r  f i n e s  was due t o  t h e  s o i l s  se rv ing  
a s  a mineral  n u t r i e n t  supplement f o r  t h e  hydroponic s o l u t i o n .  We b e l i e v e  
t h a t  t h e  c o n f l i c t  i n  our d a t a  and t h e  d a t a  p rev ious ly  r e p o r t e d  can a l s o  be  
resolved on t h e  b a s i s  of t h e  s o i l  a c t i n g  t o  supplement t h e  n u t r i e n t  
s o l u t i o n s .  

It is  n o t  p o s s i b l e  t o  determine from t h e  papers  of Walkinshaw and h i s  
co-workers (2,  3)  whether t r a c e  elements were used i n  t h e i r  n u t r i e n t  
s o l u t i o n s .  I f  l e f t  o u t ,  t h e  0.2g l u n a r  sample/plant t rea tment  could have 
p a r t i a l l y  suppl ied t h e s e  e s s e n t i a l  t r a c e  elements i n c r e a s i n g  growth over non- 
t r e a t e d  c o n t r o l s .  One r e p o r t  (2) s t a t e d  t h a t  inc reased  p l a n t  weight and 
he igh t  occurred i n  p l a n t s  t r e a t e d  wi th  lunar  s o i l s  y e t  a n  examination of t h e  
d a t a  r e v e a l s  t h a t  t h e  g r e a t e s t  growth occurred i n  t h e  non-treated p l a n t s  f o r  
two of t h e  s i x  s p e c i e s  s t u d i e d .  

We b e l i e v e  t h a t  t r a c e  n u t r i e n t  elements a r e  r e l e a s e d  by lunar  and 
t e r r e s t r i a l  s o i l s  and t h a t  a t  t h e  h igher  s o i l  dose l e v e l s  s u f f i c i e n t  
q u a n t i t i e s  of Fe,  Zn, and Mn and p o s s i b l y  s e v e r a l  o t h e r  elements a r e  r e l e a s e d  
t o  supplement t h e  n u t r i e n t  s o l u t i o n  and cause  an  i n c r e a s e  i n  p l a n t  growth. 
The e f f e c t  then is  one of minera l  n u t r i e n t  supplementation which occurs  when 
e i t h e r  lunar  o r  t e r r e s t r i a l  s o i l s  a r e  added t o  hydroponic s o l u t i o n s .  Th i s  
i n d i c a t e s  t h a t  t h e  hydroponic s o l u t i o n s  were n o t  n u t r i t i o n a l l y  opt ima1)for  
p l a n t  growth. The f a c t  t h a t  Hoagland's s o l u t i o n  is  n o t  an optimum s o l u t i o n  
f o r  t h e  growth of a l l  p l a n t  s p e c i e s  is  w e l l  documented i n  t h e  l i t e r a t u r e .  
The d i f f e r e n c e s  i n  t h e  n u t r i e n t  requirements  f o r  each s p e c i e s  and t h e  
adequacy of Hoagland's s o l u t i o n  i n  supplying t h e s e  n u t r i e n t s  a t  t h e  proper 
q u a n t i t y  would d i c t a t e  t h e  type and l e v e l  of growth response observed a f t e r  
t h e  a d d i t i o n  of s o i l  t o  t h e  s o l u t i o n .  This  would e x p l a i n  t h e  f a c t  t h a t  t h e  
type and degree  of growth response of p l a n t s  a f t e r  a d d i t i o n  of lunar  s o i l  
was d i f f e r e n t  depending upon t h e  s p e c i e s  exposed t o  t h e  s o i l  (2 ,  3) .  Th i s  
viewpoint of mineral  n u t r i e n t  supplementation by t h e  s o i l s  i s  supported by 
t h e  work of Silverman (1) i n  which t h e  response of b a c t e r i a  t o  lunar  s o i l  was 
dup l ica ted  by t h e  a d d i t i o n  of mono-salts of Fe(I1)  and F e ( I I 1 )  t o  t h e  c u l t u r e  
media . 
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Table  1. 
E f f e c t  of Lunar F i n e s ,  Hawaiian B a s a l t ,  and Iowa S o i l  i n  complete s t e r i l e  
n u t r i e n t  ~ o l u t i o n s  f o r  t h e  growth of corn.  

Dry weight Fe Zn Mn Cu 
(mg) (mg) Uptake Uptake Uptake Uptake 

Treatment shoot Root u g l p l a n t  u g l p l a n t  ug /p lan t  ug /p lan t  

No S o i l  201a* 63a 18.9 20.5 21.5 3.4 

Basa l t  
0.2g 217a 66a 22.6 20.4 21.0 2.8 
0.4g 260b lOOb 21.6 27.8 26.3 3.4 

Iowa 
0.2g 203a 78a 22.5 19.7 26.2 2.8 
0.4g 240b 98b 28.1 25.4 36.7 2.9 

Lunar 
0.2g 200a 78a 22.2 17 .8  20.4 2.6 
0.4g 292b 118b 27.2 23.1 28.6 2.9 

*/ Average of f i v e  r e p l i c a t e s .  Dry weights followed by d i f f e r e n t  - 
lowercase l e t t e r s  a r e  s i g n i f i c a n t  a t  t h e  90% p r o b a b i l i t y .  
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