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Abs t r ac t  

Volcanic  sands  were t r e a t e d  wi th  n u t r i e n t  s o l u t i o n s  f o r  a  p e r i o d  of 
s i x  weeks and were washed wi th  de ion ized  watex> ( u n t i l  cons t an t  conduc- 
t i v i t y )  f o r  s e v e r a l  weeks. These b a s a l t i c  m a t e r i a l s  had been used i n  
commercial hydroponic c u l t u r e s  f o r  6-, 5- ,  4- ,  and 1 y e a r ,  while  
a n o t h e r ,  a s  c o n t r o l ,  had n o t  been used be fo re .  The a c t i v i t y  o f  t h e  
m a t e r i a l s  on t h e  N H G - ,  NO?-,  H2P0c-, K t - ,  c a t+ - ,  ~ g + + ,  and Natcontents 
of t h e  n u t r i e n t  s o l u t i o n  was examined. A l l  m a t e r i a l  had r e t e n t i o n  o f  
NH; and H P04, and r e l e a s e d  l<+, Cat+, Mgtf and ~ a ' .  The non used mate- 
r i a l  i s  t i e  one which had t h e  lowest  a c t i v i t y  i n  t h e  n u t r i e n t  s o l u t i o n  
composi t ion.  The pH o f  t h e  m a t e r i a l  decreased  about  1 u n i t  (from 8 t o  
7 ) .  The NH4-Acetate e x t r a c t a b l e  Catt, M ~ + + ,  and ~a~ and t h e  NaHC03 
e x t r a c t a b l e  P  i nc reased  a f t e r  t r e a t m e n t s .  There was a l s o  a  n i t r i f i c a -  
t i o n  of t h e  NH; r e t a i n e d ,  i n c r e a s i n g  t h e  NO; i n  t h e  n u t r i e n t  s o l u t i o n s  
except  i n  t h e  non-used m a t e r i a l .  

1. I n t r o d u c t i o n  

Hydropony a s  a  t echn ique  i n  commercial c u l t u r e s  i s  developed p r i n -  
c i p a l l y  by u s i n g  a  s u b s t r a t e ,  as i n e r t  as p o s s i b l e ,  f o r  t h e  growth o f  
t h e  r o o t s  and t h e  suppor t  o f  t h e  p l a n t s .  

Granula ted  vo l can i c  m a t e r i a l  ( l a p i l l i )  i s  
widely used i n  t h e  hydroponic c u l t i v a t i o n  o f  
a1 1 9 7 7 ) ,  l e t t u c e  (Perez-Melian e-t  a 1  1977) ,  
a 1  1977) ,  f l o w e r s  (Sachs ,  1969)  (Ze id  e t  a l ,  
a lower d d a i l y  i r r i g a t i o n  number t h a n  needed 
Melian e t  a l ,  1977) .  

aboundant and h a s  been 
tomatoes  (Perez-Melian e t  
cucumber (Perez-Melian e t  
1 9 7 2 ) ,  e t c . .  . , t h e r e  being 
by nonporous g r a v e l  (Perm.  

Blesa  e t  a 1  (1972, 1976)  have i n v e s t i g a t e d  p h o n o l i t i c  and b a s a l t i c  
m a t e r i a l s ,  p o i n t i n g  o u t  t h a t  t h e  p h o n o l i t e  m a t e r i a l  d i s i n t e g r a t e d  when 
used i n  s o i l l e s s  c u l t u r e s  and showed c o n s i d e r a b l e  a c t i v i t y  on t h e  nu- 
t r i e n t  s o l u t i o n .  The b a s a l t i c  material, however, showed a s t r o n g  
r e s i s t e n c e  t o  d i s i n t e g r a t i o n  and l i t t l e  a c t i v i t y  on t h e  n u t r i e n  s o l u -  
t i o n .  

The con t inuous  u se  of b a s a l t  m a t e r i a l  a s  s u b s t r a t e  i n  hydropony 
produces a  l i t t l e  d i s i n t e g r a t i o n ,  shown by a d e c r e a s e  i n  t h e  o c c l u s i v e  
p o r o s i t y  (Luque e t  a l ,  1976)  and it cou ld  a f f e c t  i t s  p r o p e r t i e s .  

The s u b j e c t  of t h i s  paper  i s  t o  know t h e  e f f e c t  t h a t  t h e  p e r i o d  of 
use i n  hydropony could  produce on t h e  p r o p e r t i e s  o f  b a s a l t s  i n  r e l a -  
t i o n  t o  t h e  chemical  composi t ion o f  t h e  n u t r i e n t  s o l u t i o n ,  s i n c e  t h e  
c o n t r o l  o f  t h e  n u t r i e n t  s o l u t i o n  i s  e s s e n t i a l  f o r  t h e  b e s t  growth o f  
t h e  p l a n t s .  

2 .  M a t e r i a l  and Methods 

F ive  b a s a l t  m a t e r i a l s  t a k e n  from hydroponic  commercial i n s t a l l a t i o n s  

Acta H o r t i c u l t u r a e  126 ,  1981 
S u b s t r a t e s  i n  H o r t i c u l t u r e  



P l s s t l c  c3ntaiilel-1s w i t h  a d r a  Lrlage system wer7e f i l l e d  wi-th 2-1 o f  
p rev ious l . j /  we1 gfied v o l c a n l  c. nla-ter.k.1. The pots wcye c o v e r e d  w i t  h 
polyeti l i . ieric.  f i l m  t o  avoid e v a p o ~ > a t i o r . i .  Each rnater.ia.1 was r e p l i c a t e d  
four.-f0J.d. 

Each c o n t a i ~ e r  m:; i.iie11 war:i:ed wi-th d e i o n i z e d  war-er unt  i.1 a s t d l e  
c o n d u c t i v i t y  i n  :he wcisi~ll~g w b t e r  was r e a c h e d  ( th is  took apr loxir r~ate ly  
one week for a l l  t h e  n i a t e r i a l r ; ) .  

The per.iod o f  treatment was of s i x  weeks d:lci t.he n i l ~ u , i c r i t  s o l u t i ~ ~ n  
w d s  ch.-lnged weekly. 'i'he p o t s  were k e p t  cornpl2tel.y t.Looded o v e ~ m l g h l  dr~d 
h e r e  f l o o d e d  and enql-?ied seve~.~-i.L times d ~ w i n g  -tliz day. At t h e  end : I !  

s i x  weeks t h e  wasliirig with d e i o n  jized water, b e g a n ,  t h e  washirig wdter: 
being ctlanged e a c h  week u i l t i l  a s t e a d y  c o i ~ d u c t  i v i t y  w ~ i s  redci!cJ b e - t w c : ~ : ~ ~  
two changes ( a k o u t  five wee'ks) .  

The N Z j  was d e t e r m i n e d  c o l o r , - i r n e t ~ i c d l l y  b y  the p i i c r ~ o l d i s u l  i'orlic d ~ j  ,! 

met hou . The li2?04 was de  texmi~ied c o l o r ~ i m e t r ~ .  i ' r ~y  t h(: rnoii!jdo-vrrr~~- 
d a t e  mrti iod.  The NH: wa.s d e t e r m i n e d  by  vacuum d i s t i l l a t i o n  using dn 
Afora--Eonat apparatus cind .valuing i-t w i t 1 1  1 / 7 0  N H c l  (Lachica e t  , ~ 1 ,  
1 9 6 5 ) .  The Na' and  Kt w e m  d e t e r m i n e d  by Fl.dmephotonictry arid ~ a + +  an,? 
Ng++ by . a t o m i c  a b s o r p t  i:m. 

The ~a', Kt, caff  and bIgt were de terrnined a 2 e r  t h e i r  ex t r>act  ;on 
frorn t h e  sampies with IN NH; - a c , e t a t e  a t  pH7 (StdLf,l954). ':'he pho:>- 
~ n a t e  w a s  e x t r a c t e d  wi t i i  I N  Na HC03 a t  pH 8 . 5  (Oisen' : ;  me thod) .  'I'he lill 
v a l u e s  wer5e d e t e r m i n e d  i n  aquec;us e x t r a c t  2 : 2.5 (w/v ) . 

To ca lcuJ .a te  t h e  r e t e n t i o n  or7 r e l e a s e  o f  eaci! one  o f  t h e  i o n s  studied 
t h e  f o l l o h i n g  furrnula was used i n  e a c h  t r e a t m e n t :  

Weight o f  s u b s t r a t e  ( 2 K )  

C = Concen t rwt ion  o f  The i o n  a t  new n u t r i e n t  s o l u t i o n  ( r n e q j l )  
n 

%-l 
= C o n c e n t r a t i o n  o f  t h e  i o n  i n  t h e  p ~ ~ e c e d i n g  tl.eatmen t ( m e q / l )  

Ca = C o n c e n t r a t i o n  o f  t h e  i o ~  a f t e r  t r e a t m e n t .  

Tijt = Hmomt o f  w a t e r  used i n  t h e  t r e a t m e n t  ( 1 )  

W = Amount of w a t e r  r e t a i n e d  by substrate ( l )  
r 



'1' < 0= rmelease o f  i o n s  frmm t h e  s u b s t r e t e  
l' = 0= non a c t i v i t y  
'1' > 0- r e t e n t i . o n  of ions  by the  s u b s t r a t e  

Iil t h e  iitltrieri t s o l i l t  i o n s  n l t  rogen  was incc.,rpor.a-ted i n  two forms : 
t 

NH4 and N C ~  . 811 tile m a t e r i a l s  show r ~ e t e n t i c l :  of I ~ H ;  which i s  Fixed 
by t h e  suhs t r~are : ;  s-;rice, when t h e  washing w:itti d e i o n i z e d  w a t e r  i s  
c a r r i e d  o l ~ t ,  NM; does  n o t  a p p e a r  i n  a n y  of t h e  c a s e s .  The f i x i r i g  of 

NH: i s  rncr7e ir i terise i n  t h e  m a t e r i a l s  which have been used ovel. l o n g e r  
p e r i o d s  of t ime  ( I ' i g .  l ) .  The t o t d l  a niouri-t of  NH' fixed 1,: higher L11an 

'4 
t h a t  preceri  t e d  by s i l  ice sand  and lower. than t h d t  s i l i ~ w f l  L'y' ~ ~ u r n i c e  s t o n e  
o r  v e r m i c u i i t e  (Manshdrd, 1 9 5 8 ) .  

A l l  subs t r t i l l e s  r e l e a s e  NO3 i n t o  t h e  r iutr>ieri t  s o l u t i o n s  e x c e p t  
t h e  nor] u s e d  [ r a t e r i d s  wich r > e t a i n s  i t .  ?'he q u a r i t i t v  o!: NO3 r e l e a s e d  
i n  t h e  wdshing t r e a t m e n t s  w i t h  d e i o n i z e d  w a t e r  i s  l o w e r  t-ha11 t t m t  r e -  
i e a s e d  w-i tki nu trl-ier:t so lu - t  ioii t r e a t m e n t  s .  A l l  t h e  n d t e r  i d s  g e n e r a l l y  
show a c ? r , t a i n  m o u n t  o f  r e t e n t i o n  of net--nitr .ogen (N.Fi< r e t a i n e d  - NO3 
r .e leased ) ( Fig .  l ) . 

3 . 1 . 2 .  Phosphate  

T l ~ e  m a t e r i a l s  r e t a i n  H ,  PO- from t h e  n u t r i e n t  bllt  p a r t  tllis L 4 
H2p04 i s  r e l e a s e d  when i t  i s  washed w i t h  d e i o n i z e d  water-, ( I i g ~ r e  1). 

The o l d e s t  m a t e r i a l s  i > e t a i n  v e r y  l i t t l e  phospha te  dnd d u r i n g  t h e  
washing w i t h  d e i o n i z e d  w a t e r  r e l e a s e  a q u a n t i t y  2 . 5  t imes  h igher>  t h a n  
t h a t  r e t a i n e d  TrTom tl ie n u t r i e n t  s o l u t i o n .  A s  r e g a r d s  r e t e n t i o n  t h e m  
dr)e no s igri i f i  c a n t  d i f f e r e n c e s  between the c o n t r o l  m a t e r i a l  a n d  t h e  
other: ; .  However, the for.vier r e l e a s e s  the  s m a l l e s t  amourit i n  t h e  washing 
t ~ e a t r n e n t s  . 

t .  A1.L -tile m a t e l ' i a l s  retain K In t h e  t r e a t m e n t s  w i t h  n u t r i e n t  so- 
lu t i o n s  w i t h o u t  f o l l o w i n g  any  c o r r e l a t i o n  as r e g a r d s  ti-le y e a r s  of t h e i r  
use ( T i g u r e  2 ) .  I n  t h e  washing - t r>ea tments  a l l  t h e  mate r . i a l s  r e l e a s e  K' 
arid t h e  q u a n t i t y  o f  K r e l e a s e d  increase:.;  a c c o r ~ j i n g  t o  t h e  l e n g t h  o f  
t i m e  t h a t  t h e  r r ld te r i a l s  have been p r e v i o u s l y  w e d  i n  hydropony. 

3.1.4. Calcitirn, Magnesium and Sod.ium 

'The bei.iaviour o f  volcclnic m a t e r i a l s  a s  r e g a r d s  t h e s e  t h r e e  c a -  
t i o n s  i s  s i m i l a r ,  I n  e v e r y  c a s e  whetl ier  t h e y  a r e  txleatnlents w i t h  nu- 
t r i e n t  s o l u t i o n  o r  w i t h  d e i o n i z e d  w a t e r  t h e r e  i s  a r e l e a s e  o f  ~ a + +  , 
Mg++ and ~ a +  ( T i g u r e  3 ) .  N e v e r t h e l e s s ,  t h e  q u a n t i t y  r e l e a s e d  i s  much 
g r e a t e r  w i t h  n u t r . i e n t  s o l u t i o n  t h a n  w i t h  d e i o n i z e d  w a t e r  ( b l a c k  a r e a  
i:1 r i g u r 1 e  3 ) .  In t h e  t h r e e  c a s e s  t h e  c o n t r o l  m a t e r > i a l  i s  t h e  one  which 
shows t h e  l e a s t  a c t i v i t y  on t h e  n u t r i e n t  s o l u t i o n s .  



3 . 2 .  K ~ ,  C a + + ,  M g t t ,  ~ a + ,  P ,  and  pH v a l u e s  i n  t h e  v o l c a n i c  m a t e r i a l s  ............................................................... 
b e f o r e  and a f t e r  t h e  t r e a t m e n t s  w i t h  n u t r i e n t  so1 .u t ions  and t h e  --------------------------------------------------------------- 
washing p r o c e s s .  

The non-used material shows t h e  l o w e s t  c o n t e n t  o f  exchange c a t i o n s  
b e f o r e  and  a f t e r  it h a s  been t r e a t e d  w i t h  n u t r i e n t  s o l u t i o n  and washed. 
The c o n t e n t  o f  K t ,  catt, M g t t  and Na' d e c r e a s e s  i n  a l l  t h e  m a t e r i a l s  
a f t e r  t h e  t r e a t m e n t s  e x c e p t  t h e  Kt i n  t h e  non-used m a t e r i a l  ( T a b l e  1). 

The p h o s p h a t e  e x t r a c t a b l e  w i t h  sodium b i c a r b o n a t e  a lmos t  d o u b l e s  
i n  a l l  t h e  s t u d i e d  m a t e r i a l s ,  e x c e p t  i n  t h e  non-used i n  which it 
i n c r e a s e s  o n l y  s l i g h t l y .  

The v a l u e s  o f  pH d e c r e a s e  i n  all. t h e  materials a lmos t  one u n i t  
a f t e r  t h e  t r e a t m e n t  w i t h  n u t r i e n t  s o l u t i o n s  and washing.  

4 .  D i s c u s s i o n  

The NH; i s  t h e  o n l y  c a t i o n  f i x e d  by t h e  v o l c a n i c  m a t e r i a l s .  T h i s  
f i x a t i o n  c a n  o c c u r  main ly  on t h e  s m a l l  exchange complex f r a c t i o n  shown 
by t h e s e  m a t e r i a l s  by s u b s t i t u t i n g  t h e  c a t i o n s  ca", Mg++ dnd ~ a ~ , s i n c e  
t h e s e  t h r e e  c a t i o n s  a r e  r e l e a s e d  i n t o  t h e  medium ( n u t r i e n t  s o l u t i o n  o r  
washing w a t e r )  from a l l  t h e  m a t e r i a l s .  One p a r t  of N H ~  i s  a g a i n  r e t u r -  
ned t o  t h e  medium i n  t h e  form o f  NO3.  T h i s  i s  t o  s a y  t h a t  i n  t h e s e  
v o l c a n i c  materials t h a t  have been used  i n  hydropony t h e r e  e x i s t s  a p r o -  
c e s s  o f  n i t r i f i c a t i o n  by b a c t e r i a .  The non-used mater. ia1 a l o n e  does  n o t  
show n i t r i f i c a t i o n  s i n c e  i n s t e a d  o f  r e l e a s i n g  NO3 it r e t a i n s  i t ,  though 
i n  a v e r y  s m a l l  q u a n t i t y .  

When t h e  t r e a t m e n t s ' w i t h  n u t r i e n t  s o l u t i o n s  a r e  c a r r i e d  o u t  a l l  t h e  
m a t e r i a l s  r e t a i n  phospha te  a l t h o u g h  a f t e r  t h e  washing p r o c e s s e s  a par l t  
o f  t h i s  p h o s p h a t e  i s  r e l e a s e d  i n t o  t h e  washing water. The f i x a t i o n  of 
phospha te  c a n  be  c a r r i e d  o u t  by s e v e r a l  p r o c e s s e s ,  main ly  by p r e c i p i -  
t a t i o n  w i t h  t h e  Ca+f i n  which t h e s e  b a s a l t i c  m a t e r i a l s  a r e  r i c h  h a v i n g  
v a l u e s  from 1 0  t o  12% (w/w) o f  CaO i n  t h e i r  c h e m i c a l  compos i t ion  ( B l e -  
sa e t  a l ,  1 9 7 2 ) .  However, t h e  f i x a t i o n  o f  H2P04 is  weak and what i s  
more t h e  o l d e s t  m a t e r i a l  r e l e a s e s  even  more p h o s p h a t e  t h a n  it r e t a i n s .  

The fact  t h a t  i n  a l l  t h e  m a t e r i a l s  ( i n c l u d i n g  t h a t  used f o r  s i x  
y e a r s )  t h e  P e x t r a c t e d  on c o n c l u d i n g  t h e  t r e a t m e n t s  is g r e a t e r  t h a n  
t h a t  e x t r a c t e d  b e f o r e  c o u l d  be  r e l a t e d  t o  t h e  d e c r e a s e  o f  pH shown by 
a l l  t h e  m a t e r i a l s  and c o u l d  m o b i l i s e  t h e  P f i x e d  d u r i n g  t h e  u s e  o f  t h e  
s u b s t r a t e s  i n  hydropony. 

We have a l r e a d y  ment ioned t h a t  t h e  r e l e a s e  o f  c a t i o n s  i n  a l l  t h e  
m a t e r i a l s  c o u l d  be a n  e f f e c t  o f  t h e  NH$ which s u b s t i t u t e s  them. The 
d e c r e a s e  o f  t h e  c a t i o n  c o n t e n t  c o n j o i n t e d l y  w i t h  t h e  n i t r i f i c a t i o n  o f  
t h e  r e t a i n e d  N H ~  c a u s e s  t h e  s u b s t i t u t i o n  o f  t h e  c a t i o n s  w i t h  H~ i n  t h e  
exchange complex which would c a u s e  a  d e c r e a s e  o f  t h e  pH o f  t h e  mate- 
r i a l s  ( T a b l e  I .  ) 

1 n . t h e  c o n t r o l  s u b s t r a t e  t h a t  had n o t  p r e v i o u s l y  been used  t h e r e  
a p p e a r s  a  r e t e n t i o n  o f  NO5 and  o f  K t  which c o u l d  be a consequence o f  
b i o l o g i c a l  a c t i v i t y  t h a t  h a s  been u n d e t e c t e d  i n  t h e  rest o f  t h e  mate- 
r i a l s .  T h i s  c o u l d  be b e c a u s e  o f  t h e  p r e s e n c e  o f  n i t r i f i c a n t  b a c t e r i a  
which a r e  n o n - e x i s t e n t  i n  t h e  non--used m a t e r i a l .  

The non-used material i s  t h e  o n l y  o n e  t h a t  r e l e a s e s  l e s s  p o t a s s i u m  



t h a n  it r e t a i n s .  Thus, it is  t h e  o n l y  one t h a t  h a s  a n e t  r e t e n t i o n  of  
K' ( T a b l e  I. ). T h e r e f o r e  it is a l s o  t h e  o n l y  t h a t  shows a n  i n c r e a s e  i n  
t h e  exchange K+ a f t e r  t h e  t r e a t m e n t s  have been c a r r i e d  o u t .  
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Table I- Values of K+, ca", ~ g + +  and Na++ ( e x t r a c t e d  wi th  1 N  N H q  Ace- 
t a t e  a t  pH7),  P v a l u e s  ( e x t r a c t e d  by Olsen methods) and pH 
v a l u e s  ( 1 : 2 . 5  (w/v) a f t e r  h a l f  hour )  of  t h e  vo lcan ic  mater ia l s  
be fo re  and a f t e r  n u t r i e n t  s o l u t i o n s  and washing t r ea tmen t s .  

Volcanic  m a t e r i a l s  
....................................................................... 

Years o f  use :  
meq/100g PPm 

be fo re  t r e a t m e n t s  . . .  0 . 3 1  2 . 5 1  0 .79  0 . 5 4  1 2 . 8  7 . 8  6 1  a f t e r  t r e a t m e n t s . .  . 0 . 2 4  2 . 0 3  0 . 1 6  0 .16  2 2 . 6  6 . 8  

be fo re  t r e a t m e n t s . . .  0 . 2 2  2 . 9 6  0 .38  0 . 2 9  1 2 . 4  8 . 1  
a f t e r  t r e a t m e n t s .  .. 0 . 1 9  1 . 7 8  0 . 0 0  0 . 2 2  26 .4  7 . 0  

I b e f o r e  t r e a t m e n t s . . .  0 . 2 5  2 . 4 4  0 . 3 6  0 .28  1 4 . 3  8 . 0  
a f t e r  t r e a t m e n t s . .  . 0.17  1 . 2 6  0 . 1 5  0 . 1 3  2 0 . 7  6 . 9  

1 - b e f o r e t r e a t m e n t s . . .  0 . 1 2  2 . 1 0  0 .34  0 . 2 5  1 2 . 5  7 . 3  
a f t e r  t r e a t m e n t s .  .. 0 .16  2 .00  0 . 1 2  0 . 1 9  2 3 . 3  7 . 1  
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Figure 1 - Activity of the volcanic materials on the coc- 

tent of Nitrogen in the nutrient solution 
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Figure 2 - Activity of thc? volcanic materials on the ccntznts 

of H~PO; and K+ in the nutrient solution 




