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Preface 

Evolution of t h e  upright land p l an t  can be  assoc ia ted  with adapt ive  

changes i n  the  permeability of cells t o  water and t h e i r  r e s i s t ance  t o  

crushing forces.  Although t h e  appearance of t h e  vascular p l a n t  involves 

many changes, l i g n i f i c a t i o n  has o f t en  been i d e n t i f i e d  as t h e  major inno- 

va t ion  i n  wall chemistry permitt ing t h e  upright hab i t .  

bear out t h e  r e l a t ionsh ip  of wall-permeating l i g n i n s  t o  e rec tness  and 

f l e x u r a l  s t r eng th ,  bu t  t h e  ubiquity of l i g n i n  i n  vascular  forms can i n  

no way account f o r  a l l  of t h e  chemo-mechanical proper t ies  of p lan ts .  

S i l i c a  has a r o l e  i n  many cel l  forms: Equisetum spp.;  l eaves  of cereals 

and grasses,  t h e  s tone  cells of f r u i t ,  and epidermal h a i r s  of many stems 

and leaves (e.g. n e t t l e s ) .  

Ekny spec ies  

Further evidence f o r  a supportive r o l e  f o r  s i l i ca  der ives  from 

diatoms, r ad io l a r i an  ske le tons ,  and (recently) from its repor ted  appear- 

ance i n  

is w e l l  

I n  

on i s  t . 

ea r ly  s t ages  of 

i n i t i a t e d .  

diatoms, Ge03 , 3 

bone healing, be fo re  deposit ion of hydroxyapatite 

- - 
Group I V  an  analog of SiOj , is a s i l ica  anfag- 

Whether o r  no t  it acts as such i n  a l l  cases remains an  important 

point b e t t e r  resolved by experiment than conjecture.  

The r epor t  which follows represents  t h e  f i r s t  of t he  s t u d i e s  sup- 

ported under the  P r inc ipa l  Inves t iga to r ' s  research programs t o  earn  a 

graduate degree. It cons i s t s  of a bas i c  inves t iga t ion  of si l icate i n  

p l an t  growth, and t h e  t o x i c i t y  of germanate and Ge02. 
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Appended t o  t h e  study is a b r i e f  r epor t  of work i n  progress show- 

ing  t h a t  Elodea, a water p l an t  derived from land angiosperm ances t ry ,  

can be induced t o  grow s i g n i f i c a n t l y  out  of water only when provided 

with r e l a t i v e l y  l a r g e  amounts (10-3H) of o r t h o s i l i c a t e .  

t i o n  with t h i s  system has g r e a t  promise as it suggests t h a t  a form 

l imi t ed  by genet ic  loss  t o  a buoyant medium could achieve another solu- 

t i o n  t o  i t s  support requirements - s i l i c i f i c a t i o n  - with in  i t s  e x i s t i n g  

genet ic  s t r u c t u r e .  

Experimenta- 
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INTRODUCTION 

S i l i c o n  has been discussed a$ a n  e s s e n t i a l  and non-essential 

element f o r  p l an t  growth s ince  1862, when J u l i u s  Sachs questioned 

whether o r  no t  s i l i c i c  ac id  is an indispensable substance f o r  those 

p l an t s  t h a t  conta in  s i l i c o n  (17). Since the  t i m e  of Sachs, methods 

of p l a n t  physiology have improved g r e a t l y  and evidence pro and con 

of Sachs' question has accumulated. Iiowever, t he  r o l e  of s i l i c o n  i n  

p l an t  growth has not  ye t  been completely defined, and, with advancing 

technology, i nves t iga t ions  are continuing. I n t e r e s t  i n  t he  poss ib le  

metabolic r o l e  of s i l i c o n  i n  p l a n t s  seems t o  be l eg i t ima te ly  founded 

because of t he  quant i ty  of n a t u r a l l y  occurring s i l i c o n .  

s i l i c o n  is the  most abundant element, and s i l ica  is the  most abundant 

of a l l  oxides ( 3 ) .  

c r u s t  (25) a 

Afte r  oxygen,, 

Compounds of s i l i c o n  c o n s t i t u t e  87% of t h e  e a r t h ' s  
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EXAI4INATION OF LITERATURE 

Dis t r ibu t ion  of S i l i c o n  i n  P lan ts  

S i l i c a  is deposited i n  epidermal c e l l s  and c e l l  walls of many 

species of p l an t s .  It is a l s o  common i n  sp ines ,  sp icu les ,  needles 

(modified leaves) ,  vessels and f ibe r s .  In some p lan t s ,  s i l i c o n  is 

not  recognizable i n  any spec ia l i zed  s t r u c t u r e s ,  bu t ,  is ins tead  d i f -  

fu se ly  d i s t r i b u t e d  throughout t h e  organisms. 

roots and shoots  vary. In  tomato, radish,  green onion, Chinese cab- 

bage and wheat si l ica content is e i t h e r  equal i n  the  roots  and shoots 

o r  higher i n  tne roo t s  than i n  t h e  shoots (2 ,  15). 

t he  s i l i c o n  content of t he  aerial  parts is higher than t h a t  of t h e  

roo t s  ( 5 ,  15). 

Amounts of s i l i c o n  i n  

I n  rice and oa t s ,  , 

Jones, i4ilne and Wadham (7) found t h a t  a l l  ou te r  c e l l  walls of 

t h e  epidermis (except cork), subepidermal cel l  w a l l s ,  vessels, f i b e r s  

and t r ache ids  of o a t  conta in  s i l i c o n .  

a s soc ia t ion  with o the r  ce l l  wall cons t i tuents .  Yoshida, Ohnishi and. 

I b t a g i s h i  (28, 29), i n  a similar study of rice p lan t s ,  found s i l i c o n  

i n  the  epidermis, vascular  bundles, bundle sheath and sclerenchyma of 

t h e  l e a f  blade, i n  t h e  outer  epidermis, vascular  bundles and walls of 

parenchyma cells of t h e  l ea f  sheath and i n  a l l  t i s s u e s  of t h e  root.  

I n  t h e  l e a f  blade, t he re  was a very t h i n  l a y e r  of c u t i c l e  and j u s t  

i n s i d e  t h i s  a l a y e r  of s i l i c a .  

The s i l i c o n  was deposited i n  

Beneath the  c u t i c l e  and s i l i ca  l aye r s ,  
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t h e  s i l i c o n  was in t imate ly  a s soc ia t ed  with c e l l u l o s e  i n  the  epidermal 

c e l l s .  

ment of substances. 

The au thors  a t t r i b u t e d  a l i m i t i n g  of water loss t o  t h i s  arrange- 

P lan t  s i l i c o n  content varies a l s o  with age. Younger rice p lan t s  

and p l an t  p a r t s  have less s i l i c o n  than o lde r  p l an t s  and p l a n t  p a r t s  

(15). 

oa t  p l a n t s  are s i l i c i f i e d ,  bu t  t h i s  s i l i c i f i c a t i o n  does not i n t e r f e r e  

with t h e  enlargement of immature cells. 

not  a r i g i d  depos i t  when it is f i r s t  l a i d  down, 

Jones, i l i lne  and Wadham (7) found t h a t  portions of s i x  week old 

This suggests t h a t  s i l i c o n  i s  

S i l i c o n  Uptake and Chemical Forms 

S i l i c o n  i s  usually supplied i n  n u t r i e n t  media as meta-sil icate 

which hydro l izes  i n  water t o  give o r t h o s i l i c i c  ac id ,  Si(0Hl4 (12). 

This korm i s  r ead i ly  absorbed by diatoms and o ther  p lan ts .  

occurs i n  t h i s  fbrm i n  soil s o l u t i o n  and n a t u r a l  water below pH 9 ,  

Other evidence of t he  form of s i l i c o n  during uptake comes from s tud ie s  

of xyletn sap  (1, 2). I n  t h e  xylem, s i l i c o n  is  always i n  t h e  form of 

S i l i c o n  

monosil icic ac id .  

S i l i c i c  ac id ,  however, represents  only a small po r t ion  of p l an t  

s i l i c o n .  Jones and Hi lne ' s  study of o a t  (6) found most of t h e  p l an t  

s i l i c o n  t o  be non-crystall ine and i so t rop ic .  

(10, 27) and in f r a red  absorption s t u d i e s  (27) show t h a t  s i l i ca  ge l  i s  

t h e  form of amorphous s i l i ca  present  i n  diatoms and higher p lan ts .  

S i l i c a  g e l  (hydrated amorphous s i l i ca ,  Si02*nH 0 o r  polymerized 

Rates of d i s so lu t ion  

2 
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s i l i c i c  ac id)  c o n s t i t u t e s  90% t o  95% of t h e  t o t a l  s i l i c o n  i n  r i c e ,  

while s i l i c i c  a c i d  c o n s t i t u t e s  0.5% t o  8.0%. Colloidal s i l i c a  consti-  

t u t e s  0.0% t o  3.3%: (30). 

There i s  good evidence t h a t  uptake of s i l i c o n  is  not  merely pas- 

s i v e  d i f fus ion  of a non-polar substance across  r o o t  h a i r  membranes. 

Barber and Shone (1) found t h a t  s i l i c o n  entered bar ley  roots a t  a rate 

2 t o  3 times g rea t e r  than water l o s t  i n  t r ansp i r a t ion .  

s t u d i e s  have shown concentrations of s i l i c o n  higher than t h e  concen- 

t r a t i o n s  of t he  extermal so lu t ions  f o r  bean (1) and rice (15). This 

evidence suggests t h a t  t he re  is  active uptake of s i l i c o n  by p l an t  

roo ts  . 

Xylem sap 

Effec ts  of S i l i c o n  and Lack of S i l i c o n  on P lan t  Growth 

Between 1926 and 1940, various workers es tab l i shed  s i l i c o n  t o  be 

responsible f o r  increased growth i n  both monocotyledons and dicoty- 

ledons ( 4 ,  13, 14, 16, 18, 21) e During t h i s  t i m e ,  t h e  question w a s  

r a i sed  as t o  whether t h e  e f f e c t  of s i l i c o n  w a s  d i r e c t  or i n d i r e c t .  

( I t  had been found t h a t  s i l i c o n  played a r o l e  i n  r e s i s t ance  t o  fungal 

a t  tack. ) 

Work s i n c e  t h i s  t i m e  has  f u r t h e r  suggested t h a t  t he  b e n e f i c i a l  

e f f e c t s  of s i l i c o n  f o r  p l a n t s  i n  general  may be i n d i r e c t  r a t h e r  than 

r e s u l t i n g  from a d i r e c t  requirement of t h e  p l an t s  f o r  s i l i c o n .  

has been shown t o  be b e n e f i c i a l  t o  p l a n t s  i n  general  as w e l l  as p l an t s  

t h a t  develop deficiency symptoms i n  t h e  absence of s i l i c o n ,  

ind iv idua l  p l a n t s  and groups of p l a n t s  have been shown t o  r equ i r e  

S i l i c o n  

Various 
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s i l i c o n  fo r  hea l thy  growth, but s i l i c o n  has not been proven t o  be 

essectial f o r  t h e  healthy growth of h igher  p l a n t s  i n  t h e  strict sense 

of t h e  word. 

Recently, it has  been shown by Tanaka and Bark (19) t h a t  s i l i c o n  

does no t  a f f e c t  t h e  growth rate of r i c e ,  and by Woolley (23) t h a t  

tomato, r ad i sh ,  green onion and Chinese cabbage do not  have increased 

growth i n  t h e  presence of s i l i c o n .  I n  c o n t r a s t  t o  t he  work of Tanaka 

and Park (19), Okuda and Takahishi (15) found t h a t  s i l i c o n  increased 

both r o o t  and shoot growth i n  rice. Reduced f e r t i l i t y  and nec ro t i c  

spo t t ing  have a l s o  been found i n  rice p lan t s  grown i n  s i l i c o n  de f i -  

cient media, along with w i l t i n g  and withering of t h e  leaves (15) c a l l e d  

"weeping willow" e f f e c t .  

t h e  increased rate of t r a n s p i r a t i o n  found i n  s i l i con -de f i c i en t  rice 

p lan t s  by Yoshida, Ohnishi and Ki t ag i sh i  (28). A s  was suggested by 

the  authors,  s i l i ca  g e l  assoc ia ted  with the  c e l l u l o s e  i n  epidermal 

c e l l  w a l l s  could function i n  reducing water loss. 

absence of s i l i c o n  would l ack  t h i s  p ro tec t ion  and w i l t  more e a s i l y  

under water stress. 

"Weeping willow" e f f e c t  can be explained by 

P lan t s  grown i n  t h e  

It has been demonstrated t h a t  s i l i c o n  is r e l a t e d  t o  t he  metabo- 

l i s m  of o the r  inorganic n u t r i e n t s .  

and Takahashi (15) found t h a t  the  nec ro t i c  s p o t t i n g  on s i l i c o n  de f i -  

c ient  rice p l a n t s  was due t o  i r o n  o r  manganese t o x i c i t y  (respectively) 

enhanced by t h e  l ack  of s i l i c o n .  

and V l a m i s  (251, using manganese-54, detected r ad ioac t iv i ty  i n  spo t s  

V l a m i s  and W i l l i a m s  (20) and Okuda 

In a similar study on barley,  Wl l iams 
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i n  t h e  same loca t ions  as nec ro t i c  spo t s  OR l e a f  blades of p l a n t s  grown 

i n  s i l i c a - d e f i c i e n t  Hoagland so lu t ions .  

s i l i c o n  the re  was no nec ro t i c  spot t ing ,  and radioautographs showed 

manganese to  be more evenly d i s t r i b u t e d  i n  t h e  l ea f  blades. 

I n  so lu t ions  supplied with 

Inh ib i t i on  of S i l i c o n  lletabolism 

Lewin (9) has shown s i l i c o n  uptake t o  be a n  aerobic process depend- 

S i l i c o n  uptake by diatoms can be inhib- e n t  on r e sp i r a t ion ,  i n  diatoms. 

i t e d  by r e sp i r a to ry  i n h i b i t o r s  such as arsenate, azide,  cyanide, iodo- 

acetate and f luo roace ta t e  a t  t he  concentrations which they i n h i b i t  

r e s p i r a t i o n ,  Kelly (8) has shown t h a t  organic substances (sugars, 

s ta rches ,  and intermediates of t he  t r i c a r b o x i l i c  a c i d  cycle) which 

st imulate r e s p i r a t i o n  a l s o  s t imula te  uptake of s i l i c o n  i n  diatoms. 

That s i l i c o n  uptake is  dependent on r e s p i r a t i o n  is  cons i s t en t  with t h e  

evidence t h a t  shows t he  uptake of s i l i c o n  t o  be active r a t h e r  than 

passive. 

Germanic a c i d  has  been considered a s p e c i f i c  i n h i b i t o r  of s i l i c i c  

a c i d  metabolism by Lewin (9,  11) and Werner ( 2 2 ,  2 4 ) .  These authors,  

from t h e i r  research have suggested t h a t  only p l an t s  requi r ing  s i l i c o n  

are s e n s i t i v e  to germanium and germanium i n h i b i t i o n  can be reversed 

by add i t ion  of s i l i c o n .  

Werner has examined t h e  e f f e c t s  of germanium on the  s i l i c o n  metab- 

olism of t he  diatom CycZoteZZa eryptiea ( 2 2 ,  2 3 ) .  He found t h a t  ger- 

manium does not  i n t e r f e r e  with the  uptake of s i l i c o n ,  but r a the r ,  
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affects i ts  metabolism once s i l i c o n  is i n s i d e  the  cell .  Germanium 

inh ib i t ed  chlorophyll  and p ro te in  synthes is  as w e l l  as breakdown of 

carbohydrates in t he  dark. 

"lie symptoms of germanium suppression i n  higher p lan ts  are similar 

t o  those of s i l i c o n  deficiency. 

growth, w i l t i ng ,  withering, spo t t ing  and reduced chlorophyll  content.  

These are: reduced shoot and root  

Werner (24) has  reported t h a t  germination i s  not  a f f e c t e d  by 

germanium, but ,  later growth is inhib i ted .  H i s  premise is t h a t  during 

germination t h e  endosperm suppl ies  nu t r i en t s .  When the  energy reserve  

of the  endosperm has been exhausted and the  seedl ing  begins t o  r e l y  on 

the  ex te rna l  environment f o r  nu t r i en t s ,  germanium becomes an e f f e c t i v e  

i n h i b i t o r .  
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PURPOSE OF THIS STUDY 

This research was designed t o  examine various aspec ts  of the  

l i t e r a t u r e  i n  r e l a t i o n  t o  seve ra l  p lan t  types and then t o  select one 

p l an t  f o r  i n t ens ive  study. 

I n i t i a l l y ,  experiments were c a r r i e d  out on cucumber and rad ish  as 

r ep resen ta t ives  of t he  dicotyledons and wheat and bar ley  as representa- 

tives of t he  monocotyledons. These preliminary experiments were intend- 

ed t o  examine t h e  silicon requirements of two members of t he  grass 

family, which have been shown t o  r equ i r e  s i l i c o n  f o r  normal grcwth, 

and two members of a group of p l a n t s  t h a t  generally do not  r equ i r e  

s i l i c o n .  Also, i n  t h e  i n i t i a l  experiments, t h e  author intended t o  

examine germanium i n h i b i t i o n  of s i l i c o n  metabolism. According t o  the  

l i t e r a t u r e  (9, 11, 22, 24), p lan t s  which do not  requi re  s i l i c o n  are 

not a f f ec t ed  by germanium. This was t e s t e d  with cucumber and rad ish .  

Barley was bhosen f o r  intezisitre study f o r  s eve ra l  reasons. P re l im-  

inary  experiment& Bad shown bar ley  to  be Sens i t i ve  t o  s i l i c o n  de f i c i en t  

so lu t ions ,  and t b  succumb read i ly  to germanium. 

germinate overnitght and &rbw t o  a he ight  of about 7 cm. i n  3 days, 

showing e f f e c t s  of germaixkm ihh!&tion i n  t h i s  t i m e .  

Seeds of Har io t  barley 

It wag intetided t a  a%amtCrk &rious aspec ts  of the  e f f e c t s  of 

s i l i c o n  and gefmanium on barley’c 

concentrations of s i l i c o n  and gefinariium, tha  r e v e r s i b i l i t y  of germanium 

inh ib i t i on ,  pretonditiorifng t o  gemanium inh ib i t i on ,  n e c r o t i c  spo t t ing  

with germanium and the  e f f e c t s  of v a r h u s  chemical forms of s i l i c o n  and 

germanium e 

These am: the  e f f e c t s  of d i f f e r e n t  
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HATERIALS AND PBTIIODS 

Only p l a s t i c  was used i n  preparing the  so lu t ions  and the  gemina- 

t i o n  procedure, regard less  of whether t h e  p l an t s  were t o  be grown i n  

s i l i c o n  o r  no t ,  

s i l i c o n  t o  which the  p l a n t s  were exposed. 

(Na,K)OH was used t o  leach s i l i c o n  out of seeds. 

i n  t h e  so lu t ion  u n t i l  t h e  r a d i c l e s  had emerged o r  f o r  several days of 

growth. 

s i l i c o n  unavailable t o  t h e  seedlings.  

This was done t o  con t ro l  completely the  amount of 

In some experiments, 112 

The seeds were soaked 

The so lu t ion  w a s  changed 2 o r  3 times t o  make the  leached-out 

P lan t s  were grown under one of t h ree  experimental techniques. 

These were: 1) on ash-free f i l t e r  paper i n  p l a s t i c  p e t r i  plates, 2) i n  

p l a s t i c  po ts  containing e i t h e r  p l a s t i c  oven c r y s t a l s  (11/2 mm. square ,  

p las t ic  chips) o r  vermicul i te ,  o r  3) i n  water c u l t u r e  apparatuses con- 

s i s t i n g  of polystyrene cups and p l a s t i c  p e t r i  p l a t e  halves wi th  holes  

punched i n  t h e  surface.  

were added. 

No n u t r i e n t s ,  o ther  than t h e  ones being t e s t ed ,  

The f i r s t  technique was used f o r  s h o r t  range experiments such as 

t o  measure germination. 

range experiments, 

t o  t h e  a i r  was l imi ted .  

t i o n  and less fungal i n f e s t a t i o n .  

The second and t h i r d  were used f o r  longer 

The t h i r d  proved the  most accura te  because exposure 

Less exposure t o  a i r  r e s u l t s  i n  less evapora- 

Shoot growth was measured as t o t a l  l i v i n g  shoot length  ( the  sum 

of t h e  measurements of the  l i v i n g  por t ion  of t h e  leaves of each shoot ) .  

Root growth w a s  measured as the  average length  of the  longes t  roo t .  
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RESULTS AND DISCUSSION 

Ef fec t s  of I?a2Si03, Na2GeOg and Ge02 on Germination and Later Growth 

of Barley 

200 p lan t s  per  treatment were e i t h e r  1) geminated  and grown i n  

var ied  concentrations of T?a2Si0 Na2GeOg and Ge02, o r  2) germinated 

i n  water and t r ans fe r r ed  t o  I?a2Ge03 and GeOa 24 hours a f t e r  germina- 

3’ 

t ion .  

of 8 days. 

Percent germination and growth were recorded d a i l y  over a period 

Eesul t s  are recorded in Table I. (There was no increase  

i n  germination a f t e r  2 days.) 

Unlike t h e  findings of Werner (25) f o r  SecuZe cereaze and Sinupsis 

aZbu, germanium can i n h i b i t  germination of barley.  The lowest conceli- 

t r a t i o n s  of germanium used 

germination. 

t h e  same percent i n h i b i t i o n  as t h e  lowest concentration of Na GeO 

(loe4 H). Germination i n  germanium a l s o  a f f ec t ed  later growth, The 

If Na2Ge0 and 20 mg. GeOg) i nh ib i t ed  3 
The h ighes t  concentration of Na2Si0 used (lom2 M) had 3 

2 3  

shoots of p l a n t s  germinated i n  water and t r ans fe r r ed  t o  germanium 

so lu t ions  were from 1.1 to  6.5 t i m e s  longer than those germinated and 

grown i n  germanium. Spotting appeared on p lan t s  germinated i n  germaniun 

2 days before it  appeared on p l a n t s  geminated  i n  water and t r ans fe r r ed  

t o  germanium. 

The roo t s  of p l a n t s  germinated i n  2 X M Na2Ge03 had 60% 24% 

fewer roo t  h a i r s  than the  con t ro l  p l an t  roo ts  and 40% +4% fewer than 

t h e  low4 M concentration p l an t  roo ts .  A t  concentrations h igher  than 
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2 X $1, t he re  were very few r o o t  h a i r s ,  and those present  were 

one-fourth t h e  length  of t he  con t ro l  roo t  h a i r s .  Roots of p l a n t s  

germinated i n  GeOz a l s o  showed an  almost complete absence of r o o t  

h a i r s 9  with those present  one-fourth o r  less t h e  length of t h e  c o n t r o l  

r o o t  hairs, 

Tt is obvious from t h i s  experiment t h a t  germanium does i n h i b i t  

germination i n  bar ley .  

metabolism during t h e  f i r s t  s t ages  of growth. 

Germanium was imbibed by the  seeds and a f f ec t ed  
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Table I. Effects  of S i l i con  and Germanium on Germination and Later 
Growth of Barley. 

P l a n t s  germinated and grown i n  Germanium 

germination 
a t  2 days 

(2) 

4 

51 
80 
81 

89 

99 

88 
65 
87 

i d l i b i t i o n  of 
geminat ion  

(2) 

95 

46 

19 
18 
10 

0 

*ave. shoot 
length a t  8 
days (cm.) 

0.0 

0.0 
1.0 
3.0 

9.2 

9.4 

11 1.4 
14 1 .7  
12 3.7 

*ave. root  
length a t  8 
days (cm.) 

0.3 
0 .3  

1.0 

2.1 

5.8 
7 .1  

0.2 

0.2 

0.5 

P lan ts  germinated i n  water and t ransfer red  to  germanium so lu t ions  

2 x 10-3 9 3  0 6.5 3 .3  

10-3 99 0 7.4 4.2 

5 x 10-4 99 0 8.2 7.6 

2 x 10-4 99 0 8.7 10.4 

99 0 10.2 10.7 

mg. GeO2/ 
15 mZ. H20 

40 99 

30 99 

20 99 

0 6.5 4 . 9  
0 10.9 4.8 

0 11.2 5.0 

P l a n t s  germinated and grown i n  s i l i c o n  
[ ;:a2§ io3] 

99 0 8.7 3.1 
10"~ 29 0 13.1 9.9 

i f4  99 0 11.0 8.2  

"Standard Errar  equal t o  1lX of mean. 
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Effec t s  of i<a GeOg, Ge02 and Na2Si03 on Germination and Later Growth 2 
of  Wheat 

It would be expected t h a t  the  reac t ion  of wheat t o  germanium and 

s i l i c o n  would be similar t o  t h a t  of bar ley  as both are grasses and have 

a higher than average s i l i c o n  content. 

seeds per  p e t r i  d i sh  were germinated i n  varied concentrations of s i l i c o n  

and germanium. 

con t ro l  seeds germinated.) 

germanium i n h i b i t i o n  than new seed would have been. 

s i l i c o n  and germanium on t h e  germination and growth of wheat are shown 

i n  Table 11. 

Three r e p l i c a t e s  of 40 wheat 

The seed was old and less v iab le .  (Only 70% of t h e  

This may have made i t  more suscep t ib l e  t o  

The e f f e c t s  of 

O f  t he  seeds which were recorded as having germinated, 27% had no 

growth a f t e r  t h e  r a d i c l e s  had emerged 2 t o  5 mm. 

seeds t r e a t e d  with t h e  higher concentrations of germanium. Root meas- 

urements of these  seeds were included i n  the  average root  length  da ta .  

Nost of these  were 

The percent germination of wheat seeds was  sigriif i c a n t l y  reduced 

by germanium, as was a l s o  the  case with barley.  

growth were inh ib i t ed  as was the  development of roo t  h a i r s .  

p l an t s ,  however, d id  not  develop spots  on the  leaves. 

Both shoot and roo t  

The wheat 



Table X I .  E f fec ts  of S i l icon  and Germanium on Germination and Later 
Growth of Wheat. 

f 2Ja 2S io  ] germination inh ib i t i on  of ave. shoot ave. r o o t  
a t  2 days germination length a t  3 length a t  8 

€4 (XI (a days (cm.) days (cm.) 

3 

10 -2 41 20 4.7 1.9 

65 5 6.1 3.2 

67 3 7.3 3.3 

control 70 0 7 .O 3.5 

[ ih 2Ge03] 

M 

2 x ioe3 

s x 
2 x 10-4 

mg. Ge02/ 
15 m l .  Ii20 

40 

30 

20 

17 

15 

24 

39 

47 

32 

27 

34 

53 

55 

46 

31 

23 

38 

43 

46 

1 . 7  

3.9 

4.7 

5.3 

5.3 

0.6 

0.2 

0.7 

0.4 

0 . 3  

1.7 

1.4 

2.7 

0.4 

0.3 

0.2 
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Effec t s  of Na2GeQ3, Ge02 and N a  S i 0 3  on Germination and Later Growth 2 
of Cucumber 

According t o  Lewin (9,  3.1) and Werner (22, 24), germanium is a 

s p e c i f i c  i n h i b i t o r  of s i l i c o n  metabolism, 

con are inh ib i t ed  by germanium. I f  t h i s  i s  a t r u e  genera l iza t ion ,  i t  

Only p l an t s  requi r ing  sili- 

should be poss ib le  t o  determine whether 

by i ts  i n h i b i t i o n  o r  l ack  of i n h i b i t i o n  

To test t h e  s i l i c o n  requirement of 

nated and grown i n  each 

H20. 

M and 

Another 100 seeds were germinated 

an organism requi res  s i l i c o n  

i n  the  presence of germanium. 

cucumber, 100 seeds were germi- 

14 Na2GeQg and 20 mg. Ge02/15 m l  

and grown i n  loo4 &l o r  l f 3  1.1 

Na2Si03. 

were longer than 2.5 cm. 

The con t ro l  p l an t s  had an  average shoot length of 4.0 cm. and an average 

root length  of 18.0 c m .  tl and 

24 Na S i 0  grown p lan t s  was 15.7 cm. and 13.3 cm. respec t ive ly .  2 3  

Af te r  5 days, none of t he  shoots of the p lan t s  i n  germanium 

None of the  roots  were longer than 1.0 cm. 

The average shoot length  of the  

Many of t h e  p l an t s  t r e a t e d  with germanium had morphological abnormal- 

ities. There was a l a c k  of chlorophyll  and the  margins of t h e  leaves 

were s p l i t .  Tnis  ~7as not t r u e  for t h e  water c o n t r o l  o r  s i l i c o n  grown 

p lan ts .  

An attempt was made t o  precondition cucumber seeds t o  germanium 

by soaking them i n  lo-’ M o r  

na t ion  i n  germanium, 

A t  5 days the  shoot and root  lengths of germanium grown p l a n t s  were the  

M Na2SiOg for 4 hours p r i o r  t o  germi- 

The preconditioning treatment was not e f f e c t i v e .  
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same as t he  previous experiment i n  which the re  was  no preconditioning. 

The same morphological abnormalit ies were present .  Figure E shows the  

reduced growth and s p l i t  l e a f  margins which occur i n  the  presence of 

germanium 

It can be concluded from these experiments with cucumber t h a t  

germanium is not  necessar i ly  a s p e c i f i c  i n h i b i t o r  of s i l i c o n  metabo- 

l i s m .  

It can i n h i b i t  growth and cause morphological abnormalit ies i n  p l an t s  

which do not have a s p e c i f i c  requirement f o r  s i l i c o n .  

The r e s u l t s  i n d i c a t e  t h a t  germanium may be t o x i c  i n  i t s e l f .  



Preconditioning 

H2° 2 l o m 4  Ef Na2Si0 3 M N a  sio3 

[ G e l  

M N a  G e 0 3  2 

,.. . . . 

Control 

Fig. 1. Effec ts  of Germanium on Cucumber, a p lan t  which does not  
requi re  S i l icon .  P i c tu re s  w e r e  taken when p lan t s  were 5 days old.  



23 

Ef fec t s  of Na2Ge032 GeO and iJa2§i0 2 3 on Germination and Later Growth 

of Radish 

To f u r t h e r  test the  s p e c i f i c i t y  of germanium inh ib i t i on ,  rad ish  

seeds were germinated and grown i n  varied concentrations of s i l i c o n  

and germanium. 

ber experiments, p a r t i a l l y  because rad ish  is a slower growing p l an t .  

After 9 days, shoot height  increased 1 . 7  cm. i n  the  con t ro l  p l an t s ,  

1.8 cm. i n  p l an t s  grown i n  

The r e s u l t s  were not as dramatic as those of t h e  cucum- 

M i4a2Si03, and 1.1 cm.  i n  p l a n t s  grown 

i n  low4 31 i7a2Ge03 and 30 mg. Ge02/15 m l .  H2C. There were no macro- 

scopic morphological abnormalit ies i n  the  germanium grown p lan t s .  A t  

17 days t h e  germanium grown p l a n t s  were dead. 

grown i n  s i l i c o n  were 5.4 cm. long as compared t o  5.1 cm,  long i n  t h e  

c o n t r o l  p l a n t s  

Shoots of t h e  p l a n t s  

As with cucumber, s i l i c o n  d id  not appreciably increase  growth, 

but,  it was found t h a t  germanium inh ib i t ed  growth. 

Tne Ef fec t  of pH on Gemination of Barley Seeds 

Sodium germanate and sodium s i l i c a t e  i n  so lu t ion  are bas ic .  TO 

test how much pH a f f e c t s  germination of bar ley  seeds, germination i n  

b a s i c  so lu t ions  w a s  examined. 

0.01, 0.003, 0.001, 0.0003, 0.0001, 0.00003 and 0,00001 21 IiaacIII, corre- 

sponding t o  a range of pH from 9 t o  1 2 .  

i n h i b i t i o n  of germination, and a f t e r  5 days shoot growth was 80% +OX 

Percent germination was recorded €or 

A t  pH 12 t he re  w a s  a 162 rt5X 
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of t h a t  of t h e  con t ro l  p lan ts .  Shoots of p l an t s  grown a t  pH 11 aver- 

aged 0.1 em, longer than those of the  c o n t r o l  and the re  w a s  no inh ib i -  

t i o n  of germination. A t  pH less than 11 the re  was no i n h i b i t i o n  of 

germination or  growth. 

These r e s u l t s  i nd ica t e  t h a t  pH had l i t t l e  o r  no a f f e c t  on bar ley  

seed germination, s ince  the  h ighes t  concentration of NaZGeO 

2 X low3 M, corresponding t o  pH 11, and t h e  h ighes t  concentration of 

Na2Si03 used was loM2 11 corresponding t o  pH s l i g h t l y  g r e a t e r  than 11. 

used was 3 

Differences Between P lan t s  Grown i n  Oven Crys ta l s  and Vermiculite 

Both oven c r y s t a l s  and vermiculite were used as subs t r a t a  f o r  

t he  growth of p lan t s .  Oven c r y s t a l s  are p l a s t i c  and served as a sili- 

con-free substratum. Vermiculite contains n a t u r a l  s i l i c o n .  Another 

d i f fe rence  between t h e  two was water holding power. 

l i t e  w i l l  hold 50 m l .  of water from B t o  40 hours longer than oven 

c r y s t a l s  (depending on the  relative humidity). It w a s  attempted to  

keep t h e  water content of both subs t r a t a  t h e  same through watering 

p l a n t s  growing i n  oven c r y s t a l s  more often.  

A po t  of vermicu- 

There were g r e a t  d i f fe rences  i n  shoot he ight  and root  length 

between p l an t s  grown i n  the  two s u b s t r a t a ,  

show these  d i f f e rences ,  

cucumber and rad ish  i n  vermicul i te  i s  a r e s u l t  of uptake of potassium 

salts. 

Table I11 and Figure 2 

It is poss ib le  t h a t  t h e  b e t t e r  growth of 
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Table 111. Shoot and €bot Growth i n  Oven Crystals  and Vermiculite. 

Plant  Substratum 

oven c rys ta Is vermiculite 

ave. shoot ave. root  ave. shoot ave. root  
he ight  length height length 
(em. 1 (cm* 1 (cm. 1 (cm.1 

cucumber 7 . 2  3.1 10.1 10,5 

radish 4 . 3  5.3 8.7 9.7 

wheat 8 . 2  4 . 7  1 7 . 7  9 . 4  

barley 11.0 11.2 16.3 1 1 . 7  



Fig. 2 ,  Differences between p l an t s  grown i n  Oven Crystals  and Vermiculite. 
P lan ts  w e r e  10 days o ld  when photographed. 
photograph w a s  grown i n  oven c r y s t a l s ,  the  one on the  r i g h t  i n  vermiculite.  

The p l an t  i n  the  l e f t  i n  each 

Upper l e f t :  Cucumber Upper r igh t :  Radish 
Lower l e f t :  Wheat Lower r igh t :  Barley 
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Si l i con  Deficiency Symptoms i n  Barley and the  Ef fec t s  of Germanium 

I n h i b i t  i on  

S i l i c o n  deficiency symptoms i n  bar ley  were comparable t o  those 

reported by o t h e r  (15, 28). 

growth i s  reduced and the  leaves show wi l t i ng ,  withering, reduced chlo- 

rophyl l  and n e c r o t i c  spot t ing .  These e f f e c t s ,  e spec ia l ly  t h e  spo t t ing ,  

are enhanced by germanium. 

I n  t h e  absence of s i l i c o n ,  r o o t  and shoot 

The only germanium-enhanced deficiency symptom a f fec t ed  by t h e  

s u b s t r a t e  was wi l t i ng .  Spot t ing  of t h e  leavesp withering, reduced 

chlorophyll  and reduced growth were present  regard less  of t h e  subs t r a t a  

when the  p l an t s  were given germanium. 

w i l t i n g  than the re  was i n  oven c r y s t a l s .  

buted t o  t h e  g r e a t e r  water holding power of vermiculite.  

I n  vermicul i te  t h e r e  was less 

This d i f fe rence  was a t t r i - '  

I n  add i t ion  t o  r epor t s  t h a t  shoot he ight  i s  decreased, i t  was 

noted i n  t h i s  research t h a t  shoot expansion is a f f ec t ed  by both s i l i c o n  

and germanium concentration, and, a l s o  t h a t  germanium causes a l a g  i n  

t h e  development of t h e  second l e a f .  

Germanium decreases shoot expansion i n  two ways. Shoots of plants 

grown i n  germanium are i n i t i a l l y  narrower than shoots of water cont ro ls .  

Then, with the  development of spot t ing ,  t h e  shoots wi ther  decreasing 

t h e i r  i n i t i a l  shoot width. 

Germanium spo t t ing  begins at t he  t i p  of t he  f i r s t  l e a f  blade 

before the  blade has grown to  i t s  maximum height.  It then continues 
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down t o  t h e  base where the  blade emerges from the  co leop t i l e .  

upper edge of t h e  margin of t he  co leop t i l e  a l s o  turns  brown. 

sive l e a f  blades emerge a l ready  spotted.  

The 

Succes- 

Spot t ing  f i r s t  appears as patches of s l i g h t l y  l i g h t e r ,  indented 

These patches t u r n  yellow and f i n a l l y  dark brown. The brown areas. 

areas enlarge and u n i t e  forming l a r g e r  patches. 

can be seen e spec ia l ly  well a t  t h e  margins of t h e  leaves ,  

t he re  may be only a few discolored areas. 

margin is brown. 

This j o in ing  of spo t s  

A t  f i r s t  

A few days later,  the  e n t i r e  

This sequence is  sliown i n  Figure 3 .  

Sections made through spot ted  areas on l e a f  blades showed t h a t  

t he  spo t t ing  is not  a r e s u l t  of fungal a t t ack .  

were found t o  conta in  an accumulation of dark material. Immersion of 

Cells i n  spo t t ed  areas 

spot ted  blades i n  phloroglucinol i n  EC1 t o  determine i f  t he  dark mate- 

r ia l  is l i g n i n  gave negative r e s u l t s .  Spotted leaves were a l s o  t e s t e d  

with cupr ic  ch lor ide .  Under t h i s  treatment, spot ted  areas turned grey, 

i nd ica t ing  a phenolic compound was present.  

The l a g  i n  t h e  development of success ive  leaves can be explained 

Because the  t o  be a r e s u l t  of t he  reduced growth of previous leaves. 

f i r s t  leaves of p l a n t s  grown i n  germanium are shor t e r ,  narrower and 

have less chlorophyll  than con t ro l  p l an t s ,  t he re  is less area photo- 

synthes iz ing  and producing materials necessary f o r  growth. 

t h e  second leaves are delayed i n  developing. 

fere d i r e c t l y  with the  formation of sucessive leaves, 

Consequently, 

Germanium may a l s o  i n t e r -  
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Recovery from germanium i n h i b i t i o n  was successfu l ly  accomplished 

P lan t s  were germinated i n  a .5 M NaOH and i n  both s i l i c o n  and water. 

.5 M K O H  (equal p a r t s )  so lu t ion  and t r ans fe r r ed  t o  water c u l t u r e s  of 

M NaZGe03. The so lu t ions  were changed t o  14 Ha S i0  or  water 2 3  
a f t e r  2,  4 ,  o r  C days. The r e s u l t s  are shown i n  Figure 3 .  Necrotic 

spo t t ing  was a r r e s t e d  by t r a n s f e r  t o  e i t h e r  t h e  s i l i c o n  s o l u t i o n  or 

water. New leaves developing after treatment wi th  s i l i c o n  o r  water 

had no s p o t t i n g  o r  d i sco lora t ion .  

growth of t h e  p l an t s  t r ans fe r r ed  a f t e r  2 days was no t  less than t h a t  

of t h e  s i l i c o n  and water cont ro ls .  P l an t s  t r ans fe r r ed  t o  s i l i c o n  a f t e r  

4 and 6 days had 11% +3% and 23% 24% lower shoot growth respec t ive ly .  

P l an t s  t r ans fe r r ed  t o  water a f t e r  4 and 6 days had 21% k.52 and 27% C4% 

lower shoot growth respec t ive ly .  

A t  10 days, t h e  average t o t a l  shoot 

The e f f e c t s  of var ied  concentrations of germanium on bar ley  shoot 

growth are shown i n  Figure 4 ,  Plants  were geminated  i n  a -5 $1 WaOH 

and .5 N K C B  (equal pa r t s )  so lu t ion  and t r ans fe r r ed  t o  water c u l t u r e  

a f t e r  2 days of grovth. 

concentration (on t h e  t h i r d  day), second i n  the  loe2 M concentration 

(on t h e  four th  o r  f i f t h  day) and l a s t  i n  t h e  i f 4  M concentration (on 

the  e ighth  o r  n in th  day). 

concentration. 

3ecroti.c spo t t ing  appears f i r s t  i n  t h e  1.I 

Spotting was most dramatic i n  the  l o w 3  81 



Fig. 3 .  Recovery from Germanium inh ib i t i on  i n  Barley. 
P ic tures  w e r e  taken when p lan t s  w e r e  e i g h t  days old.  

Treatment from l e f t  t o  r igh t :  6 days i n  S i ,  2 days 
i n  G e  and 4 days i n  S i ,  4 days i n  G e  and 2 days i n  S i ,  
6 days i n  G e .  
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Fig .  4 .  Barley Shoot Growth under Varied Concentrations 
of Germanium. 
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The S i l i c o n  Requirement of Barley 

P lan t s  grown i n  I O m 4  $1, M and M Na2Si0 were compared 3 

with con t ro l  p l a n t s  grown i n  s i l i c a - f r e e  water t o  examine t h e  s i l i c o n  

requirement of barley.  

experiment was repeated 3 times. P lan ts  were grown i n  water cu l ture .  

The average r e s u l t s  of tile 3 experiments are shown i n  Figure 5. 

was l i t t l e  v a r i a t i o n  i n  r e s u l t s  between the  3 ind iv idua l  experiments. 

“he 

a f t e r  the  t h i r d  day of the  experiment. 

There were 10 p l a n t s  pe r  treatment and the  

There 

I4 IJa2Si03 so lu t ion  c l e a r l y  inh ib i t ed  shoot growth on and 

A t  13 days, shoot growth i n  

El Na S i 0  w a s  63% +4X t h a t  of shoot growth i n  the  con t ro l  p l an t s .  2 3  

Shoot growth i n  loe3 M and i f4 14 Na2Si03 was lo% 54% arid 3X 22% higher 

than t h a t  of the con t ro l  p l a n t s  respec t ive ly .  

It w a s  found t h a t  M Ha2Si0 was optimum f o r  roo t  growth as 

A t  1 3  days average root  length i n  t h e  con t ro l  

3 

well as shoot growth. 

so lu t ion  w a s  79% +4% of average root  length  i n  i f 3  PI i?a2Si03. 

Leaf blade expansion was also a f fec t ed  by s i l i c o n  concentration. 

The widest por t ion  of the  f i r s t  and second b lade  was measured f o r  2 1  

days, The widest measurement i s  recorded i n  Table I V .  
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Fig. 5. Barley Shoot Growth under Varied Concentrations 
of  S i l i con .  



34 

Table IV. The Effect of Si l icon on Barley Leaf Blade Expansion, 

maximum maximum 

[Na 2SiOj] of f irst  leaf meas- of second leaf meas- 

f.I (mm. 1 (days) (m.1 (days) 

leaf width age when leaf width age when 

blade ured w i d e s t  blade ured w i d e s t  

3 . 5  11 1 . 7  19 

iom3 6.5 7 4 '9 1 2  

4 .9  8 4 . 5  15 

control 5 .8  7 4 . 4  13 
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Preconditioning Barley Seeds t o  Germanium 

Barley seeds were geminated  i n  e i t h e r  M Na2Si0 o r  water. 3 
Af ter  2 days of growth, t he  seedlings were transplanted t o  water cul-  

t u r e  so lu t ions  of lom3 14 Na2Ge03. hfter 10 days of growth, t he  average 

shoot length of t he  p l an t s  germinated i n  s i l i c o n  was 18.2 cm. +6 cm. 

The average shoot length  of the  p l an t s  germinated i n  water was 17.0 cm 

C 4  cm. 

germanium with s i l i c o n .  

It was no t  poss ib le  s i g n i f i c a n t l y  t o  precondition ba r l ey  t o  

Various Forms of S i l i c o n  and Germanium 

30th  t e t r a e t h y l  o r t l i o s i l i c a t e  and sodium silicate were examined 

as sources of s i l i c o n  for barley.  

source of s i l i c o n .  

i n  growth as compared t o  p l a n t s  grown i n  t he  sa l t .  

grown i n  the  ester, 60% 413% died before t h e i r  shoot he ight  reached 

7 cm. 

tion i n  shoot he igh t  from t h e  $1 Na2Si0 cont ro l .  Te t r ae thy l  

o r t h o s i l i c a t e  is q u i t e  inso luble  i n  water making i t  d i f f i c u l t  t o  

con t ro l  concentrations.  

i s  vulnerable t o  fungal a t t a c k  and makes an exce l l en t  c u l t u r e  medium 

f o r  some fungi and a lgae .  The fungi also a t t a c k  the  roots  of p l an t s  

growing i n  t h e  so lu t ions  and a f f e c t  t h e i r  growth. 

The s a l t  proved t o  be the  b e t t e r  

P l an t s  grown i n  t h e  ester had a d r a s t i c  reduction 

Of t h e  p l a n t s  

The o the r  40% C13I grew normally except f o r  a 30% t o  37% reduc- 

3 

Another problem wi th  t h e  ester is  t h a t  i t  
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The oxide and the sodium salt of getminiurn tere used as a source 

of this element. The 

oxide is not as soluble as  the salt  and presented problems in control- 

l i ng  concentration. Hence, the s a l t  was the better form and was used 

exclusively i n  the intensive work on barley. 

30th fonns were ef fect ive  inhibitors of growth. 
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APPENDIX 

Effec t  of S i l i c a  on t h e  Growth of a Non-Lignified Aquatic -Elodea 

EZodea canadensis i s  a r ep resen ta t ive  of the  aquat ic  angiosperms 

t h a t  have l o s t  t he  capacity t o  synthesize l i gn in ,  hence are d e f i c i e n t  

i n  two v i t a l  f ea tu res  of land adaptness -water r e t en t ion  and com- 

press ion  res i s tance .  This group, an assortment of f ami l i e s  with d i f -  

f e r i n g  a f f i n i t i e s ,  c h a r a c t e r i s t i c a l l y  conta in  a s u i t a b l e  peroxidase, 

but apparently f a i l  i n  conversion of ty ros ine  and phenylalanine i n t o  

precursor cinnamic ac ids .  

By feeding high concentrations of H202 and phenylpropanoid pre- 

cursors  t o  Elodea segments, t h e i r  mechanical proper t ies  were improved,< 

but  a l l  l i v i n g  protoplasm was k i l l e d .  

As an a l t e r n a t i v e  t o  forced l i g n i f i c a t i o n ,  i t  was considered of 

i n t e r e s t  t o  t r y  s i l ica  feeding i n  aquat ic  media as means f o r  i n t r o -  

ducing supportive material i n t o  t h e  ce l l  wall. 

inary  s t u d i e s  have been c a r r i e d  out: as follows: 

Thus f a r ,  only prelim- 

Six EZodea a p i c a l  s ec t ions  l-cm. i n  length were 

placed i n  water of  ca. l-cm. depth i n  p l a s t i c  chips i n  

a polyethylene-lined vessel. 

a s i l i c a - f r e e  environment. Sections were incubated 30 

days, measured, and incubation continued f o r  two addi- 

t i o n a l  w e e k s .  

This arrangement provides 

Results were as follows a t  30 days: 



41 

length  mm II 

1. No Si02, f r e e  f l o a t i n g  22 12 

2. No Si02, anchored 23 13 

3. 10-5PI Na2Si03, free 25 15  

4. 10-5~f Na2Si03 anchored 35 25 

6 .  I O m 4 M  Na2Si03, f r e e  24 14 

7.  10-7N Na2GeOg, f r e e  24 14 

8. lo-% Na2Ge03, f r e e  20 10  

Ef fec t  of anchorage alone (2 vs 1): 1 3 / 1 2  1.085 

Ef fec t  of lo-% Na2Si03 alone (3 vs 1): / 1 2  = 1.25 

Calculated e f f e c t  of anchorage plus lO-’M NazSi03 

1 5  

(2 X 3 vs 1): 1.085 X 1.25 = 1.36 

Heasured e f f e c t  of anchorage p lus  lO-’M Na2Si03 

/ 1 2  2.03 2 5  (4 vu8 1): 

Thus, i f  t h i s  experiment is confirmed, t he re  may be a marked 

s y n e r g i s t i c  e f f e c t .  

Af t e r  an  add i t iona l  16 days, t he  water level had f a l l e n  

t o  the  p l a s t i c  substratum, A t  t h i s  t i m e ,  experimental solu- 

t i ons  could be  grouped with respec t  t o  su rv iva l  as follows: 

Alive pe r  6 apices  

0 3 4 6 

~ o - ~ M  iqa2si03 free anchored anchored lO-’M Na2Si03 

10-7M iia2Ge03 f r e e  1om5w ~ a ~ ~ i . 0 ~  
~ o - ~ M  aazsio3 

IO-% lqa2GeO3 

con t ro l  con t ro l  
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I n  add i t ion ,  it was  noted t h a t  only p l a n t s  i n  the  

anchored lO-%l  Na2SiOg had developed branching and t h a t  

4 of the  6 p l a n t s  were extended ca. 15 m above t he  water 

l i n e  

It seems most promising, therefore,  t h a t  an evolutionary (genetic) 

loss i n  l i gn i fy ing  c a p a b i l i t i e s  can be o f f s e t  i n  p a r t  a t  least by a n  

a l t e r n a t i v e  and very d i f f e r e n t  ce l l  w a l l  component, s i l i c a .  E f f o r t s  

t o  "convert" EZudga i n t o  a "land" p l an t  via t h e  s i l ica  by-pass w i l l  

b e  continued. 


