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Fern spo res  have r e c e i v e d  the a t t e n t i o n  o f  env i ronmenta l  
s c i e n t i s t s  as  a model fo r  in s i t u  m u t a g e n i c i t y  s c r een ing  
(Klekowski and Davis 1977),  fo r  p h y t o t o x i c i t y  e v a l u a t i o n  o f  
p o l l u t a n t s  ( F r a n c i s  and P e t e r s e n  1983a, b; P e t e r s e n  et  a l .  1980) 
and more r e c e n t l y  as  a e r o a l l e r g e n s  (Yasmeen et  a l .  1988, Singh 
et  a l . ,  1989).  E a r l i e r ,  the e f f e c t  of  l i n e a r  a l ~ n z e n e  su lpho-  
n a t e ,  a d e t e r g e n t  component o f  r e l e v a n c e  to water  p o l l u t i o n ,  
on the  spo res  of  Diplazium escu len tum and C e r a t o p t e r i s  t h a l i c -  
t r o i d e s  was r e p o r t e d  from t h i s  l a b o r a t o r y  (Devi and Devi,  1986; 
Singh and Devi 1989).  A r o a d s i d e  environment contamina ted  by 
cadmium, copper  and lead i s  r e p o r t e d  by Ho and Tai (1985) and 
L a r g e r w e r f f  and Specht  (1970).  Seve ra l  t e r r e s t r i a l  f e rn s  grow 
on the r o a d s i d e  or  by sewage d r a i n s  (Singh and Devi 1987).  There 
have a l s o  been r e p o r t s  r e g a r d i n g  Cd con t amina t i on  in r i c e  
growing s o i l  and sewage (Bingham et  a l .  1975; Dabin et  a l .  
1978).  C e r a t o p t e r i s  i s  a water  f e rn  known to  grow on r i c e  f i e l d s  
and con tamina ted  wa te r s  in c l o s e d  bod ie s .  S ince  Cd i s  a major  
t o x i c  p o l l u t a n t  o f  s o i l  and wa te r ,  i t s  e f f e c t  on the spore  
ge rmina t ion  and e a r l y  development o f  the 8ametophytes  of  some 
t e r r e s t r i a l ,  e p i p h y t i c  and a q u a t i c  f e rns  was compared in the  
p r e s en t  s t udy .  

M~TERIALS AND MEII-DDS 

Spores  of  a q u a t i c  ( C e r a t o p t e r i s  t h a l i c t r o i d e s  (L. )  Brogn) ,  
e p i p h y t i c  (Drynar ia  q u e r c i f o l i a  (L. )  J .  Sm.) and t e r r e s t r i a l  
( C h r i s t e l l a  p a r a s i t i c a  (L. )  Ta rd ieu ,  P t e r i s  e n s i f o r m i s  B u m . ,  
P. v i t t a t a  L . ,  T h e l y p t e r i s  augescence  (L ink . )  Munz. and John-  
s t on ,  ~ e l o p t e r i s  p r o l i f e r a  ( R e t z . )  Cope l . ,  and Adiantum lunu-  
latum Burm.) were c o l l e c t e d  from f e r t i l e  f ronds  from the g r e e n -  
house o f  the Na t iona l  B o t a n i c a l  Research  I n s t i t u t e ,  Lucknow, 
and s t o r e d  in a d e s s i c a t o r  under s t e r i l e  c o n d i t i o n s .  S o l i d  
Knop 's  median (Mi l l e r  and Greany 1979) wi th  aga r  was used fo r  
spore  c u l t u r e s .  The c u l t u r e  medium in p e t r i p l a t e s  was dosed wi th  
ca&nium c h l o r i d e  to a t t a i n  the fo l lowing  c o n c e n t r a t i o n s  o f  Cd: 
0 .0 ,  0 .1 ,  1 .0 ,  2 .5 ,  5 .0  and 10.0  ppm. One rag of  spores  was then 
s p r i n k l e d  wi th  a p i e c e  of  g l azed  paper  i n to  the  c u l t u r e  medium 
under a s c e p t i c  c o n d i t i o n s  and the p e t r i p l a t e s  were ma in t a ined  
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T a b l e  I .  P e r c e n t  s p o r e  g e r m i n a t i o n  as  a f f e c t e d  by cadmitm~ in  
d i f f e r e n t  t a x a .  

Taxa Cd c o n c e n t r a t i o n s  

C o n t r o l  .1 ppm 1 ppm 2 .5  ppm 5 ppm 10 ppm 

P. 38.81 35.74 29.63 23.27 13.87 4.63 
v i t t a t a  •  • •  •  •  •  

81.83 67.93 61.8 63.71 61.12 66.17 
•  •  5 .06 •  •  •  

91.4  79.64 66.13 43.55 11.65 6.27 
• •  •  •  •  •  

7 .73 7.73 7 .07 6.81 4 .97 4 .41 
•  •  •  •  •  

55.04 46.74 43.64 43.49 43.60 41.2 
•  •  •  •  •  •  

58.84 58.96 52.89 18.10 17.27 12.83 
• •  •  •  •  •  

52.66 55.87 38.03 32.94 20.25 6.75 
•  •  •  •  • •  

98.25 92.95 92.23 90.77 82.34 65.53 
•  •  •  •  •  •  

e .  
ens  i formi s 

g .  
Tunulatt~n 

C. 
~ h a l i c t r o i d e s  •  

T. 
a u s e s c e n c e  

D. 
q u e r c i f o l i a  

A 
p r o l i f e r a  

C. 
p a r a s i t i c a  

Each v a l u e  i s  the  a r i t h m e t i c  mean • SD. 
done in  t r i p l i c a t e ,  n= 1500. 

The e xpe r i m e n t  was 

under  s t a n d a r d  p h y s i o l o g i c a l  c o n d i t i o n s  of  25•176 16 h r s  
l i g h t / 8  h r s  d a r k  p h o t o p e r i o d ,  1600 f t  c ,  f l u o r e s c e n t  l i g h t .  
The c u l t u r e s  were run in  t r i p l i c a t e  and m a i n t a i n e d  u n t i l  
g e r m i n a t i o n .  A f t e r  d e t e m i n i n g  the  c o m p l e t i o n  o f  the  
g e r m i n a t i o n  p e r i o d  which v a r i e d  w i t h  the  s p e c i e s ,  o n l y  500 
s p o r e s  were s c o r e d  from each  p l a t e .  P e r c e n t  g e m i n a t i o n  was 
c a l c u l a t e d  fo r  each  r e p l i c a t e .  S t a t i s t i c a l  a n a l y s e s  were  done 
w i t h  the  t h r e e  s e t s  fo r  each  c o n c e n t r a t i o n  by the  S t u d e n t s  ' t '  
t e s t ,  w i t h  the  t o t a l  n~nber  o f  s p o r e s  in  each  c a s e  be ing  1 ,500 .  

For  c a l c u l a t i n  8 the  onse t  of  sex  o r g a n s ,  t he  d a t e  a t  which the  
e a r l i e s t  m a n i f e s t a t i o n  was o b s e r v e d  was t aken  a s  the  i ndex  f o r  
each  s p e c i e s .  S i n c e  the  number of  gametophy tes  formed from the  
o r i g i n a l  1500 s p o r e s  v a r i e d  from p l a t e  to  p l a t e ,  s t a t i s t i c a l  
e v a l u a t i o n  in  te rms of  the  p r o d u c t i o n  of  the  sex  o rgans  was 
not  j u s t i f i a b l e ;  t hus ,  compar i sons  were made on the  b a s i s  of  
the  d a t e  of  i n i t i a t i o n .  

RF~ULTSAND DISCUSSION 

G e m i n a t i o n  o f  s p o r e s  s t a r t e d  a f t e r  2 days  i n  C. p a r a s i t i c a ,  
3 days  in  D_:. q u e r c i f o l i a  and A__ u. p r o l i f e r a ,  5 days  in  T__ u. a u ~ e s -  
cence  and C. t h a l i c t r o i d e s ,  and 7 days  in  the  o t h e r s .  The d a t a  
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Tab le  2. Onset o f  the  deve lopment  o f  s ex  o r g a n s  in  d i f f e r e n t  
t a x a .  Va lues  r e p r e s e n t e d  in  days .  

Taxa Cd concen t  r a t  lolls  
Control~/~ .l~/~ppm 1 ~ / ~  2.5~,/~ppm 5 ~ / ~  10~/~ppm 

P. 39 39 39 39 39 60 
v i t t a t a  53 60 60 60 60 85 

P. 45 53 59 66 76 82 
e n s i f o r m i s  76 82 82 82 104 104 

A. 45 59 66 98 98 104 
Tunu la tam 92 92 92 98 98 104 

C. 18 20 x x x x 
~ h a l i c t r o i d e s  38 55 x x x x 

T. 67 67 67 67 67 67 
ausescence 55 55 58 58 58 58 

D. 65 85 85 85 103 103 
q u e r c i f o l i a  103 103 x x x x 

A. 50 50 70 x x x 
p r o l i f e r a  90 90 x x x x 

C. 44 44 44 44 49 50 
p a r a s i t i c a  34 41 41 41 48 50 

x = n i l  
Va lues  a r e  e x p r e s s e d  a s  the  f i r s t  day of  i n i t i a t i o n  o f  s ex  
o rgans  which was the  same in a l l  the  t r i p l i c a t e s  in  the  same 
group .  

on the  p e r c e n t  s p o r e  g e r m i n a t i o n  a r e  g i v e n  in  Tab l e  i .  The 
p a t t e r n  of  p e r c e n t  s p o r e  g e r m i n a t i o n  and v i a b i l i t y  in  d i f f e r e n t  
c o n c e n t r a t i o n s  o f  Cd was d i f f e r e n t  in  i n d i v i d u a l  s p e c i e s .  C. 
p a r a s l t i c a  was the  most v ~ a b l e  [98~) and _C" t h a l l c t r o i d e s  (8~] 
the  l e a s t .  In  a l l  s p e i c e s  t h e r e  was a g r a d u a l  r e d u c t i o n  in  the  
g e r m i n a t i o n  r a t e  from 2.5  ppm onwards excep t  in  P. e n s i f o r m i s  
v ~ e r e  the  r e d u c t i o n  was from c o n t r o l  to  1 .0  ppm a f t e r  which 
the  p a t t e r n  was s t e a d y .  T. au~escence  showed no s i g n i f i c a n t  
i n h i b i t i o n  in  any c o n c e n t r a t i o n .  S t i m u l a t i o n  o f  growth was 
o b s e r v e d  in  0 .1  ppmCd in  D. q u e r c i f o l i a  and A. p r o l i f e r a .  

Taking the  g e r m i n a t i o n  index  o f  the  c o n t r o l  as  I00~,  the  EC 
50 (504 d e c r e a s e  in  g e r m i n a t i o n )  was c a l c u l a t e d  by the  Trimmed 
Sperman Karber  computer  p rogram (Hami l ton  e t  a l .  1978) .  The 
v a l u e s  a r e  2 .7  ppm f o r  P. v i t t a t a ,  1 .7  f o r  A. l u n u l a t ~ a ,  .4 
fo r  C. t h a l i c t r o i d e s ,  2 . 1  fo r  D. q u e r c i f o l i a - - a n d  2 .8  f o r  A. 
p r o l i f e r a .  In  the  o t h e r  s p e c i e s  the  EC 50 v a l u e s  cou ld  not  be  
c a l c u l a t e d  becaus e  the  m o r t a l i t y  even a t  the  h i g h e s t  
c o n c e n t r a t i o n s  was below 504. 

The morphological  charc ters  of  the rh t zo ids  were a f f ec ted  in  
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All Figures x 100. 

i. C. thalictroides control showing straight rhizoids. After 15 
days .  

2. P o r t i o n  of  C. t h a l i c t r o i d e s  gametophytes .  .1 ppm Cd 
showing swol len ,  c u r l e d  r h i z o i d s .  Tha l lu s  h i g h l y  e l o n g a t e d .  
A f t e r  15 days .  

3. P. e n s i f o r m i s  c o n t r o l  t h a l l u s  showing m e r i s t e m a t i c  t i s s u e .  
A f t e r  30 days .  

4. P. e n s i f o m i s  t h a l l i  showing de layed  development a t  10 ppm 
Cd. Meristem not formed. A f t e r  30 days .  
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Figs. 5-7 x I00, 8,3 x 400 

5. P. v i t t a t a  c o n t r o l  c o r d a t e  f o r m a t i o n  and i n i t i a t i o n  of  s ex  
o rgans  ( a r r o w ) .  A f t e r  53 days .  

6. P. v i t t a t a ,  5 ppm Cd, showing bunch o f  bu lbous  c e l l s  and 
a n o t h e r  one w i th  the  apogamous s p o r o p h y t e  f o r m a t i o n  ( a r r o w ) .  
A f t e r  50 days .  

7. P. v i t t a t a  5 ppm Cd, f u l l y  d e v e l o p e d  apogamous s p o r o p h y t e  
from bunch of  bu lbous  c e l l s  showing two p a l a e a t e  h a i r s  and 
a m e r i s t e m a t i c  t i p .  A f t e r  60 days .  

8. C. t h a l i c t r o i d e s .  C o n t r o l .  S u r f a c e  v iew of  the  ma tu re  game- 
t o p h y t e  showing normal  c h l o r o p l a s t s .  A f t e r  40 days .  

9. C. t h a l i c t r o i d e s ,  2 .5  ppm Cd showing r e d u c t i o n  in  the  d e n s i t y  
o f  the  c h l o r o p l a s t s .  Note the  c l e a v a g e  (ar row)  and e l o n g a t i o n  
(doub le  a r row)  of  the  c h l o r o p l a s t .  
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many taxa .  In C. t h a l i c t r o i d e s  whi le  the r h i z o i d s  were t h i n  
and s t r a i g h t  in the  c o n t r o l  (F ig .  1) the  t r e a t e d  ones were 
swol len  and c u r l y  (F ig .  2) and o f t e n  d i s c h a r g e d  the  c o n t e n t s  
on p r e s s u r e .  C. p a r a s i t i c a ,  P. v i t t a t a  and A. lunulatum a l s o  
produced swol len ,  c u r l y  r h i z o i d s .  In g e r e r a l ,  the  t h a l l o i d  form 
of the  p r o t h a l l i  was o b t a i n e d  c o m p a r a t i v e l y  l a t e r  than the  
c o n t r o l  (Fig s . 3  & 4) in a l l  s p e c i e s .  Development o f  the  sex  
organs  was a l s o  de l ayed  in those  samples t r e a t e d  wi th  cadmit~n 
(Table 2) .  There was no a r c h e g o n i a  p r o d u c t i o n  a f t e r  1 ppm 
onwards in any c o n c e n t r a t i o n  in C. t h a l i c t r o i d e s .  A n t h e r i d i a  
fo rmat ion ,  however,  con t inued .  In P. v i t t a t a  the  gametophytes  
were almost  normal in 1 ppm as compared to the  c o n t r o l  (F ig .  
5) ,  whi le  in h i g h e r  c o n c e n t r a t i o n s ,  a f t e r  1-2 c e l l s ,  a bunch 
of  bulbous c e l l s  was d i f f e r e n t i a t e d  out of  which one c e l l  would 
become m e r i s t e m a t i c  and produce a young spo rophy te  d i r e c t l y  
from the gametophyte (Fig .  6) .  In none of  the c o n c e n t r a t i o n s ,  
however,  d id  sporophy te  fo rma t ion  c o n t i n u e  beyond the  
c y l i n d r i c a l  s t a g e  wi th  few p a l a e a t e  h a i r s  and c o n i c a l  t i p s  (Fig 
7) .  A f t e r  a t t a i n i n g  t h i s  s t a g e ,  the apogamous sporophy te  d ied  
o f f .  This type of  abnormal gametophyte  occured  in 504 of  the 
germinated  spores  in 0.1 ppm, 604 in 1 .0  ppm, 684 in 5 .0  ppm 
and 804 in  10.0 ppm Cd. The r e s t  o f  the gametophytes  e i t h e r  
developed in to  normal t h a l l o i d  s t r u c t u r e s  bea r ing  sex organs  
or  i n to  f i l amen ted ,  branched s t e r i l e  or  male t h a l l i .  

In c o n t r o l  gametophytes  the c h l o r o p l a s t s  were oval  or  c i r c u l a r  
and even ly  d i s t r i b u t e d  (Fig.  8) ,  whi le  e l o n g a t i o n  and c l eavages  
were observed  in s p a r s e l y  d i s t r i b u t e d  c h l o r o p l a s t s  in a l l  
t r e a t e d  r m t e r i a l s  (Fig .  9) .  

Above, 5 ppm Cd t h e r e  was an ev iden t  i n h i b i t i o n  of  development 
in ge rmina t ion  and gametophyte  fo rmat ion  in a l l  the taxa 
s t u d i e d .  Changes in the c h l o r o p l a s t s  s t r u c t u r e  and bulbous form 
of  c e l l s  in P. v i t t a t a  c l e a r l y  i n d i c a t e s  i n h i b i t o r y  e f f e c t s .  
The r o l e  of  p h y s i o l o g i c a l  f a c t o r s  r e s p o n s i b l e  fo r  the  low 
degree  of  ge rmina t ion  need f u r t h e r  i n v e s t i g a t i o n .  

This  s tudy  r e v e a l s  b i o l o g i c a l l y  observed  e f f e c t s  o f  Cd on the 
gametophyt ic  g e n e r a t i o n  of  f e r n s .  A compara t ive  e v a l u a t i o n  o f  
EC-50 v a l u e s  of  the 8 taxa s t u d i e d  shows tha t  the t o x i c  e f f e c t  
o f  Cd is  v a r i a b l e  at  d i f f e r e n t  c o n c e n t r a t i o n s  in d i f f e r e n t  
taxa .  I t  i s  conc luded  tha t  morpho log ica l  c h a r a c t e r s  can be 
used as a s i g n i f i c a n t  parameter  in t o x i c i t y  s t u d i e s ,  and the 
u t i l i t y  o f  fe rn  spore  ge rmina t ion  b i o a s s a y  in t o x i c i t y  t e s t i n g  
can be s t r e s s e d  as p o i n t e d  out e a r l i e r  by F r a n c i s  and P e t e r s e n  
(1983),  P e t e r s e n  e t  a l .  (1980) and Singh and Devi (1989).  
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