
Bull. Environ. Contam. Toxicol. (1992)48:138--143 
�9 1992 Springer-Verlag New York Inc. 

i S n v i r o n r n e n t a l  
C o n t a m i n a t i o n  

~and Toxicology 

Phytotoxicity of Methyl Parathion with Special Reference 
to Photosynthesis in Wheat Seedlings 

P. Moorthy, ~ T. N. Gopinandhan, ~ R. Santhanam, 2 T. Balakumar, ~ and 
P. R. Anbudurai ~ 

~Unit of Stress Physiology and Plant Biochemistry, Department of Botany, The 
American College, Madurai 625 002, India and 2Department of Biotechnology, 
Jawaharlal Nehru University, New Delhi 110 067, India 

Methyl parathion (o-o-dimethyl-o-nitrophenyl phosphorothioate), 
the most widely used organophosphorous insecticide (Fest 5977), 
i s  r e p o r t e d  to c o n s t i t u t e  334 of t he  o r g a n o p h o s p h o r o u s  
i n s e c t i c i d e s  p r o d u c e d  in I n d i a .  (A Status repor t  o 3 R & D work 
done in India by Industria#~ Toxico~og~ Research Centre, Lucknow. 
India. pp .69 ,  1978). M e t h y l  p a r a t h i o n  h a s  been  shown to i n h i b i t  
p h o t o s y s t e m  II (PSII )  e l e c t r o n  t r a n s p o r t  a c t i v i t y  ( A n b u d u r a i  
e t  a l .  1981),  d e c r e a s e  y i e l d  in l e t t u c e  (Sances  et  a l .  5981) and 
a f f e c t  p e r m e a b i l i t y  p r o p e r t i e s  of b e e t  roo t  membranes  ( A nbudur a i  
e t  a l .  1986) .  F u r t h e r ,  t h i s  h a s  a l s o  been  shown to a l t e r  t h e  
p igment  c o m p o s i t i o n  in t he  g r e e n  a lga  C h l o r e l l a  protothecoides 
( S a r o j a  and Bose 5982) .  I t s  p e r s i s t a n c e  in s o i l  cou ld  be  
h a z a r d o u s  to t h e  p l a n t  s y s t e m s .  I t  i s  to be  no ted  t h a t  r e s i d u a l  
m e t h y l  p a r a t h i o n  i s  known to p e r s i s t  in  t h e  r i c e  f i e l d s ,  w h e r e i n  
w a t e r  p e r s i s t s  t h r o u g h o u t  t he  p e r i o d  of c u l t i v a t i o n  ( A d h y a  et  a l .  
1981) .  In t h i s  c o n t e x t  i t  would be  i n t e r e s t i n g  to know abou t  t h e  
e f f e c t  of m e t h y l  p a r a t h i o n  on g e r m i n a t i o n  and p h y s i o l o g y  of c r o p  
p l a n t s  w h i c h  grow u n d e r  f l o o d e d  i r r i g a t i o n  c o n d i t i o n s .  F o r  t h e  
p r e s e n t  s t u d y  whea t  ( T r i t i c u m  v u l g a t e  L . )  s e e d l i n g s  w h i c h  
r e q u i r e  s i m i l a r  i r r i g a t i o n  c o n d i t i o n s  as  t h o s e  of r i c e  we re  chosen  
to i n v e s t i g a t e  t h e  p h y t o t o x i c i t y  of m e t h y l  p a r a t h i o n .  

MATERIALS AND METHODS 

F o r  our  e x p e r i m e n t s ,  whea t  s e e d l i n g s  we re  u s e d .  S e e d s  w e r e  
s u r f a c e  s t e r i l i z e d ,  w a t e r  s o a k e d  and then  grown (50 
s e e d s / p e t r i p l a t e  of 15 cm d i a m e t e r )  in t h e  p r e s e n c e  of v a r i o u s  
c o n c e n t r a t i o n s  of m e t h y l  p a r a t h i o n  (MP) ( 2 0 , 4 0 , 6 0 , 8 0  and 100 ~M) 
and in t he  a b s e n c e  of m e t h y l  p a r a t h i o n  ( c o n t r o l )  o v e r  t h r e e  
l a y e r s  of f i l t e r  p a p e r s  on p e t r i d i s h e s  and at  a l i g h t  i n t e n s i t y  of 
15 w/ re .2  I n i t i a l l y  30ml of r e s p e c t i v e  c o n c e n t r a t i o n s  of t he  
p e s t i c i d e  was a d d e d  to t he  e x p e r i m e n t a l  p l a n t s  and fo r  c o n t r o l  30 
ml of d i s t i l l e d  w a t e r  was a d d e d .  From t h e  second  d a y  o n w a r d s  
on ly  d i s t i l l e d  w a t e r  was a d d e d  r e g u l a r l y  to a11. 

P h o t o s y n t h e t i c  p i g m e n t s  we re  e x t r a c t e d  in 804 ace tone  and the  
c h l o r o p h y l l s  and c a r o t e n o i d s  we re  e s t i m a t e d  a c c o r d i n g  to Arnon 

Send r e p r i n t  r e q u e s t s  to P . R . A n b u d u r a i  at  t he  a b o v e  a d d r e s s .  
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Figure  1. E f fec t  of  v a r i o u s  c o n c e n t r a t i o n s  of m e t h y l  p a r a t h i o n  
[MP) on shoo t  (~  s ) and roo t  ( ~ ) 
e longa t ion  of  whea t  s e e d l i n g s .  In se t  of  t he  f i gu re  
shows  the  changes  in t h e  shoo t  b y  roo t  r a t i o  in 
m e t h y l  p a r a t h i o n  t r e a t e d  s e e d l i n g s .  

(1949) and  R i d l e y  (1977) r e s p e c t i v e l y .  T h y l a k o i d  m e m b r a n e s  
were  i s o l a t e d  f rom the  l e a v e s  of  ten d a y  o ld  s e e d l i n g s  of  
whea t  wi th  i ce  c h i l l e d  i s o l a t i o n  m i x t u r e  conta in ing  20 mM T r i s -  
HC1 pH 7 . 6 ,  5raM MgC12, 1O mM NaCl and 400 mM s o r b i t o l  by  
hand  g r i nd ing  us ing  a p e s t l e  and  m o r t a r  and the  homogena te  
was f i l t e r e d  t h r o u g h  t h r e e  l a y e r s  of c h e e s e  c lo th  and 
c e n t r i f u g e d  a t  5000xg fo r  f i v e  minutes  in a S o r v a l  RC 5B 
c e n t r i f u g e .  The  p e l l e t  was was hed  in t he  i s o l a t i o n  m i x t u r e  
once and  r e s u s p e n d e d  to a f ina l  c h l o r o p h y l l  concen t r a t i on  of  
1-2  mg/ml  in t h e  i s o l a t i o n  m i x t u r e  fo r  f u r t h e r  u se .  
P h o t o s y s t e m  11 a c t i v i t y  was m e a s u r e d  s p e c t r o p h o t o m e t r i c a l l y  
b y  DCIP ( 2 , 6 - d i c h l o r o p h e n o l  i n d o p h e n o l )  r e d u c t i o n  method a t  
590 nm in a H i t a c h i - 5 5 7  dual  w a v e l e n g t h  s p e c t r o p h o t o m e t e r ,  
a d a p t e d  for  s i d e  i l l umina t i on  of t he  s a m p l e  c u v e t t e  wi th  r e d  
a c t i n i c  l i g h t  ( > 620 nm) a t  a p h o t o n  f lux  d e n s i t y  of  650 
~ E / m - / s .  The p h o t o m u l t i p l i e r  was p r o t e c t e d  wi th  c o m i n g  CS 
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Figure 2. Effect  of va r i ous  concen t ra t ions  of me thy l  p a r a t h i o n  
(MP) on the  c h l o r o p h y l l  (~ n ) and ca ro teno id  
( = -_ ) contents  in wheat  s e e d l i n g s .  Inse t  
shows the  changes  in t he  c h l o r o p h y l l  a / b  r a t i o  
in wheat  s eed l ings  due to methy l  p a r a t h i o n  
t r ea tmen t .  

4-96 blue f i l t e r s .  The r eac t ion  mix ture  in a f inal  volume 
of 3 ml conta ined t h y l a k o i d  membranes  equ iva l en t  to 25 pg 
c h l o r o p h y l l / m l  in 20 mM Tris-HC1 pH 7.6 ,  100 mM s o r b i t o l ,  
10 mM NaC1, 5 mM MgC12, 5 mM NH4C1 and 0.05 mM DCIP. 

RESULTS AND DISCUSSION 

Methyl  p a r a t h i o n  i n h i b i t e d  the  shoot  and root  e longat ion  in 
wheat  s eed l ings  ( Fig.  1. ). I n h i b i t i o n  of shoot  and root  
e longat ion i n c r e a s e d  with inc reas ing  concen t ra t ion  of me thy l  
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Figure  3. PSII a c t i v i t y  (H20 ) DCIP) in the  i s o l a t e d  

t h y l a k o i d  membrafies of  me thy l  p a r a t h i o n  (MP) 
t r e a t e d  wheat  s e e d l i n g s .  The r a t e s  a re  
e x p r e s s e d  as pe r  cent of con t ro l .  The con t ro l  
(1004) r a t e  was 210 }]moles DCIF r educed / r ag .  
c h l o r o p h y l l / h r .  

p a r a t h i o n  t r ea tmen t .  I n h i b i t i o n  of  roo t  e longat ion  was g r e a t e r  
than  t h a t  of  shoo t  as  i n d i c a t e d  by  the  i n c r e a s e d  s h o o t / r o o t  
r a t i o  ( inse t  of  F i g . 1 . ) .  However ,  t h e r e  was a no t ab l e  
i n c r e a s e  in shoot  and root  e longat ion  at  lower  concen t ra t ion  
(20 }]M) of  me thy l  p a r a t h i o n  t r ea tmen t .  The amount of  p h o t o -  
s y n t h e t i c  p igments  ( c h l o r o p h y l l s  and c a r o t e n o i d s )  a l so  
d e c r e a s e d  in the  me thy l  p a r a t h i o n  t r e a t e d  s eed l i ngs  ( F i g . 2 . ) .  
The d e c r e a s e  in c a r o t e n o i d  content  was h i g h e r  than  tha t  of 
c h l o r o p h y l l .  The c h l o r o p h y l l  a / b  r a t i o  i n c r e a s e d  s t e a d i l y  
wi th  inc reas ing  concen t r a t ion  of  me thy l  p a r a t h i o n  t rea tment  
( inse t  of  F i g . 2 . ) .  The i n c r e a s e  in c h l o r o p h y l l  a / b  r a t i o  
sugges t s  a p o s s i b l e  d e c r e a s e  in c h l o r o p h y l l  b content  in the  
methy l  p a r a t h i o n  t r e a t e d  s e e d l i n g s .  All the  c h l o r o p h y l l  b 
a r e  known to be a s s o c i a t e d  with the  LHC (Ligh t  Harves t ing  
C h l o t o p h y l l )  ( T h o r n b e r  1975) and most of the  LHC are  known 
to be  a s s o c i a t e d  wi th  FS I I  (Melis and Anderson 1983).  Hence 
the  r e d u c t i o n  in the  amount of  c h l o r o p h y l l  b ( i n c r e a s e d  
c h l o r o p h y l l  a / b  r a t i o )  i n d i c a t e s  a d r a s t i c  r e d u c t i o n  in the  
amount of  LHC in the  c h l o r o p l a s t s  of  methy l  p a r a t h i o n  t r e a t e d  
s e e d l i n g s .  The r a t e  of  p h o t o s y s t e m  II  (PS II)  e l ec t ron  
t r a n s p o r t  a c t i v i t y  (H20 ) DCIP) in i s o l a t e d  c h l o r o p l a s t  
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membranes has  d e c r e a s e d  with inc reas ing  concen t ra t ion  of 
methyl  p a r a t h i o n  t rea tment  ( F i g . 3 . ) .  E a r l i e r  s tud i e s  wi th  
h e r b i c i d e  t r e a t e d  p l an t s  show tha t  the  r educ t i on  in the  
ca ro teno id  content  could lead to the  d e s t a b i l i s a t i o n  of LHC 
II  (P lumley  and Schmidt  1987; Dahlin 1988).  Marked d e c r e a s e  
in ca ro t eno id  content  ( F i g . 2 . )  could lead to the  d e s t a b l i s a t i o n  
of LHC II in methy l  p a r a t h i o n  t r e a t e d  s e e d l i n g s .  The no tab le  
i nc rea se  in c h l o r o p h y l l  a / b  r a t i o  ( Inse t  of  Fig .  2. ) a l so  
i n d i c a t e s  d r a s t i c  d e c r e a s e  in the  LHC content  in methy l  
p a r a t h i o n  t r e a t e d  s e e d l i n g s .  S tud ies  with c h l o r o p h y l l  b - 
l e s s  mutants  ( a l t e r e d  LHCP) (Melis and Thie len  1980) and 
h e r b i c i d e  t r e a t e d  p l an t s  (Dahlin 1988) ( lower  amount of 
p r o t e i n s  of  the  l i gh t  h a r v e s t i n g  complex  - LHC II)  suggest  
tha t  t he  LHC II  p l a y s  an impor t an t  ro l e  in the  o rgan i sa t ion  
of the  c h l o r o p l a s t  membranes and the  l i gh t  h a r v e s t i n g  
e f f i c i e n c y  of PS I I  (Lain et a l .  1983; Melis and Anderson 
1983).  T h e r e f o r e ,  i t  is  log ica l  to assume tha t  the  r educ t ion  
in the  LHC I I ,  could  be the  reason for  the  r e d u c t i o n  in the  
PS II  a c t i v i t y  in methy l  p a r a t h i o n  t r e a t e d  s e e d l i n g s .  

P r e v i o u s  s t ud i e s  with o r g a n o p h o s p h o r o u s  i n s e c t i c i d e s  h a v e  
shown tha t  t h e y  a l t e r  the  p e r m e a b i l i t y  p r o p e r t i e s  of 
e r y t h r o c y t e  membranes (Antunes-Madei ra  et a l .  1981) and the  
beet  roo t  membranes (Anbudura i  et a l .  1986).  Methyl  
p a r a t h i o n ,  the  most w ide ly  used o r g a n o p h o s p o r o u s  i n s e c t i c i d e ,  
has  been shown to b lock  the  p h o t o s y s t e m  II  a c t i v i t y  in 
i s o l a t e d  t h y l a k o i d  membranes  (Anbudura i  et a l .  1981) and 
pigment compost ion  in the  green alga C h l o r e l l a  p r o t o t h e c o i d e s  
(Saroja  and Bose 1983).  This  s t u d y  shows  tha t  wheat  
s eed l ings  grown in the  p r e s e n c e  of  me thy l  p a r a t h i o n  a r e  p rone  
to changes  in the  p r i m a r y  p r o c e s s  of  p h o t o s y n t h e s i s  ( e l ec t ron  
t r a n s p o r t  a c t i v i t y ) .  F u r t h e r  i t  can a l so  be r e a l i s e d  tha t  t h a t  
the  s t r u c t u r e  and compos i t ion  of  the  t h y l a k o i d  membranes  of 
t t he  methy l  p a r a t h i o n  t r e a t e d  p l an t s  may be s u b s t a n t i a l l y  
a l t e r e d .  F u r t h e r  s t ud i e s  on thes  l ines  may h e l p  to f ind out 
exac t  na tu re  of i n t e r ac t i on  of me thy l  p a r a t h i o n  with the  
p h o t o s y n t h e t i c  a p p a r a t u s  of h i g h e r  p l an t s  and a l so  to e l u c i d a t e  
the  s t r u c t u r e - f u n c t i o n  r e l a t i o n s h i p s  between v a r i o u s  components  
of the  t h y l a k o i d  membranes .  
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