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I N T R O D U C T I O N

V e g e t a b l e s  have an i m p ortant role in h u m a n  n u t r i t i o n  A c c o r d i n g  

to ICMR an a d u lt  individual s h o u ld  c o n s u m e  3 0 0 g of v e g e t a b l e s  per 

d ay for m e e t i n g  the n ut r it i on a l r e q u i r e m e n t s  But the a v e r a g e

c o n s u m p t i o n  is far b e l o w  t h i s  l e v e l  T h e  m a j o r  h u r d l e  in 

a c h i e v i n g  the t a r g e t s  in v e g e t a b l e  p r o d u c t i o n  is t he h e a v y  

i nc i dence of p e s ts  a nd d i s e a s e s  in f ie ld  an d sto r e

G r a n u l a r  f o r m u l a t i o n  of i n s e c t i c i d e s  a re w i d e l y  u sed for pest 

c o n t r o l  o n  a n u m b e r  of c r o p s  l i k e  v e g e t a b l e s  r i c e  m a i z e  

s u g a r c an e  b a n a n a  etc It g e n e r a l l y  a f f o r d s  p r o t e c t i o n  to the

crop from p e s t s for 4-6 weeks a f t e r  t r e a t m e n t  ( A g n i h o t r u d u  and 

M i t h y a n t h a  1978)

Among the g r a n u l a r  f o r m u l a t i o n s  c a r b o f u r a n  is w i d e l y  u se d  by the

v e g e t a b l e  g r o w e r s  b e c a u s e  of its e f f e c t i v e n e s s  in c o n t r o l l i n g  the

pests e s p e c i a l l y  the fruit flies It is r e c o m m e n d e d  a nd be i n g 

used e x t e n s i v e l y  for c o n t r o l l i n g  a n u mb e r of v e g e t a b l e  pes t s 

(Mathur ej- aj_ 1974 Kr i s h n a l a h  e_t aj_ 1976) But the p re se n t

P a c k a g e  of P r a c t i c e s  R e c o m m e n d a t i o n s  of KAU a d v o c a t e  the use of

c a r b o f u r a n  o n l y  at s e e d i n g  in v e g e t a b l e s  for c o n t r o l l i n g  v a ri o us
-fU i

pests As a g a i n s t  the f a r m e n a r e  w i d e l y  u s i n g  the chem i ca l  even
A

at the f l o w e r i n g  stage of the c r o p P r e l i m i n a r y  s t u d i e s  have  

shown that s uc h  t r e a t m e n t s  m a y  c a u s e  i n s e c t i c i d e  r e s i d u e s  as a
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s e v er e  p r o b l e m  A recent s t ud y  c o n d u c t e d  by R a j e n d r a n  and his co 

w o r k e r s  (1991) s u p p o r t e d  this fact S a m p l e s  of b i t t e r g o u r d  

brinjal an d  c u c u m b e r  c o l l e c t e d  from v e g e t a b l e  g r o w e r s  an d local 

m a r k e t s  m  T a l i p a r a m b a  a nd P a n m y o o r  r e g i o n  s h o w e d  h i g h  levels of 

c a r b o f u r a n  r e s i d u e s  R e s i d u e s  of c a r b o f u r a n  w e r e  f o u n d  to 

p e r s i s t  in c u c u m b e r  fruits a b o v e  the M R L  of 0 2 pp m u pt o  three 

w e e k s  a f t e r  a p p l i c a t i o n  ( B e e v i  e_t aj_ 1 9 9 1 a )  S o  to e n s u r e  

s af e t y to h u m a n  b e i n gs  w a i t i n g  p e r i o d s  h a v e to be f i x ed  for e a ch  

i n s e c ti c id e  u nd e r  v a r i o u s  c l i m a t i c  c o n d i t i o n s

The u n d e r s t a n d i n g  of the b e h a v i o u r  of the c h em i ca l  in the plant 

and the risk i n v o 1ved in u si ng  the i n s e c t i c i d e  at later s ta g es  of 

the c rop vill h e l p to d e v e l o p  m e t h o d s  to m i n i m i s e  the r es id u e 

h az a rd s  D e t a i l e d  s t u d i es  r e g a r d i n g  the fate of c a r b o f u r a n  in 

c u cu m b e r  p l an t s  have not been a t t e m p t e d  so far

Here in the p re s e n t s tu d y  d e t a i l e d  i n v e s t i g a t i o n s  w er e  taken up 

w ith the f o l l o w in g  o b j e c t i v e s

1 To stud} the a b s o r p t i o n  and t r a n s 1 o c a 1 1 on of c a r b o f u r a n  in VA*

plant s y s t e m  w he n  a p p l i e d  in the soil at d i f f e r e n t  g r o w i n g  

s ta g e s viz s o wi n g y i n i n g  a nd f l o w e r i n g

2 To stud> the p e r s i s t e n c e  a n d  m e t a b o l i s m  of c a r b o f u r a n  in

l e a v e s  v i n e s  a n d  f r u i t s  o f  c u c u m b e r  w h e n  a p p l i e d  at

d i f f e r e n t  g r o w t h  s t a g es



3

3 To s t u d y  the d i s t r i b u t i o n  of r e s i d u e s  in the v a r i o u s  p o r t i o n s  

of c u c u m b e r  f r u i t s

4 To s t u d y  the d e g r a d a t i o n  of r e s i d u e s  in t h e  f r u i t s  w h e n

s t o r e d  for d i f f e r e n t  d u r a t i o n s
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HI VI. IW Ol M i l  HA I UR]

A v a i l a b l e  l i t e ra t ur e  on the u p t a k e  m e t a b o l i s m  t r a n s l o c a t i o n  and 

p e r s i s t e n c e  of c a r b o f u r a n  in c r o p p l a n t s  is r e v i e w e d  h e r e u n d e r

1 1 U p t a k e  t r a n s 1o c a t i o n  and m e t a b o l i s m  of c a r b o f u r a n  in c ro p  

p l a n t s

D o r o u g h  C 1 9 6 8 ) s t u d i e d  the m e t a b o l i s m  of c a r b o f u r a n  in b e a n  

p la nt s H y d r o l y s i s  o x i d a t i o n  an d c o n j u g a t i o n  w e r e o b s e r v e d  as 

the three m ost i mp o rtant s teps in tl e m e t a b o l ic p a t h w a y  Major 

m e t a b o l i t e s  d e t e c t e d  in b ean plant w er e  3 h y d r o x y  c a r b o f u r a n  and 

c a r b o f u r a n  7 h y d r o x y  phenol

Me tea 1f and o t h e r s  ( 1968) s tudled the me t a b o 1 lsm of c a r b o f u r a n  

( F u r a d a n )  in p l a n t s  ( c o t t o n )  i n s e c t s  ( Es 1 1 rfmene a c r e a ) a n d  

m a m m a l s  T h e y  f o u n d  t h a t  c a r b o f u r a n  w a s  m e t a b o l i s e d  b y  

h y d r o x y  1 a t l o n  to 3 h y d r o x y  c a r b o f u r a n  w h i c h  w a s  s u b s e q u e n t l y  

o x i d i s e d  to 3 keto c a r b o f u r a n  The p h e n o l s  w e r e p r es e n t  e ither  

in the free s t at e or as c o n j u g a t e s  p r i n c i p a l l y  the g l u c o s i d e s  in 

tie v a r i o u s  b i ol o gi c al  s y st e ms

A s h w o r t h  a n d  S h e e t ?  ( 1 9 7 0 )  s t u d i e d  t h e  a b s o r p t i o n  a n d  

t r a n s 1 o c a t i o n  of c * 4 labe ll ed  c a r b o f u r a n  in on e m o n t h  old t ob ac co  

pl an ts  It was r e ad i l y  a b s o r b e d  from the n u t r i e n t  s o l u t i o n  and
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was c o m p l e t l y  t r a n s l o c a t e d  to the leaves w i t h o u t  a c c u m u l a t i o n  in 

the root A u t o r a d i o g r a p h y  of the f r ee z e d r i e d  p l a n t s  i n d i c a t ed  

that a c c u m u l a t i o n  was m o r e  in o ld e r  leaves than in the r e g i o n  of 

terminal bud In the c a s e of leaves l a be l le d  c a r b o u r a n  was not 

r e a d i l y  a b s o r b e d  from the n u t r i e n t  s o l u t i o n  an d e v e n w h e n  it was 

a b s o r b e d  it w a s  not t r a n s l o c a t e d  f r o m  t r e a t e d  l ea f  to o t h e r  

parts of the pi ants

K u h r  ( 1 9 7 0 )  r e p o r t e d  t h a t  t h e  m e t a b o l i c  f a t e  o f  c a r b a m a t e  

i n s e c t ic i de  was v ery s im i l a r in p l an t s a n d  ins e c ts  H y d r o l y s i s  

of c a r b a m a t e  e st er  linkage was u s u a l l y  s lo w  a n d  the o x i d a t i o n  of 

the a r o m a t i c  ring s u b s i s t u e n t s  and the c a r b a m a t e  N methyl g r o u p  

was of p ri m e i m po r t a n c e  H y d r o x l a t e d  m e t a b o l i t e s  we r e  r a p i d l y  

c o n j u g a t e d  ± n  v 1 vo

A s h w o r t h  and S h ee t s (1972 a) r e p o r t e d  that the c a r b o f u r a n  w h i c h  

had been a b s o r b e d  in to b ac c o p l a n t s  t h ro u gh  the roo t s or t h ro u g h  

the p e t i o l e s  of i s o la t ed  leaves was m e t a b o l i s e d  w i t h  a half life 

of a b o u t 4 days by p r o g r e s s i v e  h y d r o x y  1 at ion a nd o x i d a t i o n  to 

3 keto c a r b o f u r a n  All these c a r b a m a t e s  w e r e h y d r o l y s e d  to their 

c o r r e s p o n d i n g  p h e n o ls  and w er e  c o n j u g a g t e d  as their r e s p e c t i v e  

g l y c o s i d e s  3 - h y d r o x y  c a r b o f u r a n  a nd its g l y c o s i d e s  3 h y d r o x y  

c a r b o f u r a n  a nd its g l y c o s i d e s  w er e  the m a j o r m e t a b o l i t e s  found in 

the c a r b o f u r a n  t r ea t e d  t o b a cc o  p l a n t s



t o p i c a l l y  a p p l i e d  c a r b o f u r a n  in t o b a c c o  p l a n t s  w a s  m o r e  

p er s i s t e n t  due to the fact that it was not s u b j e c t e d  to plant 

m e t a b o l i s m  as a r e s u l t  of p o o r  p e n e t r a t i o n  i n t o  t h e  c u t i c l e  

(A sh w or t h and S he e ts  1972 b)

S tu di e s u s i n g Da 1 bu 1 us ma id l s (De Long a nd Wole) to find out the 

t o x i c i t y of c a r b o f u r a n  in m a i z e p l an t s w h e n  u se d  as g r a n u l e s  in 

seed f u r r o w  at s o w i n g  s h o w e d  that the t o x i c a n t  was t r a n s l o c a t e d  

to the u pp er  p o r t i o n  of the plant the c o n c e n t r a t i o n  was too low 

c o m p a r e d  to that of lower p a r t s ( Bh i r u d a nd P i t r e  1972)

Pree and S a u n d e r s  (1974) o b s e r v e d  that c a r b o f u r a n  phenol 3 keto  

c a r b o f u r a n  phenol and two u n k n o w n  m e t a b o l i t e s  w e r e p r es e nt  in 

m u g h o  p i n e  ( P i n u s  m u g h o )  in a d d i t i o n  to 3 - O H  c a r b o f u r a n  A n  

l n cr e a s e in 3 K eto P h e n o 1 in the t r e a t ed  p l a n t s  was a c c o m p a n i e d  

by d e c r e a s e d  levels of 3 OH c a r b o f u r a n

H uy nh  ejt aj_ ( 1975) s t u d i e d  the m e t a b o l i s m  of c a r b o f u r a n  in n e e  

p l a n t s  in s u n l i g h t  a n d  in l a b o r o t o r y  c o n d i t i o n s  a t  d i f f e r e n t  

t e m p e r a t u r e s  a n d  light i n t e n s i t i e s  C a r b o f u r a n  p h e n o l  3 O H  

c a r b o f u r a n  3 - K e t o  c a r b o f u r a n  and 7 u n k n o w n  m e t a b o l i t e s  were  

d e t e c e d  by thin layer c h r o m a t o g r a p h y  R a p i d  d e g r a d a t i o n  of the 

c o m po u nd  was n o t i c e d  under s u n l i g h t  or at h ig h  t e m p e r a t u r e  and 

strong light i n t e n s i t l e s



T a l e k a r  e_t a_l_ ( 1 9 7 7 )  o b s e r v e d  t h a t  a f t e r  s o i l  t r e a t m e n t  of

1a b e 11ed 14 C - c a r b o f u r a n  and 14 C p h o r a t e  b ot h  the i n s e c t i c i d e s  

were r e a d i 1y t r a n s 1 o c a t e d  to the 1 eaves of 2 w e e k s  o 1 d seed 1 ing 

of b o t h  s o y b e a n  a n d  M u n g b e a n  M e a s u r a b l e  b u t  i n s i g n i f i c a n t  

a mo u n t of radio c a r b o n  w e r e p r e s e n t  in the s ee d s of p l a n t s  g r o w n  

in tre at e d so 1 1

M o l a m e d  A l l  ( 1 9 7 8 )  r e p o r t e d  t h a t  t h e  t r a n s l o c a t i o n  a n d  

p e r s i s t e n c e  of c a r b o f u r a n  was m u c h  g r e a t e r  in the p a d d y  leaves 

than in stems and as a result there was i n c r e a se d  m o r t a l i t y  a m o n g  

the h o p p e r s  w h e n  fed on the leaves than on the stems

R o uc h a ud  ej, aj_ ( 1990) o b s e r v e d  that c a r b o f u r a n  a p p l i e d  to soils 

of c a u l i f l o w e r  b r u s s e l s  sprout and s u g a r b e e t  (at s ow i n g ) was 

a b s o r b e d  m o r e  i n t e n s i v e l y  an d for longer p e r i o d s  In the f o li a ge  

c a r b o f u r a n  was m e t a b o l i s e d  r a p i d l y  to 3 OH c a r b o f u r a n

G a y b h i y e  e_t aj_ (1991) s t u d i e d  the fate of 14 c c a r b o f u r a n  in 

model e c o s y s t e m  C a r b o f u r a n  a p p l i e d  d i r e c t l y  to m a i z e  plant 

l e a v e s  a n d  in n u t r i e n t  s o l u t i o n  w a s  s t u d i e d  U p t a k e  f r o m

nutr i e nt  s o l u t i o n  was rapid w i t h  39 3% of the a p p l i e d  a c t i v i t y
c

a b s o r b e d  by p l a n t s  w i t h i n  3 d a y s  T h e  c o n c e n t r a t i o n  of t he  

ins e c ti c id e  in s ho o ts  was less than in roots and a b o u t  4 5 - 6 0 %  of 

the resi d u es  c o n s t i t u t e d  as w a t e r  s o l u b l e  m e t a b o l i t e s  a nd their 

c o n j u g a t e s
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1 2 P e r s i s t e n c e  of c a r b o f u r a n  in d i f f e r e n t  crops  

1 2 1  Rice

Studies on the control of g r as s y  stund d i s e as e  and its vector 

Nl 1a pa r va t a 1ugens ( S t a l 1) c o nd u ct e d in IRRI M a m  la showed that 

c a rb o fu r an  a pp l i e d to rice s e ed l in g s did not persist e ff e ct i ve l y  

so as to cause s ig ni fi c an t  r e du c ti o n in d i se a s e  incidence (Anon 

1969)

A p pl i c a t i o n  of c a rb o f u r a n  3G at the rate of 0 2 Kg a i/ h a  10 days 

after sowing (nursery) p ro v ed  to be e f fe c t i v e  in c on t ro l li n g the 

stem borer incidence in the t r a n sp l at e d crop upto 20 days (Anon 

1973)

Rao and Das (1977) studied the p e r s i s t e n c e  of c a r b o f u r a n  in paddy 

when pl an te d  with seed li ng s  the roots of w h i c h was d ip pe d  in mud 

slurries c o n t a i ni n g 0 1% c a rb o f u r a n  Th ey  found that 70 and 50% 

of last instar nymphs of N i 1 a p a r v a t a  1 ugens were de ad  when they 

are exposed on plants for 24 hrs on the 11th and 20th day after 

treatment r e s p e ct i ve l y

Raju ka nn u  e_t aj. ( 1977 ) e s ti m at e d the r es id ue s  of c a rb o f u r a n  and 

p h o r a t e  in h u l l e d  g r a i n s  b r a n  a n d  s t r a w  f o l l o w i n g  s oi l  

a p p l i c a t i o n  @ 1 25 kg a i / h a  in t w o s p l i t  d o s e s  u n d e r  f l o o d e d  

c on di t i on s  in p ad d y fields G r a n u l e s  were a pp l ie d  a lo ng  the rows

wti a u U4 p p  cl w v t-1'

Residues were present in bran al s o  w hi c h  were es 1 1 m at ed  as 0 11 

ppm and 0 18 ppm for 0 75 and 1 kg a i/ ha  r e s p e c t i v e l y
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of p a d d y  p l a n t s  w i t h  5 cm w a t er  No r e s i d u e  c o u l d be d e t e c t e d  

in b ra n but r e s i d u e s  of 0 057 ppm and 0 192 p p m  w e r e  p r e s e n t  in 

h u l le d  g r a i n s  a nd s t r a w r e s p e c t i v e l y

S a i v a r a j  a n d  V e n u g o p a l  ( 1 97 7 ) e s t i m a t e d  c a r b o f u r a n  r e s i d u e s  

p re s en t  in p a d d y  h usk and s tr a w  f o l l o w i n g  two d o s e s  viz 0 75 kg 

a i / h a  a n d  1 kg a i / h a  a p p l i e d  t w i c e  a n d  t h r i c e  at 20 d a y s  

n te r v a l s  c o m m e n c i n g  from 15 or 20 d a y s  a f t e r t r a n s p l a n t a t i o n  

R e s i du e s of c a r b o f u r a n  at 0 75 kg a i / h a  w e r e 0 04 pp m  in g r ai n s  

for two r o u nd s  and 0 1 ppm for three r o un d s At 1 kg a i / h a  it 

was 0 04 ppm and 0 17 p pm for two a n d three r o u nd s  r e s p e c t i v e l y  

R e s id u es  w ere p r e s e n t  in bran a l s o  w h i c h  w er e  e s t i m a t e d  as 0 11 

ppm and 0 18 ppm for 0 75 and 1 kg a i / h a  r e s p e c t i v e l y

M o h a m e d  A l l  ( 1 9 7 8 )  s t u d i e d  t h e  p e r s i s t e n c e  o f  c a r b o f u r a n  

r e s i d u e s  in s t r a w  a n d  in g r a i n  of r i c e  p l a n t s  t r e a t e d  at  

d i f f e r e n t  s t a g e s  a f t e r  t r a n s p l a n t a t i o n  a n d  f o u n d  t h a t  t h e  

a p p l i c a t i o n  of the g r a n u l e  at 6 0  d a y s  a f t e r  t r a n s p l a n t a t i o n  

a lo ne  left r e s i d u e s  in the s tr a w

S u n d a r a r a j  (1985) s t u d i ed  the p e r s i s t e n c e  of c a r b o f u r a n  in 

p ad dy  w h e n a p p l i e d  twice in n u r s e r y  a nd o nc e  in m a i n f i e l d  (20 

DAP) for c o n t r o l l i n g  of O r s e o 1 la O r v z a e . C n a p h a l o c r o c i s  m e d i n a 1is 

and H v d r e  Ilia sp and f ound that r e s i d u e s  in s t r a w  and g r a i n  

ranged from 0 041 to 0 09 2  ppm w h i c h  was far b e l o w  the t o l e ra n ce  

1 eve 1 of 0 2 ppm
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C a r b o f u r a n  was d e t e c t e d  in all the p a d d y  f r a c t i o n s  viz p a d d y  

g r a i n  r i c e  b r a n  h u s k  a n d  s t r a w  a t  h a r v e s t  a f t e r  t w o  

a p p l i c a t i o n s  @ 1 & 2 kg a i / h a at 20 and 45 d ay s  a f t e r  p l a n t i n g  

M a x i m u m  r e s i d u e s  w e r e r e c o r d e d  in s t r a w  (0 017 and 0 057 m g / kg  

for 1 & 2 kg a i / h a  r e s p e c t i v e l y )  f o l l o w e d  by rice (0 015 and

0 035 m g / k g)  p a d d y  g r a i n  (0 015 a nd 0 027 m g / k g)  H us k  (0 010 

and 0 026 m g/ kg )  a nd b ran CO 009 and 0 021 m g / k g  r e sp e c t  l ve 1 y ) 

H ow e \ e r  the c a r b o f u r a n  r e s id u es  at h a r v e s t  r e c o r d e d  b e l o w  the 

to l er a nc e  limit of 0 2 m g / k g  in w a t e r  an d  p a d d y  f r a c t i o n  (Anon 

1990 a)

Stu di es  c a r r i e d  out at H a r y a n a  A g r i c u l t u r a l  U n i v e r s i t y  His a r  

r e ve al ed  that c a r b o f u r a n  w h e n  a p p l i e d  at the rate of 1 0 K g a i /h a  

for rice p l a nt s  at 60 d a y s  a ft er  t r a n s p l a n t i n g  was f o u nd  to be 

safe w h e r e a s  the a p p l i c a t i o n  at 80 d a y s a f t e r t r a n s p l a n t i n g  and 

60 + 80 days a f te r t r a n s p l a n t i n g  r e s u l t e d  in r e s i d u e s  in g ra i n 

a bo ve  the M RL v a 1ue (A no n  1990 b)

A s t u d y  c o i d u c t e d  at R a j e n d r a  A g r i c u l t u r a l  U n i v e r s i t y  B i h a r  

sh ow ed  that c a r b o f u r a n  r e s i d u e s  in rice g r a i n s  an d  h usk a ft e r  

g r a n u l a r  a p p l i c a t i o n  at the time of t r a n s p l a n t i n g  was b e l o w  the 

M R L  v a l u e  (0 2 m g / k g )  for b o t h  t h e  d o s e s  of 0 75 a n d  1 5 kg

a l/ ha  C A non 1990C)
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I Z A M u  I/O

C aro e_t aj. ( 1973) r e p o r t e d  that u pt o  0 14% of a p p l i e d  c a r b o f u r a n  

was a c c u m u l a t e d  in m a i z e  a m a j o r  p o r t i o n  b e i n g  3 OH c a r b o f u r a n  

and it d e c r e a s e d  s h a r p l y  b e f or e  h a r v e s t  R e s i d u e s  were m o s t l y  in 

l e a v e s  a n d  the carb*amate c o n t e n t  in t he  y i e l d  w a s  b e l o w  th e  

to 1e r a n ce  limit

M a r w a h a  and S a r u p  (1978) s t u d i e d  the level of c a r b o f u r a n  in the 

stem and in the leaves of m a i z e p l a n t s  at v a r i o u s  d e v e l o p m e n t  

s t a g e s  a n d  in g r a i n s  a t h a r v e s t  f o l l o w i n g  a s i d e  d r e s s  

a p p l i c a t i o n  of g r a n u l e s  at the rate of 1 875 kg a i / h a  to the soil

a ro u nd  the r oots w h e n the c ro p  was 15 d a y  old or w h e n  a p p l i e d

twice at 15 a nd 30 d ay s  a ft e r s o w i n g  R e s i d u e  c o n c e n t r a t i o n  of 

c a r b o f u r a n  in p l a n ts  c o l l e c t e d  at 1 5 10 15 25 a nd 35 d ay s  aft er  

t r e a t m e n t  w e r e  32 0 38 4 26 4 9 10 4 26 a n d  1 32 p p m

r e s p e c t i v e l y  an d those in s am p l e s c o l l e c t e d  at 25 and 35 days

a f t e r  s o w i n g  w e r e  16 0 a n d  9 1 p p m  r e s p e c t i v e l y  R e s i d u e s  in 

stems leaves and g r a i n  at h a rv e s t  w e re  n on d e t e c t a b l e

Sahu and A g m h o t r i  ( 1983) r e p o r t e d  that a s t ud y c a r r i e d  out in 

D e l hi  in the k h a r i f  s e a s o n  ( 1 9 7 5  7 6) s h o w e d  t h a t  c a r b o f u r a n  

a p p l i e d  as s i d e  d r e s s i n g  at 0 6 k g  a i / h a  to t h e  m a i z e  c r o p

p er s is t ed  in the soil for a bo u t 30 d ay s  in the first year and 

for 45 d ays in the s e c o nd  year T he c o r r e s p o n d i n g  r e s i d u e s  in the 

leaves s tems a nd w h o l e  p l a n t s  had f a l l e n  b e l o w  the t o l e r a nc e
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level w i t h i n  45 d a y s  The r e s i d u e s  w er e  c o n c e n t r a t e d  m a i n l y  on 

the l e av e s a n d  t h e y  w e r e  not d e t e c t a b l e  in t h e  g r a i n  s a m p l e s  

taken at g r e e n  c ob s ta g e or at h a r v e s t

R a j u k k a n n u  et. aj_ ( 1990) r e p o r t e d  that appl icat ion of c a r b o f u r a n  

to m a i z e  c r o p  at 15 & 25 d a y s a f t e r  s o w i n g  c o n t r o l l e d  the root 

lesion n e m a t o d e s  P r a t v 1e n ch u s zea and He 1 i c o t v 1e n c h u s  incisus and 

the r e s i d ue s  d id not p e rs i s t  in the g r a i n  at h a r v e s t  (105 days  

after tr e at m en t ) H o w e v e r  w h e n c a r b o f u r a n  was a p p l i e d  at the time 

of s ow i ng  and at 15 20 a nd 25 d ay s  a f t e r  s o w i n g  the r e s i d u e s  in 

g r a i n s  w e r e  0 06 a n d  0 0 84 p p m  r e s p e c t i v e l y  T h e  v a l u e s  w e r e  

b el ow  the M RL

1 2 3  S o r g h u m

G u p t a  and D e w a n (1974) a n a l y s e d  the toxic r e s i d u e s  of c a r b o f u r a n  

n s o r g h um  w h e n a p p l i e d  at the d o s e of 0 4 to 1 33 kg a i / h a  for 

c o n t r o l l i n g  s o r g h u m  shoot fly T he a p p l i c a t i o n  of the i n s e c ti c id e  

was found to be safe as it d i s s i p a t e d  fast and no b u il d up of 

toxic r e s id u es  of e it h er  p ar e nt  c o m p o u n d  or its m e t a b o l i t e s  was 

n o ti c e d  in the h a r v e s t e d  p r o d u c e  Whorl a p p l i c a t i o n  of c a r b o f u r a n  

in s o rg h u m  at 22 5 kg /ha in three split d o s e s  at 20 30 a nd 40 

days a ft er  s o w i n g  r e s u l t e d  in a r e si d u e  c o n c e n t r a t i o n  of 0 11 ppm 

in the str aw
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S n v a s t a v a  ( 1 976) r e p o r t e d  that c a r b o f u r a n  w a s  d e g r a d e d  to n o n  

d e t e c t a b l e  level in s o r g h u m  p l a n t s  a n d  in s o i l s  in 60 to 90 d a ys  

L a r g e  a m o u n t s  of i n s e c t i c i d e s  w e r e  f o u n d  in l ea ve s  a n d  s t e m s  at 

the time of h a r v e s t  a n d  s o r g h u m  g r a i n s  w e r e  a l s o  f o u n d  to c o n t a i n  

r e s i d u e s  but b e l o w  the t o l e r a n c e  limits

S n v a s t a v a  a nd  J o t w a m  ( 1977) o b s e r v e d  that c a r b o f u r a n  a p p l i e d  as 

F u r a d a n  3G  at the r a t e  of 2 3 a n d  4 g / m e t r e  r o w of s o r g h u m  c r o p  

left an  initial r e s i d u e  level of 5 6 9 a n d  10 8 p p m  r e s p e c t i v e l y  

w h i c h  was r e d u c e d  by 58 52% 75 %  a n d  61 7 5 % r e s p e c t i v e l y  w i t h i n  7

d a y s  a f t e r  t r e a t m e n t  A f t e r  30 d a y s  the e x t e n t  of r e d u c t  ion in 

the level of r e s i d u e s  w a s  a l m o s t  s i m i l a r  in all t r e a t m e n t s

R a m a m o o r  t h y  e_t a 1 ( 1 9 9 1 )  r e p o r t e d  t h a t  f o l l o w i n g  s o i l

a p p l i c a t i o n  of c a r b o f u r a n  at 1 50 or 3 0 g a i / m  of r o w  b e f o r e  

s o w i n g  s o r g h u m  that the f r e s h l y  h a r v e s t e d  s e e d s  c o n t a i n e d  0 1482- 

0 224 ppm

1 2 4  P u l s e s

Bhat t a c h a r j e e  a nd  his co w o r k e r s  ( 1 975) h a v e  a n a l y s e d  the 1 e a v e s  

an d  p od s  of s o y b e a n  at d i f f e r e n t  s t a g e s  of g r o w t h  f o l l o w i n g  soil 

a p p l i c a t i o n  of 3% g r a n u l e s  of c a r b o f u r a n  No p a r e n t  m a t e r i a l  or 

its 3 OH  m e t a b o l i t e  c o u l d  be d e t e c t e d  in the p l a n t  p a r t s  a f t e r  65 

d a y s  d u r i n g  k h a r i f  s e a s o n  a n d  a f t e r  85 d a y s  d u r i n g  s p r i n g
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H a n d a  e_t aj_ ( 1977) s t u d i e d  the r e s i d u e  l e vels in s o y b e a n  leaves 

a n d  p o d s  r e s u l t i n g  f r o m  i n s e c t i c i d e  s c h e d u l e s  i n v o l v i n g  s o i l  

a p p l i c a t i o n  of 3% g r a n u l e s  of c a r b o f u r a n  at 5 5 g e m p l o y e d  for 

the c o n t r o l  of Q p h i o m v l a  p h a s e o 1u s . M e  1a n a g r o m v z a  p h a  s e o 1 l . 

B e m e s l a  t a b a c 1 a n d  M v 11o c e r o u s  sp T h e r e  w e r e  e x c e s s i v e  r e s i d u e s  

on leaves a nd  p o d s  at 65 d a y s  H o w e v e r  the r e s i d u e  l e v el s  w e re  

safe a f t e r  80 d a y s  a n d  w e r e  u n d e t e c t a b l e  at h a r v e s t

D i k h s i t  e_t aj_ ( 1 9 8 0 )  s t u d i e d  t h e  r e s i d u e s  o f  c a r b o f u r a n  in 

s o y b e a n  c r o p  a n d  f o u n d  no r e s i d u e s  in s e e d s  or s t r a w  or h u s k s  of 

the p l a n t  at h a r v e s t

N a n d a  k u m a r  ( 1 9 8 1 )  s t u d i e d  t h e  p e r s i s t e n c e  o f  r e s i d u e s  o f  

g r a n u l a r  i n s e c t i c i d e s  in c o w p e a  p o d s  H e  r e p o r t e d  t h a t  t h e  

i n s e c t i c i d e s  n a m e l y  d i s u l f o t o n  c a r b o f u r a n  a n d  p h o r a t e  l e f t  

r e s i d u e s  in the p od s a nd  the r e s i d u e s  p e r s i s t e d  in the p l a n t s  

for a p e r i o d  of 45 d a y s  a f t e r  a p p l i c a t i o n  a n d  t h e  l e v e l  of  

c a r b o f u r a n  r e s i d u e s  in h a r v e s t e d  p o d s  r a n g e d  f r o m  0 0 6 6  to 0 127 

ppm

F a l e i r o  ejt a_L ( 1985) s t u d i e d  the d i s s i p a t i o n  of c a r b o f u r a n  and  

c a r b a r y 1 in c o w p e a  G r a n u l a r  c a r b o f u r a n  w a s a p p l i e d  at 0 5 kg 

a i / h a  at s o w i n g  a n d  r e s i d u e s  w e r e  e s t i m a t e d  in soil for 35 d a ys  

d u r i n g  k h a n f  R e s i d u e s  w e r e  d e t e c t e d  in c o w p e a  p l a n t  for 35 d a y s  

a f t e r  s o w i n g  in k h a r i f  a n d  28 d a y s  a f t e r  s o w i n g  in s u m m e r  

i r r e s p e c t i v e  of the c r o p p i n g  p a t t e r n  T h e  r e s i d u e  h al f  life a n d
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s a f e t y  i n t e r v a l  f o r  c a r b o f u r a n  w e r e  8 9 6  a n d  54  4 4  d a y s

r e s p e c t i v e 1y

Th e r e s i d u e s  of c a r b o f u r a n  in b l a c k  g r a m  g r o w n  as  s o l e  c r o p  or 

i n t e r c r o p p e d  w i t h  o t h e r  p l a n t s  a n d  in s o i l s  w e r e  s t u d i e d  in Delhi 

in 1982 f o l l o w i n g  the a p p l i c a t i o n  of the i n s e c t i c i d e  to p l o t s  at 

the d o s e  of 0 5 kg a i / h a  In s u m m e r  t h e r e  w a s  n o  d e t e c t a b l e  

r e s i d u e s  in soil u n d e r  b l a c k g r a m  In p l a n t  s a m p l e s  t h e re  was no 

d e t e c t a b l e  r e s i d u e s  left 30 d a y s  e x c e p t  in b l a c k  g r a m  g r o w n  as 

s ol e c r o p  the r e s i d u e  w a s 0 08 p p m  (Dhuri e_t a_L 1989)

A s t u d y  was c o n d u c t e d  at J a i p u r  on  the p e r s i s t e n c e  of c a r b o f u r a n  

in c h i c k p e a  a n d  a s s o c i a t e d  w e e d s  A t  t h e  l o w e r  d o s e  (1 98  k g  

a i/ h a )  the r e s i d u e s  p e r s i s t e d  u p t o  90 d a y s  in a s s o c i a t e d  w e ed  

p l a n t s  as well as in the g r e e n  p o d s  of c h i c k p e a  H o w e v e r  the 

g r a i n s  at h a r v e s t  d i d not s h o w  a n y  c a r b o f u r a n  r e s i d u e s  (A n o n  

19 9 0 d )

H a b c c b u l l a h  & Da 1a s u b r a m a n 11 an  (1991) s t u d i e d  the d i s s i p a t i o n  and  

p e r s i s t e n c e  of c e r t a i n  i n s e c t i c i d e s  on  c o w p e a  p o d s  (Var C 152) 

w h e n  a p p l i e d  at the t i m e  of s o w i n g  T h e  t e r m i n a l  r e s i d u e s  of 

c a r b o f u r a n  was 0 2 p p m  an d that of p h o r a e  w as  0 3 p p m  a n d  t h es e  

levels w e r e  h i g h  c o n s i d e r i n g  t he ir  t o l e r a n c e  l i mi t s T h e  termi na l  

r e s i d u e s  of c a r b o f u r a n  w a s  0 2 p p m  w h i c h  is t h e  s a m e  a m o u n t  

p r e s c r i b e d  as t o l e r a n c e  limit
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1 2 5 Fruit C ro p s

A r c h e r  e_t aj_ ( 1977 ) s t u d i e d  t h e  f a t e  of c a r b o f u r a n  a n d  its 

m e t a b o l i t e s  o n s t r a w b e r r i e s  D a y  N e u t r a l  T r o g a  a n d  T u f t s  

s pr a y e d  o nce w i t h  c a r b o f u r a n  ( F u r a d a n  4 f l ow a b l e )  at the rates of 

4 a n d  8 oz a i / a c r e  d u r i n g  f r u i t  m a t u r a t i o n  T h e  b e r r i e s  a n d  

le a ve s  w e r e  s a m p l e d  a n d  the r e s i d u e s  of c a r b o f u r a n  a n d  its 

m e t a b o l i t e s  w e r e  d e t e r m i n e d  The c o m b i ned r e s i d u e s  on b er ri e s 

n e v e r  e x c e e d e d  the t o l e r a n c e  l e v e l  of 0 5 p p m  n o r  d i d  t he  

c a r b a m a t e  f r a c t i o n  e x c e e d  0 2 p pm on 6 t h  d a y  a f t e r  a p p l i c a t i o n  

In s o m e  i n s t a n c e s  the a m o u n t  of t h e  m e t a b o l i t e s  3 7 d i o l  a n d  

3 oxo c a r b o f u r a n  i nc re a se d  u n t l 1 7 d a y s a f t e r  a p p 1lcat ion and

t h e n  d e c r e a s e d  in a m o u n t s  to h a r v e s t  R e d u c t i o n  of r e s i d u e s  

p r o b a b l y  r e s u l t e d  f r o m  d i l u t i o n  b y  p l a n t  g r o w t h  a n d  

v o l a t i l i s a t i o n  from p lant tissue s u r f a c e s

V a s c o n e l l o s  e_t aj_ ( 1983) r e p o r t e d  that in c o u r s e  of tests in 

o r a n g e s  C i t r us  S m e n s i s  in Rio de J a n e i r o  to control insect pe s ts  

by soil a p p l i c a t i o n  of g r a n u l a r  p r e p a r a t i o n  c o n t a i n i n g  5 % 

c a r b o f u r a n  at 4 00 300 200 and t0 0 g / t r e e  r e s p e c t l v e 1y O r a n g e

f r u i t s  a n a l y s e d  at  9 0 d a y s  a f t e r  t r e a t m e n t  c o n t a i n e d  

c a r b o f u r a n  a t 0 1 3 0 1 2 0 10 a n d  l e s s  t h a n  0 0 5  p p m

respec 1 1 v e 1y

The p e r s i s t e n c e  of c a r b o f u r a n  was s t u d i e d  in g r a p e s  at H a r y a n a  

A g r ic u lt u ra l  U n i v e r s i t y  T he r e su l t s  i n di c a t e d  that from lower
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t r e a t m e n t  (4 0 kg a i / h a )  the r e s i d u e s  v a r i e d  f r o m  n on  d e t e c t a b l e  

to 0 0 43  pp m in g r a p e  b e r r i e s  w h e r e a s  the c o r r e s p o n d i n g  f i g u r e s  

f r o m  h i g h e r  d o s e  (6 0 kg a i / h a )  v a r i e d  f r o m  n o n d e t e c t a b l e  to 

0 0 9 6  p p m  ( A n o n  1990b)

t 2 6 S w e e t  p o t a t o  a n d  g r o u n d n u t

R a j u k k a n n u  e_t aj_ ( 1 97 6 ) r e p o r t e d  t h a t  s o i l  a p p l i c a t i o n  of
i

c a r b o f u r a n  g r a n u l e s  at 1kg a i / h a  at the time of tuber f o r m a t i o n  

f o r  t h e  c o n t r o l  o f  s w e e t  p o t a t o  w e e v i l  C v l a s  f o r m i c a r i u s  

r e s u l t e d  in r e s i d u e s  u p t o  0 105 p p m  in t ub er s  w h i c h  was b e l o w  the 

FDA t o l e r a n c e  level

B a l w i n d e r  S i n g h  a n d  L a l r a  ( 1 9 9 2 )  s t u d i e d  t h e  p e r s i s t e n c e  of 

c a r b o f u r a n  in g r o u n d n u t  c r o p  T h e  r e s u l t s  i n d i c a t e d  t h a t  t h e  

c o m b i n e d  r e s i d u e s  of c a r b o f u r a n  a nd  its m e t a b o l i t e s  r e a c h e d  b e l o w  

the d e t e c t a b l e  level in g r o u n d n u t  p l a n t s  a f t e r  60  d a y s  of s o w i n g  

T o t a l  c a r b o f u r a n  r e s i d u e s  r e m a i n e d  b e l o w  M R L  (0 l m g / k g )  in 

g r o u n d  i u t k e r n a l s  at h a r v e s t

1 2 7  V e g e t a b l e s

F i n l a y s o n  e^. a_L ( 1976) r e p o r t e d  that in c a r r o t  the c a r b o f u r a n  

r e s i d u e s  w e r e  d e t e c t e d  in h i g h e r  q u a n t i t i e s  in the peel t h a n in 

the p u l p  T h e  a c c u m u l a t i o n  of r e s i d u e s  w e r e  m o r e  in t h e  t o p
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p o r t i o n  t h a n  in the l o w e r  p o r t i o n  of  c a r r o t  R e s i d u e  l e v e l s  

i n c r e as e d w i t h  h i g h e r  r a t e s  a nd  n u m b e r  of a p p l i c a t i o n

M i t h y a n t h a  e_t aj_ ( 1977 ) a n a l y s e d  t h e  b r i n j a l  p l a n t s  f o r  its 

c a r b o f u r a n  r e s i d u e s  h a r v e s t e d  at  7 21 37 52  & 75  d a y s  a f t e r

t r e a t m e n t  w i t h  1 3 a n d  l O g / p l a n t  ( c o r r e s p o n d i n g  to 0 26 0 78

a n d  2 61 kg a i / a c r e )  O n  the 7 t h d a y  the r e s i d u e s  v a r i e d  b e t w e e n  

0 088 to 0 171 pp m a n d  it d e c r e a s e d  to 0 0 2 7  p p m  a f t e r  75 d a y s

It was f o u n d that b o i l i n g  the f r u it  in salt w a t e r  r e m o v e d  large

port ions of the r e s i d u e

Kr l s h n a m o o r t h y  e_t a_l_ ( 1 9 7 8 ) r e p o r t e d  t h a t  a p p l i c a t i o n  of 

c a r b o f u r a n  at 0 5 kg a i / h a  at s o w  i n g / p  1 a nt  i ng of p e a s  o k r a  a n d  

s w ee t  p o t a t o  w e r e  s af e  to a v o i d  r e s i d u e s  in f r u i t s

C a r b o f u r a n  a n d  a l d i c a r b  w e r e  a p p l i e d  to t h e  s o i l  in b a n d  

t r e a t m e n t  at 1 25 kg t o x i c a n t / h a  at the t im e of fruit set in 

c h i l l i e s  C h i l l i e s  w e r e  h a r v e s t e d  at f o r t n i g h t l y  i n t e r v a l s  until

t h e  f r u i t s  r e m a i n i n g  o n  t h e  p l a n t  w e r e  r i p e  a n d  r e d  T h e

i n s e c t i c i d e s  a l m o s t  c l e a r e d  the c r o p  p e s t s  w i t h i n  8 d a y s  but left 

r e s i d u e s  so h i g h  as to m a k e  c h i l l i e s  h a r v e s t e d  u p t o  45 d a y s  a f t e r  

a p p l i c a t i o n  u n f i t  f or  h u m a n  c o n s u m p t i o n  A f t e r  6 0  d a y s  t h e  

r e s i d u e s  d r o p p e d  to v e r y  low or u n d e t e c t a b l e  l e v e l s  T h e s e  

r e s ul ts  i n d i c a t e d  that o n l y  r i p e  red c h i l l i e s  a n d  not g r e e n  one s  

c o u l d  be h a r v e s t e d  a f t e r  soil t r e a t m e n t  w i t h  c a r b o f u r a n  o r  

a l d i c a r b  g r a n u l e s  ( R a j u k a n n u  e_t aj_ 1978))
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F o l l o w i n g  g r a n u l a r  a p p l i c a t i o n  of  c a r b o f u r a n  to t h e  s o i l  in 

r a d i s h  p l o t s  at 0 5 a nd  1 0 kg a i / h a  at t r a n s p l a n t i n g  to 45 d a ys  

o l d  c r o p  c a r b o f u r a n  r e s i d u e s  d e g r a d e d  to s a f e  l e v e l s  in t h e  

e d i b l e  part of the p l a n t  w i t h i n  45 d a y s  H o w e v e r  the g r e e n  p ods  

w e r e  f ou n d to c o n t a i n  t ox i c levels of c a r b o f u r a n  r e s i d u e s  w he n  

h a r v e s t e d  at 70 d a y s  a f t e r  t r e a t m e n t  ( A w a s t h i  a n d  A n a n d  1987)

A s t u d y  w a s  c o n d u c t e d  to a s s e s s  t h e  c o n t a m i n a t i o n  of  b i t t e r  

g o u r d  f r u i t s  d u e  to t h e  a p p l i c a t i o i  o f  c a r b o f u r a n  a t  t h e  

f l o w e r i n g  s t a g e  T h e  r e s u l t s  s h o w e d  t h a t  w h e n  c a r b o f u r a n  w a s  

a p p l i e d  at 0 5 kg a i / h a  the r e s i d u e s  in m a t u r e  f r u i t s  h a r v e s t e d

at 1 3 a n d  7 d a y s  a f t e r  t r e a t m e n t  w e r e  5 6 a n d  5 t i m es  a b o v e  the

M R L  and w h e n  a p p  1 led at 1 0 kg ai / ha it w as  7 7 a n d  6 t imes

r e s p e c t i v e l y  Th e r e s i d u e s  r e a c h e d  b e l o w  the M R L  of 0 2 p p m  in 21

and 22 d a y s  w h e n  a p p l i e d  at 0 5 a n d 1 0 kg a i / h a  r e s p e c t i v e l y  

T h e  e f f e c t  of c o o k i n g  r e d u c e d  t h e  r e s i d u e  c o n t e n t  b y  33 3 4 %  

H o w e v e r  the r e s i d u e s  in m a t u r e  f r u i t s  w e r e  not d e t e c t a b l e  w h e n  

the c r o p  w a s  t r e a t e d  w i t h  c a r b o f u r a n  at  t h e  t i m e  of  s o w i n g  

(Boevi e_t aj_ 1991b)

Beevi e_t ad. ( 1 99 1a )  r e p o r t e d  that the r e s i d u e s  of c a r b o f u r a n  

w e r e  found to p e r s i s t  in c u c u m b e r  f r u i t s  a b o v e  the M R L  of 0 2 p pm  

u pt o 3 w e e k s  a f t e r  the a p p l i c a t i o n  No d e t e c t a b l e  r e s i d u e s  w e re  

p r e s e n t  w h e n  t r e a t e d  at the time of s o w i n g  but w h e n  a p p l i e d  at 

the f l o w e r i n g  s t a g e  m a x i m u m  r e s i d u e s  w e r e  s e e n  on the t h ir d d a y
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a f t e r  t r e a t m e n t  t h e  v a l u e s  b e i n g  2 88 a n d  3 38 m g / k g  

re sp ec t i ve l y for 0 5 and 1 5 kg a i/ ha  w hi c h re ac h ed  below the 

m a x im u m residue limit in 23 days

Misra and D ik shit (1991) r ep o r te d  that w h e n  c a r b o f u r a n  at 1 0 and 

1 5 kg ai/ha was a p p l i ed  to the soil of p o ta t o  cr o p the residues 

in u n p r o c es s ed  p o ta t o es  p e r s is t ed  a b o ve  the t o le r a n ce  limit of 

0 5 p pm  for up to 118 d a y s  a f t e r  p l a n t i n g  T h e  r e s i d u e s  of

insecticide in p r o c e ss e d p o t a t oe s  or water o b t a i n e d  aft e r  c o o k in g  

were below the tole r a nc e  limit

In a very recent surv ey  c o nd uc t ed  by R a je n d a n  and his co w or kers 

( 1 9 9 1 )  t h e  s a m p l e s  of b i t t e r g o u r d  b r i n j a l  a n d  c u c u m b e r  

c ollected from v e g e t a b l e  g r o w e rs  and local m a r k e ts  in T a l i p a r a m b a  

and Pann iy o or  regi on  showed higher  levels of c a r b o f u r a n  residues

1 2 8  Betel Vine

C a r bo f ur a n 3G wh en  a pp l ie d  to one year old betel vine (Piper 

b e 1 1e ) at 0 5 a n d  1 0 kg a i / h a  r e s i d u e s  w e r e  n o n  d e t e c t a b l e  

after 41 days and half life v a lu e s  for 0 5 and 1 0 kg a i / h a  were

6 and 7 days r e s p e c t i v e l y  The time of residues to reach safe

for human use was 12 and 15 days (R a ju k an n u et. aj_ 1988)

Ca r b of u ra n  when a p p l i e d  at 1 and 2 kg a i / h a  in single a p p l i c a t i o n  

on first year betel vine crop the m a x i m u m  residues r e corded were
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1 157 and 1 587 m g / k g  r e s p e c t i v e l y  at 10 d a y s a f t e r  a p p l i c a t i o n

w h i c h got d i s s i p a t e d  to 99 96% in 60 d a y s a f t e r  a p p l i c a t i o n  The 

time r e q ui r ed  to d i s s i p a t e  the chemi c al  to b e l o w  the t o l er a nc e  

limit of 0 2 m g k g ~ A w a s  33 09 a n d  4 0 78 d a y s  r e s p e c t i v e l y  

(Anon 1990a)

A s tu d y c o n d u c t e d  at Jo r ha t  in betel v in e  c r o p  s h ow e d that the 

r es i d u e  levels on the leaves of betel v i n e w e r e  0 608 0 221

0 0 7 3  0 0 4 5  a n d  0 0 0 2  p p m  a t  2 0  3 0  4 0  5 0  a n d  6 0  d a y s

r e s p e c t i v e l y  a f t e r  a p p l i c a t i o n  of the i n s e c t i c i d e  at 1 kg a i / h a  

In c a s e  of 2 kg a i / h a  the r e s i d u e s  w e r e  f o u n d  to b e  1 0 0 6  

0 031 0 184 0 121 a n d  0 0 2 7  p p m  at 20 3 0  4 0 5 0 a n d  6 0  d a y s

r e s p e c t i v e l y  (Anon 1990e)

1 2 9  O t h e r  C r o p s

In c o a s t a l  b e r m u d a  g r a s s  the r e s i d u e s  of c a r b o f u r a n  a n d  its 

s u b s t i t u t e d  f u r a n o l  d i s s i p a t e d  to n o n  d e t e c t a b l e  l e v e l  in 14 

d a y s  w h e n  a p p l i e d  a t  1 l b / a c r e  H o w e v e r  t h e  r e s i d u e s  of 

c a r b o f u r a n  were found to be r e l a t i v e l y  s t a b l e  in coastal b e rm u da  

g ra ss  s il ag e  s t or e d for 30 d a y s (Levek e_t aj_ 1968)

Shaw e_t aj_ ( 1969) e s t i m a t e d  the r e s i d u e s  of c a r b o f u r a n  and 3 OH  

c a r b o f u r a n  in a l f a l f a  f o l l o w i n g  s p r a y  a p p l i c a t i o n s  of 0 5 and 1 

lb toxicant per a cr e  A f t er  21 d ay s  of the fo li a r s pr a ys  to the
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f i r s t  c r o p  l u c e r n e  t h e  r e s i d u e s  o f  c a r b o f u r a n  a n d  3 O H  

c a r b o f u r a n  w e r e  n o n d e t e c t a b  1 e a nd  0 55 p p m  for the first d o s e  

w h e r e a s  it w a s  0 2 p p m  a n d  1 6 p p m  f o r  t h e  s e c o n d  d o s e  T h e  

r e s i d u e s  of c a r b o f u r a n  a n d  3 OH  c a r b o f u r a n  for 0 5 l b / a c r e  w e r e  

0 2 pp m a nd  0 1 p pm  a n d  for 1 l b / a c r e  c o r r e s p o n d i n g  v a l u e s  w e r e  

0 2 p p m an d  4 4 p p m r e s p e c t i v e l y

F a h e y  ejt aj_ ( 1 9 7 0 )  r e p o r t e d  t h a t  t r i a l s  c a r r i e d  o u t  u s i n g  

e m u l s i o n  s p r a y s  of c a r b o f u r a n  0 516 a n d  1 lb t o x i c a n t  in 20 US 

g a l / a c r e  r e s u l t e d  in r e s i d u e  l e v e l s  of  48 p p m  a n d  1 3 6  p p m  

r e s p e c t i v e l y  on g r e e n  l u c er n e on  the d a t e  of t r e a t m e n t  a n d  the 

r e s i d u e s  w e r e  less than 0 2 p p m  a f t e r  14 d a y s  A p p l i c a t i o n  of 

c a r b o f u r a n  g r a n u l e s  at 0 66 l b / a c r e  in 12 b a n d  or at 0 5 l b / a c r e  

b r o a d c a s  t b e f o r e  p l a n t i n g  foil o w e d  by 3 s p r a y  a p p l i c a t i o n  at the 

r a t e  of 1 l b / a c r e  in 100 gal of w a t e r  at t w o  w e e k s  i n t e r v a l  

r e s u l t e d  in r e s i d u e  c o n c e n t r a t i o n  of c a r b o f u r a n  up  to 0 2 p p m  in 

t r e a t e d  p l o t s  a n d 0 1 p pm  in u n t r e a t e d  p l o t s

Pree a n d  S a u n d e r s  (1974) r e p o r t e d  that the a n a l y s i s  of f o l i a g e  

a n d  b u d s  f r o m  m u g h o  p i n e  ( P i n u  s m u g h o ) g r o w n  in c a r b o f u r a n  

t r e a t e d  s o i l s  s h o w e d  that a p p l i c a t i o n  of 2 g / t r e e  p r o d u c e d  a p e a k  

c o n c e n t r a t i o n  of 2 8 3 p p m  an d I g / t r ee  a n d  0 4 g / t r e e  p r o d u c e d  106 

p p m  a n d  36 p p m  r e s p e c t i v e l y  T h e  p r e s e n c e  of  t o x i c a n t  c a n  be 

d e t e c t e d  w i t h i n  o ne  w e e k  a n d  c o n c e n t r a t i o n  i n c r e a s e d  for 60 90 

d a y s  b e f o r e  d e c l i n i n g  A c t i v e  r e s i d u e s  p e r s i s t e d  for at least 2 

y e a rs



A r c h e r  and E n g e b r e s t o n  (1988) i n v e s t i g a t e d  t h e  r e s i d u e s  of 

c a r b o f u r a n  a n d its m e t a b o l i t e s  in g r e e n  a n d  d r y  h o p s  by g a s  

c h ro m a t o g r a p h y  C a rb o f u r a n  was a p p l ie d  at 1 12 kg ai/ha for the 

control of O t l o r h v c n h u s  S u 1 catus and Q t 1 o r h v c n h u s  ovat u s  In all 

the cases and g re en  and treated hop cones al so  had r es idues of 

less than 0 05 ppm Dry treated hop cones c o n t a i n e d  <0 05 ppm of 

all chem ic al s  except 3 keto 7 phenol (0 12 ppm) and 3 7 diol 

(0 07 ppm) The residues were below the t o l er a nc e  limit
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M A T ER I AL S  A N D  M E T H O D S  

2 I Lay out ard P l anting

An e xp eriment was laid out in the v e g e t a bl e  o r c h ar d  a tt a c he d  to the 

Instructional F a r m College of A g r i c u l t u r e  Vellayani, duri n g  - 

August 1992 to study the pattern of absorption, t r a n s l o ca t io n  

m et ab o l is m  and p er si st e nc e  of c ar bo f u ra n  in c u c cu m be r  The 

e xp eriment whs laid out m  3 x 2+1 fact o r ia l  desi gn  using the 

variety 'Mudicode local' Ca rb of u ra n  as fu ra da n  3G was ap pl ie d  at 

two doses, s e v e n  days after g er mi na t io n  at 0 5 and 1 5Kg ai/ha at 

three times viz s o w i n g ,vining (30 DAP) and flow e r in g  stage (60 D A P ) 

of the crop There were three plan t s  m  each pit and twel v e  such 

pits where there in each treatment Lach t r e a t m en t  was r e p l ic a te d  

thrice and untreated plots served as co n t ro l  To m i ni m i s e  the 

chances of co nt am i na t io n  among plots in the field experiment, 

strong bunds and buffer plots were p r ov i d e d  All the cultural 

operations excluding the plant p r o te c t io n  m e a s u re s  we r e  f ol l o we d  as 

per pa ck ag e  of Practices R e c o m m e n da t i o n s  of KAU (1989) The 

weather conditions pr ev ai l in g  duri ng  the e x p e r im e nt a l p er io d  and 

the physical and chemical pr op er t ie s  of the soil are f ur ni s he d  

bel ow

2 2 Weather elements

Average rainfall —  - 58 m m

Maximum Temper at ur e  —  - 30° C
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o
Minimum temperature 22 C

2 3 Physical properties

Soil type Lateritic red loam

Course sand 46%

Fine sand 22%

Silt 4 8%

Clay 25%

2 4 Chemical properties

pH 4 8

Organic matter f 56%

Total Soluble salts (E C) Trace
1

Cation exchange capacity 6 cmol(p+)kg 

2 5 A p p Ii cation of the insecticide

Furadan 3G formulation of Carbofuran supplied by M/s Rallis

India Ltd Bombay was used The insecticide required for each
/"<

plot was weighed out at each time mixed with an equal quantity 

of dry sand and the insecticide sand mixture was applied 

uniformly m  the plots by broadcasting
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2 6 C o ll e c t i o n  of Samolej-

Samples of 1 eaves vines and fruits (when aval 1able) were  

c oll e ct e d on 1 3 7 14 21 and 28J/fi day after a p p l i c a t i o n  of the 

i ns e c t ic i de  fr o m the t r ea t ed  and the control p lo t s Sa m pl e s were  

c ol le ct ed  m  p ap er  bags and i m me d i a t e l y  b ro u g h t to the labor at o ry

for p r o c e s s i n g  The fruit par ts  like peel p u l p  p l a c en t a and

inner flesh we re  s u bj e c t e d  to a na l y si s  s e p a r a t e l y  to e s t i m at e  the 

residues in these p or ti on s  of the fruit In order to study the

d i st r i b u t i o n  of r es idues in the basal m i d d l e  and distal por t i on s

of the fruit these p or t io n s we r e  also a n a l y s e d  s e p a r a t e l y

The d e g r a d a t i o n  of c a rb o f u r a n  in fruits s t or e d  under 

r e f r i ge r at i on  for d i ff e re n t d u ra t io n s ( 0 1 4 5 7 & 1 0  d a y s ) w e re- 

also s tu d i e d by e s ti m a t i n g  the r es id u es  in the sa mp l es  s to r e d for 

the above d u r a t i o n ^

2 7 A na ly si s  of the sample

2 7 1  E x t r a c t i o n

T we nt y  five g r a m each of the finel y c h op p e d  m a t erial (leaf 

vine & fruit) was taken in a 500ml conical flask T hr ee  h un dred  

ml of 0 25N HC1 was added and the f 1 ask was c o nn e c t e d  to a 

leibig c o nd en s er  and r ef l ux e d the m i x t u r e  on a h e at i n g  m a nt l e  for
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one hour with occasional swirling of the flask by hand At the

expiry of this period the condenser was disconnected and the hot
£

sample was filtered through glass wool in to a 1000ml £rlenmeyer 

flask The condenser flask and the cotton wool were washed with 

an additional 150ml of hot 0 25 N HCl The filtrate and the 

washings were pooled and allowed to cool for one hour

The HCl extract was then transferred to a one litre 

separatory funnel About 0 25g of sodium lauryl sulphate was 

added and mixed well This aqueous phase was extracted thrice 

each with 50ml portions of thrfi redistilled dichioromethane The 

lower dichloromethane extract was drawn out and was passed 

through a layer of anhydrous sodium sulphate kept over a funnel 

with a glass wool pad in order to remove any water droplets
Utt t

present The dichloromethane extract* was combined and transferred 

to a Kuderna Danish evaporative concentrator The extract was 

concentrated on a water bath to about 10ml

2 7 2  Clean u p

A chromatographic column was prepared m  the following order 

m  distinct 1ayers a 1ayer of glasswool lg of anhydrous sodium 

sulphate lOg activated alumina lOg of silicagel and 2g of 

anhydrous sodium sulphate The column was washed with 50ml of
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methylene chloride without allowing the solvent to fall below the 

upper layer of the absorbent packing The concentrated extract 

was slowly poured into the column followed by three washings with 

XOml portions of methylene chloride When the last liquid was 

percol ated into the column 100ml of diethyl ether and 

dichloromethane (2 1) was added and the elute was collected at 

the rate of 2ml per minute Three drops of propylene glycol was 

added and the elu^te was evaporated to almost dryness m  Kuderna 

Danish evaporative concentrator

2 7 3  Estimation bv gas chromatographic method

Principle The Carbofuran residue m  the extract after clean up 

was hydrolised under alkaline conditions to its phenol and was 

d e n v a t i s e d  to its 2 4 dinitro benzene The derivative was
cextracted m  n hexane and estimated by gas chromatograph using 

an Electron capture d e t e c t o r (ECD)

2 7 4  Reagents 

Phosphate buffer

Phosphate buffer of pH 11 was prepared by dissolving 25g jof

Na HPo in 2480 ml of distilled water and adding 20ml of 1M NaoH 
2 4

solution to the above with thorough mixing
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Reactant
The reactant was prepared by dissolving 1 Og of 1 Fluoro 2 4 

d i m t r o  benzene in 100 ml of acetone

2 7 5 Denvatization
The residue obtained i n pthe cleanup was dissolved in 3 ml of

the reactant solution and transferred quantitatively to stoppered
25mmxl90mm test tubes Fifteen ml of the buffer solution was

o
added mixed well and kept in a water bath maintained at 50 C for 
30 minutes The mixture was cooled and transferred to a 125ml 
separating funnel The mixture was extracted thrice with 25ml 
portions of n hexane and the hexane extracts were pooled

2 8 Gas Chromatrographic conditions
A Gas Chromatograph Chemito model 3865 equipped with an 

electron capture detector was operated under the following 
parameters
Column glass 60cm long and 4mm id packed with 5% OV 210

o
Column oven temperature 230 C

o
Injection port temperature 245 C

o
Detector temperature 280 C
Gas flow rate Nitrogen 60ml/mts
Recorder chart speed lcm/min
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2 9 E s t i m a t i o n

Tw o ul of t h e h e x a n e  e x t r a c t  of t h e d e r i v a t i v e  w as  i n j e c t e d  

i n t o  the ga s c h r o m a t o g r a p h  T h e  p e a k  for c a r b o f u r a n  an d its 

m e t a b o l i t e s  w e r e  i d e n t i f i e d  b a s e d  on the r e t e n t i o n  t i m e  an d  the 

a r e a  wa s m e a s u r e d  T h e  c o n t e n t s  w e r e  d e t e r m i n e d  by c o m p a r i n g  the 

r e s p o n s e  for a k n o w n  s t a n d a r d  of s i m i l a r  c o n c e n t r a t i o n

C a 1c u l a t i o n

R e s i d u e s  (mg/kg) in  t e r m s  of ug

P ea k  h e i g h t  of the s a m p l e  Q u a n t l t y  of s t a n d a r d
i n j e c t e d  (ng)

X

P e a k  h e i g h t  of s t a n d a r d V o l u m e  of th e s a m p l e  i n j e c

F inal v o l u m e  of the s a m p l e  (ml) 100
X X

W e i g h t  of the s a m p l e  (g) P e r c e n t  m e a n  r e c o v e r y
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Recovery

Twenty five gram each of the chopped leaves vines and 

fruits were fortified with 40 60 & 80 ul each of pure

carbofuran 3 OH carbofuran and 3 keto carbofuran and kept over

night The samples were then blended and extracted The 

insecticides in the extracts were estimated following the same
^ e«a/IWff/j4method used as the case of samples The average percent
/\

recoveries from plant samples fortified with 3 hydroxy

carbofuran and 3 ketocarbofuran fortified with 1 0 mg/kg were

84 81 and 86 percent for carbofuran 3 hydroxy carbofuran and

3 keto carbofuran respectively The limit of detection was 

0 5mg/kg for carbofuran 3 hydroxy carbofuran and 3 keto 

carbofuran



RESULTS
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R E S U L T S

3 L A b s o r p t  ton a n d  M e  t a b o  1 i sm of c a r b o f  u r a n  l n t h e  1 e a v e s  of

c u c u m b e r  pI a nt s  w h e n  a p p 1led at s o w i n g

The n a t u r e  an d  level of c a r b o f u r a n  r e s i d u e s  f o un d  in the leaves 

of c u c u m b e r  w hen a p p l i e d  at 0 5 and 1 5 kg a i / h a  at s o w i n g  are

g i v e n  in T a b l e  -1 The r e s ul t s i n d i c a t e d  that the a b s o r p t i o n  and

m e t a b o l i s m  of c a r b o f u r a n  was i n i t i at e d on the first d a y  aft e r 

t re a t me n t as e v i d e n c e d  by the p r e s e n c e  of the m e t a b o l i t e s  Viz 3 

OH c a r b o f u r a n  a n d  3 k e t o  c a r b o f u r a n  a l o n g  w i t h  t h e  p a r e n t  

c o m p o u n d  pure c a r b o f u r a n  The p ar e nt  c o m p o u n d  w as p r e s e n t  in the 

leaves u pto 21 d ays a f t e r  t r ea t me n t (DAT) w h e n  a p p l i e d  at 0 5 kg 

a i / ha at one w e e k  a f t er  s o w i ng But w h e n  a p p 1 led at 1 5 kg a l / h a  

the p r e s e n c e  was n o t i c e d  u pto 28 DAI M a x i m u m  r e s i d u e s  of pure 

c a r b o f u r a n  was s e e n  on the first d ay a f t e r a p p l i c a t i o n  the v a l ue

b e i n g 0 194 m g / k g  for the lower d o s e  w h i c h  got r e d u c ed  to 0 017

m g / k g  b y  t h e  2 1 s t  d a y  a f t e r  t r e a t m e n t  T h e  p l a n t  s a m p l e  

c o l l e c t e d  at 28 D A T  did not s how the p r e s e n c e  of a n y  r e s i d u e s  of

c a r b o f u r a n  W h e n  a p p l i e d  at 1 5 kg a i / h a  the initial level of

pure c a r b o f u r a n  was 0 144 m g / k g  and it was r e d u c e d  to 0 022 m g /k g

by the 28th d a y  a f t e r t r e a t me n t



Table 1 Residues of carbofuran and its metabolites in the leaves of 
cucumber plants treated in the field at sowing

mean level of residues(mg/kg)

Days after 

treatment

Pure

carbofuran

3 OH 

carbofuran

3 keto 

carbofuran

Total

carbofuran

1 0 194

0 5 kg ai / ha

0 266 0 152 0611
(-*•0 009) (+0 W )) (+0 020) (+0 055)

3 0 144 0 428 0 423 0 995
(+0 011) (+( )21) (+0 013) (+0 019)

7 0 138 0 170 0 152 0 460
(±0015) (+0 )20) (+0015) (+0010)

14 0 114 0 152 0 120 0 384
(+0 013) (+0 009) (±0 008) (±0021)

21 0017 0 115 0 112 0 244
(+0 007) (+( 014) (±0011) (±0 (MW)

28 ND 0 061 ND 0 061

1 0 144

(+00I1)

1 5 kg al / ha

0 264 0 223

(+0 021) 

0 629
(+0 008) (+0 W ) (+0 013) (±0 007)

3 0 117 0 694 0 438 1 248
(+0 009) (+( 22) (+0 020) (+0016)

7 0 104 0 393 0 307 0 804
(+0(X)S) (+ ) )2)) (+0 019) (+0 040)

14 0 026 0219 0 175 0 420
(+0 010) (+0 ) l )) (+0017) (+001 1)

21 0 023 0 188 0 164 0 375
(+0 007) (+ XU) (+0 009) (+0 008)

28 0 022 0 108 ND 0 130
(+0012) (+0 )2 ) ( + 0012)

ND Non Detectable
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When the crop was treated at 0 5 kg ai/ha the residues of 3 OH 

carbofuran found in the leaves on the first day after application 

was 0 266 mg/kg which reached the maximum of 0 428 mg/kg on the 

third day and gradually reduced to 0 061 mg/kg by the 28th day 

after treatment When applied at 1 5 kg ai/ha the initial level 

of 0 264 mg/kg got increased to 0 694 mg/kg on the third day and 

then gradually decreased to 0 108 mg/kg on the 28th day after 

application

As in the case of 3 OH carbofuran the level of 3 keto carbofuran 

in the leaves showed an increasing trend reaching the maximum on 

the 3rd day after treatment for both the doses The

corresponding levels were 0 423 & 0 438 mg/kg for the lower and 

higher dose of 0 5 & 1 5 kg ai/ha respectively From the above 

values the residues of 3 keto carbofuran decreased drastically 

below the detectable level by the 28th day after treatment for 

both the doses

Considering the content of total carbofuran residues in the 

leaves it was observed that maximum concentration of carbofuran 

residues accumulated in the leaves on the 3rd day after

treatment the values being 0 995 and 1 248 mg/kg for the doses

of 0 5  and 1 5 kg ai/ha respectively On the 28th day after
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treatment the total carbofuran fraction m  the leaves was

accounted by 3 OH carbofuran alone when applied at 0 5 kg ai/ ha 

while at the application rate of 1 5 kg ai/ ha this was

accounted by both pure and 3 oH forms of carbofuran

3 2 Metabolism of carbofuran in the leaves of cucumber plants when

applied at thg vim nq stage pf the ccqp

The data presented in Table 2 show the residues of carbofuran

present in the 1 eaves of cucumber when applled at 0 5 and 1 5  kg

ai/ha at the vining stage of the crop The presence of

metabolites viz 3 OH carbofuran and 3 keto carbofuran along with

the parent compound were detected in the leaves collected on the 
/)**/

very same day of treatment

The maximum concentration of pure carbofuran was observed in the 

1 eaves on the first day after treatment for both the doses of 0 5 

and 1 5 kg ai/ha The m i t i a l  1 eveIs of pure carbofuran observed 

in plants treated at 0 5 and 1 5 kg ai/ha were 0 166 and 0 314 

mg/kg respectively These values decreased considerably to 0 038 

and 0 053 mg/kg respectively by the 21st day after application 

The plant samples collected at 28 DAT did not show the presence 

of parent compound at both the doses tested



Table 2 Residues of carbofuran and its metabolites in the leaves of
cucumber plants treated in the field at the vining stage of the
crop

mean level of residues (mg/kg)

Days after 

treatment

Pure

carbofuran

3 OH 

carbofuran

3 keto 

carbofuran

Total

carbofuran

1 0 166

0 5 kg ai / ha

0 288 0 187 0 582
(+0 022) (+0 O10) (+0 023) (+0 050)

3 0 145 0 476 0 269 0 890
(+0 016) (+0 040) (+0 033) (±0 030)

7 0 118 0 280 0 194 0 594
(+0 007) ( + 0 020) (+0 020) (+0 007)

14 0 056 0 131 0 112 0 299
(+0 020) (+0 020) (+0010) (±0020)

21 0 038 0 059 0 046 0 143
( + 0 009) (+0 H0) (+0 020) (+0 030)

28 ND 0 029 ND 0 029

1 0 314

( + 0 )20)

1 5 kg ai / ha

0 504 0 404

(+0 020) 

1 223
(+0 022) (±0 )24) (+0 032) (+0 013)

3 0 300 1 625 0 716 2 641
( + 0 027) (+i m) ( + 0 019) (+0 153)

7 0 144 0 631 0 424 1 198
(+0 0 16) (+0047) ( + 0 028) (±0010)

14 0 094 0 342 0 257 0 693
(+00I5) (+003I) (+0 036) ( + ( 04r)

21 0 053 0 157 0 124 0 335
(+0014) (+0 014) (+0 022) (±0 0 6 0

28 ND 0 082 0 048 0 129
(+0 021) (+0 023) (+0 028)

ND Non Detectable
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In the case of 3 OH carbofuran the residues in the leaves on the 

first day after application was 0 288 mg/kg which reached the 

maximum of 0 476 mg/kg on the third day and gradually decreased 
to 0 029 mg/kg by the 28th day when applied at 0 5 kg ai/ha A 

similar trend was noticed when the application was done at 1 5 kg 

ai/ ha the peak value being 1 625 mg/kg on the third day which 

got reduced to 0 082 mg/kg on the 28th day

As against the parent compound the level of 3 keto carbofuran 

showed an increasing trend reaching the maximum on the 3rd day 

after treatment for both the doses The residues reached to non 

detectable level by 28th day after treatment for the lower dose 
while upto 0 048 mg/kg was retained in plants treated with the 

higher dose The levels of 3 keto carbofuran observed in the 
leaves collected from plants treated with the lower dose on 7th 

14th and 21st day were 0 194 0 112 and 0 046 mg/kg

respectively The corresponding levels observed for the higher 

dose of application were 0 424 0 257 and 0 124 mg/kg
respectively

The initial level of total carbofuran was 0 582 and 1 223 mg/kg 

when app1led at 0 5  and 1 5  kg ai/ha respectively The

corresponding values on the 3rd day were 0 890 and 2 641 mg/kg
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A p p r o x i m a t e l y  1 5 times i n c r e as e  over the initial 1evel was 

n o t i ce d  on the 3rd day after trea t m en t  wh e n  a p p l i e d  at 0 5 kg ai/ 

ha w h i 1e the i nc r e as e  was 2 2 times over the initial 

c o n c e n t r a t io n  wh e n  a p p l ie d  at 1 5 kg ai/ha By the 28th day the 

residue level has come do w n  re a c he d  to 0 029 and 0 129 m g / k g  for 

the lower and h i g he r  doses r e s p e c t i v e l y

3 3 M e t a b o l i s m  of c a r b o f u r a n  in the leaves of c u c u m be r  plan t s  when

ap p l ie d  at the f l o we r in g  stage of the crop.

The n a t ur e  and extent of c a r b o f u r a n  r e s idues found in the leaves

of c uc u m be r  plants wh e n  a p p l ie d  w i t h  c a r b o f u r a n  at 0 5 and 1 5 kg 

ai/ha at the f 1 ow e r in g  stage of the crop is p r e s e n t e d  in Table 3 

As in the case of t r e at m e nt s  at sowi n g  and v i n in g  stag e s  of the 

crop the p r es e n c e  of 3 OH c a r b o f u r a n  and 3 keto c a rb of u ra n  

along wi th  the pare nt  c om p ou n d  was d e t e c t e d  in the leaf samples 

coll ec te d  on the first day after t r ea tm en t  itself

As in the case of other stag e s  the level of pure c a r b o f u r a n  was

m a x i m u m  on the first day after trea tm en t  at the lower and higher

doses The values we re  0 102 and 0 466 m g / k g  for the 1ower and 

high er  dose r e sp e c t l v e l y  By the 21st day the r es i du e s i nc re a se d  

to levels of 0 06 and 0 043 m g / k g for 0 5 and 1 5  kg ai/ ha 

r e sp ec ti v el y  W h e n a p p l ie d  at 0 5kg ai/ha the r e s idues reached



Table 3 Residues of carbofuran and its metabolites in the leaves of
cucumber plants treated in the field at the flowering stage of the
crop

mean level of res dues (mg/kg )

Days after 

treatment

Pure

carbofuran

3 OH 

( arbofuran

3 keto 

carbofuran

Total

carbofuran

1 0 102
0 5 kg ai / ha

0 237 0 101 0 441
( + U01K) (+i )7i) ( + 0 055) ( + 0 008)

3 0 072 0 293 0 129 0 494
(+0 (124) ( +0 84) (+0 096) (+0 027)

7 0 068 0 226 0 115 0 408
(+0 022) (+0 )55) (+J042) (+ K i l l )

14 0 064 0 125 0 071 0 261
(+0017) (+ 1 V) (+0010) (+0017)

21 0 06 0 027 0 061 0 148
( + o o i;) (- II) (+0 006) (+002I)

28 ND 0 027 ND 0 027

1 0 466

I M2)

1 5 kg ai / ha

0 130 0 239

(+00I2)

0 835
(+( 125) (+ 5K> (+0 141) (+ 018)

3 0 183 0 J JO 0 287 0 934
(+1 0*51) i  i') ( 0 005) (+0(XH)

7 0 154 0 320 0 318 0 793
(+ 1048) ( Jt 88) ( 0 152) (+ ) 051)

14 0 071 0 164 0 247 0 483
( + 0 020) (+ ') ) (+ ) 059) (+ 21 )

21 0 043 0 089 0 098 0 231
(+0 015) t  I ) ( + 0 018) (+ 0O U )

28 0 028 0 039 ND 0 067
(+ooo<;) it 1 04) (+0 1 1)

ND Non Detectable



to non detectable levels on the 28th DAT while in the higher 

dose carbofuran persisted even upto 28 days after application

The initial concentration of 3 OH carbofuran was 0 237 and 0 130 

mg/kg for the lower and higher dose respectively The peak value 

was attained on the third day after treatment for both the doses 

the values being 0 293 and 0 390 mg/kg respectively The 

presence of 3 OH carbofuran was detected in the leaves upto 28 

DAT for both the doses and the observed values were 0 027 mg/kg 

for the 1ower dose and 0 039 mg/kg for the higher dose

The 3 keto carbofuran level showed an increasing trend reaching 

the highest (0 129 mg/kg) on the 3rd day when applied at the 

lower dose and on the 7th day (0 318 mg/kg)when applied at the 

higher dose By the 28th day the presence of 3 keto carbofuran 

was not detectable m  the leaf samples for both the doses tried

Regarding the level of total carbofuran the highest 

concentration was detected on the 3rd day after treatment for 

both the doses and the values were 0 494 and 0 934 mg/kg for the 

lower and higher dose respectively A declining trend was 

noticed after the third day for both the doses By the 28th day 

the contents decreased to very 1ow values of 0 027 and 0 067 

mg/kg when applied at 0 5 and 1 5 kg ai/ ha respectively



Table 4 Residues of carbofuran and its metabolites in the vines of
cucumber plants treated in the field at the vining stage of the
crop

mean level of residues (mg/kg)

Days after 

treatment

Pure

carbofuran

3 OH 

carbofuran

3 keto 

carbofuran

Total

carbofuran

1 0 203

0 5 kg ai / ha

0 309 0 249 0 761
(+0 015) (+0016) (+0 025) (±0 026)

3 0 175 0 288 0 213 0 676
(±0 019) (±0 013) (+0 021) (±0 029)

7 0 105 0 171 0 124 0 400
(+0014) ( + 0017) (+0 013) (±0 009)

14 0 063 0 141 0 096 0 300
(+0012) (+0 027) (+0 015) (+0 020)

21 0 033 0 065 0 043 0 041
(+0010) (+0017) (+0014) (±0 020)

28 ND 0 035 ND 0 035

1 0 472

( +0 022)

1 5 kg ai / ha

0 763 0 601

(+0 022) 

1 837
(+0 046) (+ o m i) (+0017) (+0 032)

3 0 305 0 591 0 454 1 345
(+0 018) (+0012) (+0 016) (+001)

7 0 149 0 470 0 378 0 997
(+001) (+0 021) ( + 0 020) (+0 037)

14 0 116 0 266 0 183 0 565
(+0010) (+0 022) (+0016) (+0 017)

21 0 052 0 09 0 069 0211
(+0 019) (+0017) (+0 016) (±001 ))

28 ND 0 062 ND 0 062
(+0 02J) (+0 029)

ND Non Detectable
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As in the case of the parent compound the level of 3 OH 

carbofuran was also found to be maximum in the vines on the 

first day after treatment for both the doses the 1 eveIs being 

0 309 and 0 763 mg/kg respectively These values decreased 

considerably to 0 0 3 5  and 0 062 mg/kg by the 28th day for the 

lower and higher dose respectively

A similar declining trend was noticed in the case of 3 keto

carbofuran also with the highest level observed on the first day 

after treatment for both the doses The values were 0 249 and 

0 601 mg/kg for the lower and higher dose respectively A 

gradually declining trend was followed thereafter upto the 21st 

day for both the doses The residue levels on the 3rd 7th 14th

and 21st day were 0 213 0 124 0 096 and 0 043 mg/kg for the

lower dose and for the higher dose the corresponding values were 

0 454 0 378 0 183 and 0 069 mg/kg The metabolite 3 keto

carbofuran was detected in the vine samples only up to the 21st 

day after treatment for both the doses

The maximum concentration of total carbofuran residues was 

detected in the vines on the first day after treatment for both 

the doses the initial levels being 0 761 and 1 837 mg/kg when 

applied at 0 5  and 1 5  kg ai/ha respectively The total
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carbofuran in the vines was accounted by 3 OH fraction alone on 

the 28th day for both the doses tried The relative values were 

0 035 and 0 062 mg/kg for the lower and higher dose respectively 

The values on 3rd 7th 14th and 21st day after treatment were

0 676 0 400 0 300 and 0 041 mg/kg respectively for the lower

dose and for the higher dose the corresponding figures were

1 345 0 997 0 565 and 0 211 mg/kg respectively

3 5 Metabolism of carbofuran in the vi nes of cucumber Plants J*hen 

applied at the flowering stage oJL the cjtqp

The data presented in Table 5 indicate the presence of 

metabolites namely 3 OH carbofuran 3 keto carbofuran along with 

pure carbofuran in the vine samples on the first day after 

treatment onwards when treated at the f 1 owering stage of the crop 

at two doses The metabolites were present in varying 

proportions m  the vine samples at different intervals

As in the case of the sowing and vining stages the maximum extent 

of pure carbofuran was detected in the vines on the first day 

after treatment for both the doses The residues observed at 0 5 

and 1 5 kg ai/ha were 0 227 and 0 365 mg/kg respectively which 

got reduced to 0 041 and 0 039 mg/kg by the 21st day after



Table 5 Residues of carborfuran and Its metabolites In the vines of
cucumber plants treated In the field at the flowering stage of the
crop

Days after 

treatment

mean level of residues (mg/kg)

Pure

carbofuran

3 OH 

carbofuran

3 keto 

carbofuran

Total

carbofuran

0 5 kg ai / ha

1 0 227 0 398 0 369 0 995
(+0 042) (+0 137) (+0 074) (±0 252)

3 0 177 0 243 0 237 0 657
(+0013) (+0 040) (+0 061) (±0 025)

7 0 151 0 176 0 216 0 542
(+0 012) (+0 0I4) ( + 0012) (+0010)

14 0 047 0 183 0 048 0 279
(+0019) (+0 028) (+0011) (±0 039)

21 0 041 0 104 0 027 0 172
(±0 013) (+0018) (+0 010) (+0 037)

28 ND 0 040 ND 0 040
(+ ) 110) (±0 010)

1 5 kg ai / ha

1 0 365 0 705 0 303 1 373
(+0 037) (+0 025) (±0017) (+ 00 !)

3 0 175 0 338 0 268 0 781
(+0 028) (+0 064) (+0 034) (+0 038)

7 0 163 0 268 0 183 0 614
(+0 007) (+0 020) (±0 015) (+0 020)

14 0 041 0 266 0 165 0 472
(+0017) (+ ) )14) (+0011) (+ooo;)

21 0 039 0 077 0 056 0 172
(+0 020) (+01X17) (+0015) (±0014)

28 0 025 0 035 ND 0 060
(+0017) ( + 0014) (+0 030)

ND Non Detectable
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treatment On the 28th day after treatment pure carbofuran was 

not detectable in the vine samples when applied at 0 5 kg ai/ha

whereas a level of 0 025 mg/kg could be detected m  the plants

treated with 1 5 kg ai/ha

In the vine samples conversion of carbofuran to 3 OH carbofuran 

was initiated on the first day after treatment itself The 

highest 1evel of 3 OH carbofuran in the vines on the first day 

after treatment indicated that active conversion took place on 

the first day itself The corresponding 1evels for 0 5 and 1 5

kg ai/ha were 0 398 and 0 705 mg/kg respectively A gradual

decrease was noticed thereafter and by the 28th day the level 

reached to 0 040 and 0 035 mg/kg for the lower and higher dose 

respective 1y

As in the case of pure and 3 OH forms the 3 keto form also 

followed the same pattern the highest levels (0 369 mg/kg for 

1ower and 0 303 mg/kg for higher dose) being recorded on the 

first day after treatment The residues reached non detectable 

level by the 28th day for both the lower and higher dose

The total carbofuran content of the vines was maximum on the 

first day after treatment for both the doses The corresponding 

values at 0 5  and 1 5 kg ai/ha were 0 995 and 1 373 mg/kg
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respectively The levels reached to 0 040 and 0 060 mg/kg by the 

28th day for the lower and higher dose respectively On the 28th 

day after treatment the total residue in the vines was accounted 

by the 3 OH fraction alone when applied at 0 5  kg ai/ha 

Whereas parent compound as well as 3 OH carbofuran were noted in 

the case of treatment at 1 5 kg ai/ha

3 6Metabolism of carbofuran in .cucumber fruits when applied at _the 

vining stage of the crop.

The metabolism and level of residues of carbofuran in cucumber 

fruits when applied at the vining stage of the crop at doses of 

0 5 and 1 5 kg ai/ha are presented in Table 6 The metabolltes 

namely 3 OH carbofuran 3 keto carbofuran along with the parent 

compound were detected in the fruit samples collected from 14 DAT 

onwards (Fruits were aval 1able for analysis only from 14th day 

onwards)

The 1evel of pure carbofuran in the fruits at 14th and 21st days 

after treatment were 0 151 and 0 111 mg/kg for the lower dose and 

the corresponding values were 0 204 and 0 125 mg/kg for the 

higher dose respective1y The presence of the pure form of 

carbofuran could not be detected in fruit samples collected at



Table 6 Residues of carbofuran and its metabolites in the cucumber fruits
when treated at the vining stage of the crop

Days after 

treatment

Mean level of res dues (mg/kg)

Pure

carbofuran

3 OH 

carbofurn

3 keto 

carbofuran

Total

carbofuran

0 5 kg ai/ha

14 0 151 0 065 0 02 0 237
(+00I8) (+00I) (+0 008) (+0(X>7)

21 0 111 0 025 0 032 0 169
(+0 017) (+0IXW) (+0011) (±0 009)

28 ND ND 0 034 0 034
(+0017) ( + 0017)

1 5 kg a /ha

14 0 204 0 076 0 136 0417
(+0 02 >) I tH I J ) (±0017) (+0 417)

21 0 125 0 025 0 045 0 196
(+00IQ <+( i ll) (+0018) (+0 IMS)

28 ND 0 021 ND 0 021
<± I >H) (+001 1)

ND Non Detectable
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28 DAT for both the doses

As in the case of pure carbofuran the 3-OH carbofuran also showed 

a decreasing trend reaching non detectable level by the 2 8 ^  day 

for the lower dose whereas a residue level of 0 021 mg/kg could be 

detected m  the fruits when the crop was treated with the higher 

dose

The level of 3-keto carbofuran m  the fruits showed an increasing 

trend from 14th to 28th day after harvest for the lower dose But 

in the higher dose a decreasing trend was observed reaching to the 

non detectable level by the 28th day after treatment

Regarding total carbofuran residues m  the fruit sanples a 

decreasing trend was noticed, from the 1 4 th to 28th day after 

application for both the doses The levels on 14 21 and 28 days 

were in the order of 0 237 0 169 and 0 034 mg/kg in the case of

lower dose whereas the degradation was in the order of 0 417, 0 196 

and 0 021 mg/kg in the case of higher dose of carbofuran On the 

28th day when applied at 0 5 kg ai/ha the total carbofuran was 

accounted by 3-keto carbofuran fraction alone whereas for the 

higher dose it was accounted by 3-OH carbofuran alone
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3 7 Metabolism of carbofuran in the whole fruit samples when applied

at- t he . E lowemiq.. stage <?f the..cg<?p

The data presented in Table 7 indicate the presence of

metabolites namely 3 oH carbofuran 3 keto carbofuran along with 

the parent compound pure carbofuran in whole fruit samples on 

the first day after treatment onwards when treated at the 

flowering stage of the crop at two doses

The initial level of pure carbofuran in the fruit samples when 

applied at 0 5 and 1 5 kg ai/ha were 0 065 and 0 189 mg/kg which 

got increased to 0 107 and 0 212 mg/kg by the seventh day for the 

1 ower and higher doses respectively By the 28 day after

treatment (DAT) these levels got reduced to 0 037 and 0 067 mg/kg 

for the doses 0 5 and 1 5 kg ai/ha respectively

As in the case of pure carbofuran the 3 OH carbofuran also

showed an increasing trend from the first day to the 7th day 

after treatment for both the doses tried The residue level m

fruits harvested on 7th day after treatment for the lower and

higher doses were 0 527 and 0 715 mg/kg respectively The

residues detected on 14 21 and 28 DAT were 0 227 0 098 and 0 066

mg/kg respectively for the 1ower dose and the corresponding



Table 7 Residues carbofuran and Its metabolites in the whole fruits when
treated at the flowering stage of the crop

Days after 

treatment

mean level of res dues (mg/kg)

Pure

carbofuran

3 OH 

carbofuran

3 keto 

carbofuran

Total

carbofuran

0 5 kg al / ha

1 0 065 0 159 0 127 0 352
(+OOI8) (+ 0  111) (±0 022) (±0 015)

3 0 057 0 192 0 149 0 398
(+ 00 ! I) (+ 002I) (±0015) (+0021)

7 0 107 0 527 0 287 0 921
(+( m !) (+0  ttO) (±0 028) (+0 107)

14 0 101 0 227 0 130 0 457
(+ 00I8) (+0  045) ( + 0 026) (+o or 2)

21 0 054 0 098 0 071 0 223
(+( ()12) (±1 >U) J 0 016) (+ 0  0 1 1)

28 0 037 0 066 ND 0 103
(-< >IJ) (+ UK) ( + 0 0 V )

1 5 kg al / ha

1 0 189 0 189 0 083 0 461
(+( 015) ( t l  2) (+0 014) (± 005 !)

3 0 138 0 192 0 099 0 429
( + ( 018) (±0018) (±0021) (+0 045)

7 0 212 0 715 0311 1 238
(+0 051) (+0 181) (+0 09J) (+( I8T)

14 0 138 0 243 0 188 0 569
(+ 0  040) <±r 060) (+0 034) (± 0  051 >

21 0 100 0 142 0 152 0 394
(+( o i ; ) <±( n ) (±0011) (± H i l l )

28 0 067 0 081 ND 0 147
(+( 016) |+ Mi ) (+0020)

NO Non Detectable
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levels for the higher dose were 0 243, 0 142 and 0 081 mg/kg

respectively

A similar trend was seen in the case of 3 keto carbofuran also 

reaching the highest value on the 7th day after treatment for both 

the doses which got reduced to levels below detectable limit by the 

2 8 ^  day aft^r treatmert for both the doses

Regarding total carbofuran residues in the fruit sax pi^s the 

initial levels were 0 352 and 0 461 mg/kg which got increased to 

0 962 and 1,238 mg/kg when applied at 0 5 and 1.5 kg ai/ha on the 

third day

s tTotal carbofuran residues observed on 14 and 21 days after 

treatment were 0 457,0 223 for the lower dose and for the higher 

dose the corresponding values were 0 569 and 0 394 mg/kg 

respectively On the 28t*1 day after treatment the residues were 

0 07 and 0 108 mg/kg for the doses of 0 5 and 1 5 kg ai/ha 

respectively.

3 8 Metabolism of carbofuran in the peeled fruit samples when

applied at the f l o w e n n g  stage of the crop

The active metabolism and degradation of carbofuran m  peeled



Table 8 Residues carbofuran and metabolites In the peeled cucumber
fruits when treated at the flowering stage of the crop

Days after 

treatment

mean level of residues (mg/kg)

Pure

carbofuran

3 OH 

carbofuran

3 keto 

carbofuran

Total

carbofuran

0 5 kg al / ha

1 0 075 0 290 0 170 0 536
(+( 0)8) (+( 0 8) (+0 039) (±0021)

3 0 120 0 139 0 057 0 318
(+( 010) (+ 41) ( + 0 025) (±0021)

7 0 127 0 324 0 233 0 678
(+005;) ( + 0 >18) (+0 108) (+0012)

14 0 088 0 090 0 179 0 358
(+0 016) (+ 1041) (+0 042) (±0 044)

21 0 060 0 0178 0 048 0 193
(+0 050) f+noir) ( + 0 017) (+0 042)

28 ND 0 070 ND 0 07
(+ ) )\() (+00I5)

15 kg al / ha

1 0 161 0 270 0 107 0 536
(+oos;) (+1 41) (+0 018) (+0 047)

3 0 119 0 252 0 305 0 676
(+0 X2) <±« ' 7M (+0 141) (+ooi;)

7 0 133 0 400 0 370 0 903
( + 0 )2 2) (+ 008) (±0 095) (+00I0)

14 0 067 0 278 0 214 0 560
(+0 027) (+0 174) (+0 062) (±0015)

21 0 054 0 070 0 079 0 303
(+0 028) (+( i ) (+0 054) (+o n i)

28 0 043 0 065 ND 0 108
(+0 02I) <±t no ( + ()( 14)

ND Non Detectable



f ruit samples when applled at 0 5 and 1 5  kg ai/ha at the 

flowering stage of the crop is presented in Table 8 The results 

indicated that active metabolism of the compound started on the 

flrst day after treatment onwards for both the doses The 

metabolltes namely 3 OH carbofuran 3 keto carbofuran and pure 

carbofuran were present in the fruit samples on the first day 

itself at varying proportions

The initial levels of pure carbofuran for the lower and higher 

doses were 0 075 and 0 161 mg/kg respectively As m  the case of 

whole fruit samples maximum content of pure carbofuran was 

noticed in fruits collected at the 7th day itself even after 

peeling But when applied at 1 5 kg ai/ha the peak level was 

observed on the first day after treatment which got reduced to 

0 054 mg/kg by the 21st day The level on the 28th DAT for the 

higher dose was 0 043 mg/kg but for the lower dose the residue 

was not detectable

The level of 3 OH carbofuran showed a decreasing trend from the 

first day to the third day reaching the maximum on the seventh 

day for both the doses A decreasing trend was noticed 

thereafter By the 28th day the 1evels reached 0 07 and 0 065

mg/kg for the lower and higher dose respectively The level of
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3 keto carbofuran showed a decreasing trend from the first day to 

the third day and increased thereafter reaching the ma x i m u m  on 

the seventh day after treatment for the lower dose But in the 

case of higher dose a steadly increasing trend was observed from 

the first day onwards reaching the m a x im u m on the seventh day 

On the 28th day after treatment the levels were not detectable 

for both the doses

Regarding the total residues the highest value was obtained on the 

7th days after treatment for both the doses The residue levels 

were 0 678 and 0 903 for the lower and higher dose respectively

The residue levels m  peeled fruits were above the MRL upto the 

14th day after treatment when the crop was treated with the lower 

dose but in the case of higher dose upto the 21st day the 

residues were above the MRL

3 9 M e ta b ol i sm  of carbofuran in the various portions of cucumber 

fruits when treated at the flowering, stage of. .t.he,_grop

The m e ta b ol i sm  and level of residues m  various fruit 

portions viz top middle and basal when treated at the flowering 

stage of the crop is presented in Table 9 The different 

portions were analysed seperately at various intervals The



Table 9 Residues of carbofuran and its metabolites in the various
portions of cucumber fruits when treated at the flowering stage of
the crop

mean level of res dues (mg/kg)

Days after Portion Pure 3 OH 3 keto Total

treatment of the fru t carbofuran carbofuran carbofuran carbofuran

7 Top 0 202 
(■+■0 050)

0 782
(+0 001)

0 384
(±0 006)

1 368 
(+0 181)

14 0 208
(+0 0(2)

0 133
(+0 072)

0 197
(±0 026)

0 538 
(+0 100)

21 0 147
(+0 04C)

0 08
(+0 060)

0 084
(±0 032)

0311
(+0 083)

7 Middle 0 212 
(+0 053)

m 
i"-

t-Is- 
o

 
o 

o 0311
(+0005)

1 198 
(+0 010)

14 0 0246 
(+0 100)

0 058
(+0 006)

0 208
(±0050)

0 513
(+0 135)

21 0 084 
(+0 013)

0 042
(+0 022)

0 072
(+0 021)

0 198
(+0 009)

7 Basal 0 133
(+0 022)

0 400
(+0 0J8)

0 401
(+0 010)

0 934 
(+0 001)

14 0 137
(+0 081)

0 131
(+0 076)

0 216
(+0 081)

0 484
(+0 054)

21 0 133
(±0 010)

0 018
(+ooor)

0 034
(±0 009)

0 185
(+0 028)

NO Non Detectable
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results showed that the highest level of total carbofuran was 

detected in the top portion of the fruit The levels on the 

seventh fourteenth and twenty first days after treatment where 

1 368 0 538 and 0 311 mg/kg respectively This was followed by

the middle and basal portions The corresponding levels m  the 

middle portion where 1 198 0 513 and 0 198 mg/kg respectively

While m  the basal portion the levels were 0 934 0 484 and 0 185

mg/kg respectively The metabolites namely 3-OH carbofuran

3 keto carbofuran and the parent compound were present in varying 

proportions m  the different portions tested

4 1 Metabolism of carbofuran m  the flesh and placenta of cucumbeg

fruits when treated at the flowering S.tagq oj the QEflP— at

1 1-5 kg ai/ha

The metabolism and extent of residues in the flesh and 

placenta of cucumber fruits when applied at the flowering stage 

of the crop at 1 5 kg ai/ha is presented in Table 10 Samples of 

f 1esh and pi acenta (inner core + S e eds) were subjected to 

chemical analysis separately at different intervals of 7 14 and

21 days after application of the insecticide The metabolites 

namely 3 OH carbofuran 3 keto carbofuran and the parent 

compound pure carbofuran were present in the flesh and placenta



Table 10 Residues of carbofuran and Its metabolites In the flesh and
placenta of cucumber fruits when treated at the flowering stage of
the crop @1 5 kg al/ha

mean level of residues (mg/kg)

Portion of days after pure 3 OH 3 keto Total

the fru t treatment carbofuran carbofuran carbofuran carbofuran

flesh 7 0 212
(+0 053)

0 715 
(+0 181)

0311
(+0 099)

1 238
(±0 186)

14 0 138
(+0 01 J)

0 243 
(+0012)

0 188
(±0011)

1 394
(+0 031)

21 0 100 
(+0 019)

0 142
(+0012)

0 152
(±0 011)

0 394
(±0 031)

Placenta 7 0 157
(+0 030)

0 366 
( + 0 0J)

0 248
(+0 050)

0 771
(+0 136)

14 0 130
(+0 0400

0 106
(+0 020)

0 136
(±0 023)

0 373 
(+0015)

21 0 084
(+0 060)

0 072
(+0 030)

0 189
(+0032)

0 345
(±0 030)



in all these intervals tested The results indicated that the 

residues of total carbofuran and the metabolites were invariably 

high in the flesh rather than m  the placenta in all the 

intervals tested Thus the total carbofuran residues in the flesh 

at intervals of 7 14 and 21 DAT were 1 238 0 569 and 0 394

mg/kg respectively where as on the placenta the corresponding 

levels were 0 771 0 373 and 0 345 mg/kg respectively

4 2 Hetabo 11sm of carbofuran in cucumber fruits when store_d unde

refrigeration

The metabolism and level of residues in cucumber fruits when 

stored under refrigeration for different periods are presented 

m  Table 11 The fruit samples collected from crop treated at 

the higher dose alone were subjected to refrigeration and samples 

were drawn at 0 1 4 5 7  and 10 day interval and the

degradation was studied The results indicated that the 

metabolites namely 3 OH carbofuran 3 keto carbofuran and pure 

carbofuran were present m  all the intervals

The m i t i a l  concentration of pure carbofuran was 0 068 mg/kg A 

gradual reduction m  residues was noticed in all the intervals 

reaching 0 025 mg/kg by the 10th day interval The levels on the 

1st 4th 5th and 7th days were 0 059 0 045 0 035 and 0 028

mg/kg respectively



Table 11 Residues carbofuran and its metabolites In cucumber fruits 
stored under refrigeration at different intervals

Period

under

refr geration 

(Days)

mean level of residues (mg/kg)

Pure

carbofuran

3 OH 

carbofuran

3 keto 

carbofuran

Total

Carbofuran

0 0 068 0 061 0 172 0 301
(+( 025) (+01 22) (+0 037) (+0 084)

1 0 059 0 038 0 150 0 247
(+0025) (+0017) (+0 05) ( + 0 084)

4 0 045 0 044 0 130 0 218
(+0 020) (+ 1 114) (+0 024) ( + 0037)

5 0 035 0 037 0 075 0 147
(+0 010) (+0021) (+0 009) ( + 0 005)

7 0 028 0 034 0 070 0 133
(+o on) (+0 IM) (+0 010) (±0 007)

10 0 025 0 021 0 047 0 094
(+O0I l) (+0 II )) (±0010) (+01 1 >)



Table 12 Waiting period of carbofuran In cucumber fruits when applied at
the flowering stage of the crop

Kind of fru t Dose 

(kg ai/ha)

Waiting

period

T(tol)

days R2

Regression equation

Whole fruit 05 24 5 05 Y 0 4074 + 0 0356xi 0 0018X2
1 5 26 1 05 Y 0 4831 +0 0544X1 0 0025x2

Peeled fru t 0 5 23 2 07 Y 0 48774 +0 0038X -0 007x2
1 5 26 2 06 Y 0 6219 + 0 0210X1-0 0015X2
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In the case of 3-OH carbofuran the highest level (0 061 mg/kg) was 

observed on the first day followed by a reduction to 0 044 mg/kg 

on the fourth day reaching 0 021 mg/kg on the 10th day of storage

As in the case of pure carbofuran a similar trend was observed in 

the case of 3-keto form also From the initial concentration of 

0 172 mg/kg the level got reduced to 0 047 mg/kg by the 10th day

The initial concentration of total carbofuran was 0 301 mg/kg which 
got reduced to 0 247 mg/kg on the first day and 0 218 r j kg day on 

the 4th day of storage under refrigeration From the fifth day of 

storage onwards, the total residues of carbofuran observed in 

fruits were below the MRL of 0 2 ppm the values being 0 147, 0 133 

and 0 094 mg/kg on 5,7 and 10 days of storage

Waiting period of carbofu n in cucumber fruits when applied at the 

flowering stage of the crop

Carbofuran was applied at doses 0 5 and 1 5 kg ai/ha at the 

flowering stage of the crop and the waiting periods were worked out 
by means of regression equations (Table 12) Since the MRL has not 

been fixed for carbofuran in vegetables m  the present study the 

waiting period was fixed taking in to consideration the MRL of 0 2 

ppm fixed for the grain crops Thus m  the present study the 

results indicated that a waiting period of 25 and 26 days should be
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recommended for the lower and higher dose respectively. Since 

cucumber fruits are harvested at 20-30 days after flowering of the 

crop, the use of carbofuran granules at the flowering stage of the 

plant should be avoided to present the residue hazard



DISCUSSION
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DISCUSSION

5 1 Carbofouran is a broad spectrum insecticide widely used for 

the control of a variety of pests affecting the crop plants (Mathur 

et al 1974) In cucurbitaceous vegetables it is highly effective 

for the control of fruits flies and other sucking pests But the 

application of the chemicals is recommended only at the time of 

sowing m  vegetables (KAU 1989) The farmers are extensively 

using the chemical even at the fruit setting period due to its 

effectiveness in controlling various pests A recent survey 

conducted to assess the content of carbofuran in market samples of 

vegetables showed definite evidence of application of carbofuran at 

rates higher than the recommended rate close to the fruiting stage 

(Rajendran et al 1991) Information on the chemodynamics of carbo­

furan in vegetables and the influence of the growth stage of the 

crop on the uptake and metabolism of the chemical is scanty and 

meagre. The uptake, translocation and metabolism of the compound 

when applied to cucumber plants at different growth s tages 

especially at the flowering stage of the crop are discussed 

hereunder
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Uptak e , metabolism and persistence si c.qjJjofiucan i n  cu c u m b er 

plants treated at three different growth stages viz. s o w i n g ,

Vltunq and £ lowering

Several studies have shown that the principal metabolic pathways 

of carbofuran include hydrolysis oxidation and conjugation 

(Dorough 1968 Metcalf 1968 Kuhr 1970 Ashworth 1972 

Mohammed All 1978 and Singh & Kalra 1992) The major

metabolites detected in different crop plants were 3 OH

carbofuran 3 keto carbofuran and their corresponding phenols 

(Dorough 1968 Metcalf et a_l, 1968 Pree e£ a_l_ 1974 Huynh & 

Morallo 1975 and Singh & Kalra 1992) However the extent of 

metabolism of carbofuran in cucurbitaceous vegetables are not 

w e l 1 determined

Previous workers have demonstrated that carbofuran persisted for 

a period of 45 days in cow^pea'"pods (Nanda Kumar 1981) more

than 75 days in brinjal (Mithyantha .et a_L 1978) 60 80 days in

sorghum ( S n v a s t a v a  1976) & 118 days m  potato (Misra & Dikshit 

1991) However studies conducted under the All India Co ordinated 

Project on Pesticide Residues at Vellayani centre revealed that 

carbofuran residues reached below the maximum residue limit of 

0 2 ppm within 23 days in cucumber fruits (Beevi el 1991a) and
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within 22 days in bittergourd fruits (Beevi et a_L 1991b)

Hence in the present investigation the sampling and analysis of

carbofuran residues were made for a maximum period of 28 days

after application

5 2 Metabolism and persistence of carbofuran in cucumber

1 eaves when treated at three different growth stages

The data presented m  Table 1 indicated that the highest level of 

the parent compound pure carbofuran was observed on the first 

day after treatment in the leaf samples for both the doses when 

applied at sowing But the metabolites namely 3 OH carbofuran and 

3 keto carbofuran were found at the maximum concentration on the 

third day after treatment for both the doses tested The

concentration of pure 3 OH and 3 keto carbofuran constituted 

1 4 4 7  4 3 0  and 42 5 percentage of the total residues on the

third day for the lower dose and the corresponding percentages 

for the higher dose were 9 3  55 6 and 35 09 respectively

The initial level of total carbofuran m  the leaves at sowing was 

0 611 mg/kg for the 1ower dose From the initial 1evel an 

increase of 1 63 times was observed on the 3rd day for the lower 

dose and the corresponding increase for the higher dose was 1 98 

times The percentage reduction on the 28th day from the peak
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level was 94 and 90% for the lower and h i g h e r  do s es  r e s p e c t i v e l y  

On the 28th day total c a r b o f u r a n  was a c c o u n t e d  by 3 OH c a r b o f u r a n  

alone for the lower d o s e  wh i le  for the h i g h e r  do s e  the p r e s e n c e  

of p u r e  and 3 OH c a r b o f u r a n  were d e t e c t e d

W h e n  c a r b o f u r a n  was a p p l i e d  at the v i n i n g  s t a g e  of the crop 

(Table 2) the m a x i m u m  level of pu r e  c a r b o f u r a n  was s e e n  m  the

leaves on the first day as in the case of the t r e a t m e n t  d o n e  at

the s o w i n g  s t ag e  As a g a i n s t  pu r e  c a r b o f u r a n  the p e a k  level of 

m e t a b o l i t e s  was d e t e c t e d  on the t h ir d  day a f t e r  t re a t m e n t  for 

b o t h  the doses P ure 3 OH and 3 ke t o  c a r b o f u r a n  c o n s t i tuted

16 29 53 48 and 30 22 per cent of the total on the t h i r d  day for

the 1ower do s e  w h e r e a s  w hen a p p l l e d  at 1 5  kg a i/ h a the 

c o r r e s p o n d i n g  p e r c e n t a g e s  w ere 11 35 61 5 and 27 1 r e s p e c t i v e l y

R e g a r d i n g  total c a r b o f u r a n  r e s i du e s the h i g h e s t  level was 

o b s e r v e d  on the th i rd  day for b o t h  the lower and h i g h e r  d ose The 

r es i du e  level on the third day for the h i g h e r  do s e  was about 

three times m o r e  than the level on the s ame day for the lower 

d ose On 28 DAT p e r c e n t a g e  r e d u c t i o n  of 96 74 and 95 11 over the 

third day was o b s e r v e d  for the lower and h i g h e r  dose 

r e s p e c t i v e l y  The total c a r b o f u r a n  on the 28 D A T was a c c o u n t e d  

by 3 OH f r a c t i o n  a l on e  for the lower do s e  w h e r e a s  for the higher 

d ose the p r e s e n c e  of b o t h  3 OH and 3 ke t o  c a r b o f u r a n  were
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detected in the leaf samples The parent compound became almost 

completely dissipated before 28 DAT for both the doses tested

The results in Table 3 cl ear 1y showed that the degradation 

pattern of pure carbofuran m  the leaves when applied at the 

flowering stage of the crop was exactly similar to that of the 

sowing stage with the presence of detectable residues for the 

higher dose on the 28 DAT

As against the sowing and vining stages the maximum level of 3 

keto carbofuran was detected on the 7th DAT for the higher dose 

of 1 5 kg ai/ha The results also showed that when carbofuran was 

applied at flowering the active conversion to 3 OH carbofuran 

was lesser for the higher dose when compared with the lower dose

Regarding the total residues similar pattern was followed as in 

the case of the earlier stages with the peak level reaching on 3 

DAT Upto 94 5 percent degradation was seen on 28th DAT from the 

highest level for the lower dose and the corresponding percentage 

for the higher dose was 92 8% The total carbofuran on the 28 DAT 

was accounted by 3 OH carbofuran alone for the lower dose while 

for the higher dose both pure and 3 OH carbofuran were together 

responsible The percentage degradation was found highest m  the
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in te r v a l s  s t a r t i n g  f rom the 21st DAT w h e n  c o m p a r e d  w i t h  other 

i nt e r v a l s  taken for b o t h  the d o se s  The c o r r e s p o n d i n g  values 

w ere 81 7 and 70 9 per cent for the lower and h i g h e r  dose 

r e s p e c t i v e l y

T r a n s l o c a t i o n  and d e g r a d a t i o n  of c a r b o f u r a n  in the leaves of 

c u c u m b e r  p la n t s  as i n f l u e n c e d  by the d i f f e r e n t  g r o w t h  stag es  of 

the crop is i l l u s t r a t e d  in the fig The p l a n t s  t r e a t e d  at the

v i n i n g  and s o w i n g  stage s  t r a n s 1 o ca t e d  m a x i m u m  amou nt  of 

c a r b o f u r a n  w i t h i n  3 days af t er  a p p l i c a t i o n  w h i 1e the pi ants 

t r e a te d  at the f lo w e r i n g  st a ge  t r a n s l o c a t e d  c o n s i d e r a b l y  lesser 

amount of c a r b o f u r a n

5 3 M e t a b o l i s m  and p e r s i s t e n c e  of c a r b o f u r a n  in c u c u m b e r  vines 

w hen t re a te d  at v i ni n a  and f 1 o w e n n a  s t a g e s  of the c r o p .

M e t a b o l i s m  of c a r b o f u r a n  in c u c u m b e r  vi n es  wh e n  a p p l i e d  at the 

v in i n g  st a ge  of the crop (Table 4) r e v e a l e d  that m a x i m u m  level of 

r esid u es  was p r e s e n t  in the first day a f t e r  a p p l i c a t i o n  as 

e v i d e n c e d  by the p e a k  level of m e t a b o l i t e s  and p a r e n t  c o m p o u n d  

f o l l ow e d by a g radual d e c l i n e  u pto 2 8th DA T  for b o t h  the doses

This i n d i c a t e d  that m a x i m u m  m e t a b o l i s m  and h i g h e s t  level of 

a b s o r p t i o n  took p l a c e  in the v in e s on the first day itse l f Pure
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3 OH and 3 keto carbofuran constituted 26 6 40 6 and 32 7

percent of the total residues on the first day for the lower 

dose whereas the corresponding percentages for the higher dose 

were 25 69 41 53 and 32 7 respectively Among the metabolites

tested 3 OH carbofuran was found to be the one metabol i te 

observed with maximum concentration for both the doses This 

indicates that active conversion to 3 OH carbofuran occurs 

immediately after absorption by the plant

The highest level of total carbofuran was observed in the vines 

on the first day after treatment for both the doses tested The 

percentage degradation on the 28th day over the peak level was 

95 4 and 96 6 when treated at 0 5 and 1 5 kg ai/ha respectively 

On the 28th DAT the total carbofuran was accounted by 3 OH 

fraction alone for the two doses tested

The pattern of metabolism and dissipation of carbofuran m  the 

vines when applied at the flowering stage is similar to that of 

the vining stage (Table 5) The peak level of metabolites along 

with the parent compound was detected on the first day after 

treatment for both the doses

The contribution of pure 3 OH and 3 keto carbofuran towards 

total residue was 2 2 8  4 0 0  and 37 0 percent on the first DAT
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for the lower dose where as the corresponding percentages being 

26 5 51 3 and 22 0 respectively for the higher dose

On the 28th day the total carbofuran was accounted by 3 OH

carbofuran alone for the lower dose as in the case of vining 

stage whereas the presence of pure and 3 OH carbofuran was 

detected in the vine samples tested for the higher dose

5 4 Effect peeling on the degradation of residues c*£

carbofuran i n  cucumber fruits when ap_pl_i_e_d at the flowering 

stage,

The data presented in Table 7 and 8 and fig 1 show the effect of 

peeling on the removal of carbofuran residues The highest 1evel 

of total residues was obtained on 7 DAT in case of both the

whole fruit samples and peeled ones when applied at 0 5 and 1 5

kg ai/ha In both the cases the metabolism was initiated on the 

first day itself as m  the case of leaf and vine samples which 

was evidenced by the presence of metabolites along with the 

parent compound The presence of peak level of total carbofuran 

on the 7th day indicated that active metabolism took place in

the fruits in a later stage than vines and leaves where the

maximum 1evel was detected on the 1st and 3rd day after



Fig 1 EFFECT OF PEELING ON THE REDUCTION OF TOTAL CARBOFURAN 
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appl i cation respectively The total residue 1evels were 4 6 and 

3 4 times above the MRL of 0 2 PPM on 7 DAT for whole fruit and 

peeled samples respectively for the lower dose When applied at 

1 5  kg ai/ha the levels were 6 2 and 4 5 times above the MRL on 

the same day The percentage degradation on the 28 DAT over the 

peak level did not show much variation in the whole and peeled 

samples for both the doses tested

On the 28th day after treatment total carbofuran was accounted by 

pure and 3 OH carbofuran for both the doses for whole fruit 

samples But m  the case of peeled fruits only 3 OH carbofuran 

was present on 28 DAT for the lower dose whereas both pure and 

3 OH carbofuran could be detected when applied at 1 5 kg ai/ha 

The results (Fig 1) substanciate the findings of Awasthi and 

Mishra (1978) who reported that washing and peeling considerably 

reduced the carbofuran residues in potato tubers Studies by 

Finalyson a t .al (1976) also showed that greater quantities of 

residues were accumulated in the peel portion than m  the pulp 

portion of carrot tubers



Fig 2 RESIDUES OF TOTAL CARBOFURAN IN THE TOP MIDDLE AND BASAL 

PORTION OF CUCUMBER FRUITS WHEN TREATED AT THE FLOWERING 

STAGEOF THECROP
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5 5 I M  distribution o£ carbofuran residues a h  cUf fqrerit 

portions a i  cucumber fruits it.Q£^ middle M  b a s a l ) w M n  treated 

a t  the flow ering Stage oi lh &  crop,

The results presented in Table 9 indicate the distribution 

pattern of carbofuran residues m  different portions of the 

fruit The metabolites 3 OH carbofuran and 3 keto carbofuran

along with the parent compound were present in all the three

portions of the fruit tested On the 7th and 14th DAT the highest

concentration of total residues (1 368 and 0 538 mg/kg

respectively) was seen on the top portion of the fruit followed 

by middle and basal portions On the 21st day also the same trend 

was noticed (Fig 2)

This confirms the fact that accumulation of residues was more in 

the top portion of the fruit than the rest of the portions This 

was in conformity with the findings of F m a l y s o n  a i  ai (1976) 

who reported that the accumulation of residues was more in the 

top portion of carrot tubers than in the lower portion

5 6 Compacjia-Qn o l  carbpfutan r e p l u g s  i n  ili£ ilesh a n d  placenta 

oi i h e fruit? when applied a i  the flowering stage oi the crop,

The level of residues of carbofuran in the flesh and placenta of 

the cucumber fruits when treated at the flowering stage of the
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crop is presented in table 10 Fig 3 shows that maximum 

concentration of total carbofuran was detected in the flesh 

rather than m  the placenta and seeds This is found true in the 

case of samples tested at 14th and 21st days after treatment 

This confirms that the higher level of residues was present m  

the flesh of the fruits

5 7 Effect oi storage on the degradation of carbofuran resi d e s.

AH cucumber fruits.

Results presented m  Table 11 indicate that active m etabolism and 

degradation of carbofuran residues m  the fruit continue even 

when the fruits are harvested and kept under refrigeration for 

different periods The rate of degradation of total carbofuran 

was clearly shown in fig 4 The initial level of total carbofuran 

was 0 301 mg/kg which got reduced to 0 094 mg/kg by the 10th day

of storage The percentage degradation on the 10th day was 68 8

percent from the initial level The rate of degradation was 

varying in different intervals

5 8 Waiting period H i  carbofuran a h cucumber fruits when aPPLied 

At ths. flowering atafle oi the c rop

Results presented in Table 12 indicated that for safe consumption
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of fruits following ca r b of u ra n  a pp l i ca t io n  at doses 0 5 ansd 1 5 

kg ai/ha, a m i n i m u m  wa it i ng  peri od  of 25 and 26 days should be 

given

The results pre sented show that c uc u mb e r plan t s absorbed 

c a r bofuran rapidly from the soil and t r a ns l oc a te d  the same to 

leaves, vines and fruits resulting m  pe a k re s id u e levels w:

1-7 days after a pp l ic a ti o n and th e re a ft e r a declining trend 

observed

The m e t a b o l i s m  of the compound was i n i ti at e d on the first day 

itself in the p la n t  system w hi c h  is e v i de n ce d  by the presence of 

m etabo l it e s namely 3-OH ca r bo f ur a n and 3 keto c a rbofuran along 

with the p ar en t  compound pure carbo f u ra n

Gas c h ro ma t og r ap h ic  studies r ev ea l ed  that residues of total 

c ar bofuran we re  o bs erved m a x i m u m  in the vines on the first day 

after trea t me n t irre s pe c ti v e of the stages In the leaves and 

fruits m a xi m u m  level of total c ar bofuran was o b s e r v e d  on the 3rd 

and 7th day res pect iv e ly  for both the doses tested This shows 

that a c cu mu l at i on  of c ar bofuran takes pla ce  first in the vines, 

followed by leaves and fruits
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Compara ti v el y  h i gh e r  residues w e r e  d e t e c t e d  in the vines leaves 

and fruits w h e n  ap p l i e d  at the hi g h e r  d ose (1 5 kg ai/haj . The 

results also in d ic a te d  that r e s id u es  of pu r e  c a r b o f u r a n  are m u c h  

lower than t h os e  of total c a r b o f u r a n  m  s amples c o l l e c t e d  at 

1 ,3 , 7,14,21 and 28th day after a p p l i c a t i o n  The c o n v e r s i o n  of 

original c a r b o f u r a n  to less toxic m e t a b o l i t e s  c o m m e n c e s  as scon as 

the toxic a nt  is a b s or b ed  into the plant ard c o n t i n u e s  till it gets 

comp le t el y  d i ss i p a t e d

In the pr e s e n t  study the wa i ti n g peri od  wi fixed taking into 

c o n s i d e ra t io n  the M R L  of 0 2mg/kg fi x ed  foi g r ai n  crops Thus in 

the pr e s e n t  study the results i nd i c a t e d  that a w a i t i n g  p e r i o d  of 25 

and 26 days should be r e c o m m e n d e d  for lower and h ig h e r  do s e 

resp ec t iv e ly  Since c u c un b er  fruits are 1 a r v e s t e d  at 20-30 days 

after the fl o we r in g  of the crop the use of c a r b o f u r a n  g r a n ul e s at 

the f t o w e n n g  stage of the p l an t  should be a v o i d e d  to p r e v e n t  the 

r es i du e  h a za r d



SUMMARY



CM
64

SUMMARY

The metabolism and persistence of carbofuran m  cucumber 

plants when applied at 0 5 and 1 5 kg ai/ha at different growth 

stages of the crop viz sowing vining and flowering were 

studied m  detail Samples of leaves vines and fruits were 

collected at intervals of 1 3 7 14 21 and 28 days after 

appllcation of the insecticide and subjected to chemical 

analysis The contents of insecticide residues were determined in 

terms of total carbofuran pure carbofuran 3 OH carbofuran and 

3 keto carbofuran using gas chromatographic technique 

The results indicated that active absorption and metabolism of 

the compound was initiated on the first day after the appllcation 

of the chemical as evidenced by the presence of 3 OH carbofuran 

and 3 keto carbofuran along with the parent compound pure 

carbofuran in all the samples tested The peak level of residues 

was detected in different occasions in the leaf vine and in the 

fruit samples Thus m  the vines the highest level of total 

carbofuran pure carbofuran and the metabolites 3 OH carbofuran 

and 3 keto carbofuran were detected on the first day after the 

treatment the values being 0 761 0 203 0 309 and 0 249 mg/kg

respectively for 0 5 kg ai/ha and 1 837 0 472 0 763 and 0 601

mg/kg respectively for 1 5kg ai/ha
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The highest level of total carbofuran was observed in the leaves

on the third day after treatment and the levels being 0 995 and

1 248 mg/kg at sowing 0 890 and 2 641 mg/kg at vining and 0 494 

and 0 934 mg/kg at flowering for 0 5 and 1 5 kg respectively But 

in the case of the fruit sample the highest level was reached on 

the seventh day after treatment the values being 0 921 and 1 238 

mg/kg respectively for the lower and higher dose

A gradual decline m  the residues was noticed thereafter from the 

peak 1evel in the various portions The residues of parent 

compound and the metabolites were almost non detectable by the 28 

DAT

The results clearly indicated that accumulation of total 

carbofuran takes place first in the vines followed by leaves and 

then m  the fruits The conversion of carbofuran to different 

metabolites 3 OH carbofuran and 3 keto carbofuran commenced 

soon after the toxicant is absorbed into the pi ant system and 

continued till it gets completely dissipated Comparatively 

higher residues were detected in vines and fruits when applled at 

the higher dose (1 5 kg ai/ha)

The effect of peeling on the removal of total carbofuran residues

was studied by estimating the residues m  the peeled samples The 

result showed that peeling could reduce the level of total
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carbofuran residues considerably
The distribution of carbofuran residues in differ ent portions of

cucumber fruits top middle and basal when treated at the

f 1 o w e n n g stage of the crop was studied The metabolism was

simi1ar in all the three portions tested as ev idenced by the

presence of pure carbofuran and the metab olltes 3 OH carbof uran

and 3 keto carbofuran The highest 1evel of total carbofuran was

detected in the top portion (distal portion) fol lowed by middle

and basal portion (fig 2) This shows that distal portion of the

fruit carried maximum residues following insecticide application 
The comparison of residues in the flesh and placenta of cucumber 
fruits when treated at the flowering stage of the crop revealed 
that 3 OH carbofuran and 3 keto carbofuran and pure carbofuran 
were present in the flesh and placenta at all the intervals 
tested (7 14 and 21 DAT) The results also showed that 
accumulation of residues of carbofuran and its metabolites were 

more m  the flesh portion of the fruit than in the placenta 
(mnercore and Seeds)
Studies on the effect of different periods of storage on the 
degradation of carbofuran residues showed that metabolism and 
degradation of the compound continued even after the fruits are 
harves ted
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But the rate of de r a d at i on  was not stea dy  t h r o u g h o u t  the d i f f e r e n t  

intervals o b s er v ed  (0,1,4,5 7 and 10) W hen c a r b o f u r a n  was appli e d 

at the vining stage of the c rop the r e s i du e s wotilo be ro rmally 

b e l o w  the MR L  m  the fruits at the time of h a r v e s t  The resu lt s 

also r e v e a le d  t hat for safe c o n s u m p t i o n  a w a i t i n g  p e r i o d  of 25 and 

26 days shou l d be r ec o mm e n d e d  at doses 0 5 and 1 5 kg ai/ha 

r es p e c t i v e l y  so as to reach b e l o w  the M R L of 0 2 p p m  Since

cucu mb e r frui ts  a*.e harv es t d at 20 - 30 d a y s  after the f l ow e r i n g  of 

tie crop, the use of c a r b of u ra n  gran u le s  at the f l o u e n n c  stage of 

the p l a n t  should be a v oi d ed  to p r e v e n t  t he  re s i d u e  h az a rd
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A B S T R A C T

A fi e ld  e x p e r i m e n t  was c o n d u c t e d  to s t u d y  the c h e m o d y n a m i c s  of 

c a r b o f u r a n  m  c u c u m b e r  p l a n t s  w h e n  a p p l i e d  as g r a n u l e  in the 

soil The i n s e c t i c i d e  was a p p l i e d  at two d o s e s  of 0 5 a n d 1 5  kg 

a i / h a  at t hr e e o c c a s i o n s  viz s o w i n g  v i n i n g  a n d f l o w e r i n g  s ta g e  

of the c r op  T h e r e s i d u e s  of c a r b o f u r a n  a n d  its m e t a b o l i t e s  w e r e  

e s t i m a t e d  f r o m  the v i n e s  1 ea v es  an d  f r u i t s  at dif ferent 

interval s a f t e r  the i n s e c t i c i d a l  t r e a t m e n t  u s i n g  gas 

c h r o m a t o g r a p h i c  t e c h n i q u e  D i s t r i b u t i o n  of the r e s i d u e s  in the 

v a r i o u s  p o r t i o n s  of f ru i t a n d  the e f f e c t  of d i f f e r e n t  p e r i o d s  of 

s t o r a g e  on the d e g r a d a t i o n  of r e s i d u e s  w e r e  a l s o  s t u d i e d  m  

detail A s a f e  w a i t i n g  p e r i o d  was a l s o  a r r i v e d  so as to a v o i d  

r e s i d u e  h a z a r d s  in c o n s u m p t i o n  of the f r u i t s

The r e s u l t s  i n d i c a t e d  that a b s o r p t i o n  a n d  m e t a b o l i s m  of

c a r b o f u r a n  m  the p l a n t  b e g i n s  s o o n  a f t e r  its a p p l i c a t i o n  m  the 

soil P u r e  c a r b o f u r a n  a nd  the m e t a b o l i t e s  3 OH c a r b o f u r a n  a nd  3

k e t o c a r b o f u r a n  w e r e  d e t e c t e d  in the v i n e s  l e a v e s  and fruit 

s a m p l e s  at 1 3 7 14 21 and 28 d a y s a f t e r  t r e a t m e n t

W h e n  the d i f f e r e n t  p o r t i o n s  of the p l a n t  w e r e  a n a l y s e d  the

h i g h e s t  level of r e s i d u e s  was d e t e c t e d  at d i f f e r e n t  o c c a s i o n s  

Thus m  the v i n e s  the p e a k  level of r e s i d u e s  was s e e n  on the
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f i rst day after treatment where as in the 1 eaves and fruits it

was on the third and seventh day respectively A gradual decline

was noticed thereafter and the residues reached almost non 

detectable by 28th day after treatment in all parts of the 

pi ant

The effect of peeling on residues was studied m  a separate 

experiment and the results indicated that peeling of fruits could 

reduce the residues considerably D is t ribution of carbofuran 

residues in different fruit portions was studied and the results 

indicated that m a x im u m accumulation of the residues took place in 

the top portions of the fruit followed by middle and basal 

portions

Comparing the carbofuran residues m  the flesh and placenta of 

cucumber fruits when treated at the flowering stage of the crop 

it was observed that m a x im u m accumulation of residues of 

carbofuran took place in the flesh portion when compared with the

placenta of the fruit (inner core and seeds)

Effect of storing the fruits on the degrada t io n  of carbofuran

residues showed that m e t ab o li s m and degrad at i on  of the chemical
□

continued even after harvest during the process of storage
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For safe consumption of fruits foil owing carbofuran treatment at 

the flowering stage a waiting period of 25 and 26 days have to be 

given when applled @ 0 5 and 1 5 kg ai/ha respectively


