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Pigeonpea (Cajanus ca jan  L. Mi l l sp )  i s  one of  the major  pu l se  
c rop  of  I n d i a .  The l o s s  of  p igeonpea  c rop  due to pod and f o l i a g e  
p e s t s  i s  s i g n i f i c a n t ,  the major  p e s t s  being pod f l y ,  h a i r y  c a t -  
e r p i l l a r ,  aph ids ,  vahite f l y ,  phmae moth b o r e r ,  l e a f  c a t e r p i l l a r  
and j a s s i d s .  I t  i s  impera t ive  to  save every  g ra in  by chemical  
c o n t r o l  methods but these  t o x i c a n t s  should  not l eave  u n u s u a l l y  
h igh  r e s i d u e s  on the e d i b l e  p a r t s .  In t h i s  paper  we r e p o r t  the 
residue behaviour of three different insecticides namely, 
hexachlorocyclohexane, endosulfan and fluvalinate on this crop. 

MATERIALS AND METHODS 

Pigeonpea v a r i e t y  UPAS-120 was grown a t  Indian  A g r i c u l t u r a l  
Research  I n s t i t u t e ,  New Delhi  du r ing  the summer season of  1987. 
I n s e c t i c i d e s  were HCH (BHC, 10% dus t )  @ 2.5 and 5.0 kg a . i . / h a ;  
endosu l fan  (Thiodan, 35 EC) @ 0.49 and 0.98 kg a . i . / h a  (0.07% and 
0.14% @ 700 L /ha ) ;  and f l u v a l i n a t e  (Mavrik, 25 EC) @ 0.056 and 
0.112 kg a . i . / h a  (0.007% and 0.014% @ 800 L / h a ) .  F i e l d  
experiment f o r  each p e s t i c i d e  was performed in t r i p l i c a t e  on 
t h r e e  d i f f e r e n t  p l o t s  and a t  each dose of  a p p l i c a t i o n .  A c o n t r o l  
experiment  under s i m i l a r  c o n d i t i o n s  was a l s o  conducted .  

The maximum and minimum tempera tu res  du r ing  the c rop  season were 
30.25~ and 10.34~ r e s p e c t i v e l y  wi th  average  r e l a t i v e  humid i ty  
of  58.86%, average  sunshine  hours  were 8 .8 .  The c rop  was r a i s e d  
under i r r i g a t e d  c o n d i t i o n s .  There was no r a i n f a l l  du r ing  t h i s  
s tudy .  

A r e p r e s e n t a t i v e  sample of  green pods (50 g) c o l l e c t e d  on 
d i f f e r e n t  i n t e r v a l s  of time was b lended  th r ee  t imes wi th  ace tone  
(50 mL). 2he e x t r a c t  was c o n c e n t r a t e d  under reduced  p r e s s u r e  and 
d i l u t e d  wi th  s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n  (150 mL). I t  was 
then p a r t i t i o n e d  th r ee  t imes wi th  hexane (30 mL). The e x t r a c t  
was c l eaned -up  by dropvcise a d d i t i o n  of  c o n c e n t r a t e d  s u l p h u r i c  
a c i d  (25 mL), washed wi th  d i s t i l l e d  wate r  and d r i e d  over  sodium 
s u l f a t e .  The s o l u t i o n  was c o n c e n t r a t e d  to  10 rnb and de te rmined  
by gas l i q u i d  chromatography.  The average  r e c o v e r i e s  f o r  the HCH 
isomers v i z . ,  a lpha ,  b e t a ,  garrma and d e l t a  ranged from 88-91%. 

Send r e p r i n t  r eques t  to  I .  Makherjee a t  the above a d d r e s s .  
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At h a r v e s t  t ime,  p igeonpea  g r a i n s  (25 rag) were homogenized t h r e e  
t imes wi th  a c e t o n i t r i l e - w a t e r  (2 :1 ,  50 mL). The e x t r a c t  was 
f u r t h e r  p a r t i t i o n e d  i n t o  hexane and c l eaned-up  of  c o e x t r a c t i v e s  
as above.  

The h a r v e s t  time pod covers  (husk,  10 g) were e x t r a c t e d  in a 
Soxhlet  w i th  hexane (150 mL) fo r  4 h r .  The e x t r a c t s  were 
s u b j e c t e d  to  c l e a n - u p  in case  of  pods.  

F i f t y  grams of  sample of green pods were homogenized t h r e e  t imes 
wi th  i sop ropano l -hexane  ( 1 : 3 ,  50 mL), and c l eaned  by fo l l owing  
the p rocedure  d e s c r i b e d  by Gopal et  a l .  (1988).  Mean r e c o v e r i e s  
fo r  endosu l fan  a lpha ,  endosu l fan  b e t a  and endosu l fan  s u l f a t e  were 
97%. 

At h a r v e s t  t ime,  the g r a i n s  (25 g) were homogenized in a b l ende r  
with acetonitrile-water (2:1, I00 mL). It was diluted with 
saturated solution of sodium chloride and partitioned three times 
with hexane (30 mL). 

The d r i e d  pod covers  (husks 10 g) were e x t r a c r t e d  wi th  hexane 
(100 mL) in a Soxhlet  appa ra tus  f o r  4 h r .  The c l e a n - u p  was 
e f f e c t e d  as given above.  

Samples of  p igeonpea  (green pods ,  50 g) were e x t r a c t e d  and 
r e s i d u e s  q u a n t i f i e d  by gas l i q u i d  chroamtography us ing  a 
p rocedure  d e s c r i b e d  by Gopal et  a l .  (1987a) .  Recover i e s  ranged 
from 95-97%. 

Conf i rmat ion  t echn iques  were a p p l i e d  by making use of a l t e r n a t e  
cohmm packing  of  d i f f e r e n t  p o l a r i t y  in GI/;. 

The samples were a n a l y s e d  by gas l i q u i d  chrcrnatogral:hy us ing  
Varian 3400 GI_C f i t t e d  wi th  an e l e c t r o n  cap tu re  d e c t o r  (Ni 63).  
The cohmm used fo r  the e s t i m a t i o n  of  HCH, endosu l fan  and 
f l u v a l i n a t e  was 1.5% OV 17+1.95% OV 210 on chrcmosorb ~ and 
n i t r o g e n  f low r a t e  ma in t a ined  a t  30 mL/min. 

The taz~peratures ma in t a ined  were colurrm 175~ i n j e c t o r  200~ and 
d e t e c t o r  250~ fo r  d e t e r m i n a t i o n  of  }~-]H r e s i d u e s .  The l i m i t  of 
d e t e c t i o n  of  a lpha ,  b e t a ,  garrma and d e l t a  were 0 .02,  0.014,  
0.005 and 0.006 ug/g r e s p e c t i v e l y .  

Endosul fan  samples were ana lysed  a t  t empera tu res  of  cohrrm 225~ 
and d e t e c t o r  275~ The l i m i t  of  d e t e c t i o n  from f o r t i f i e d  
samples were 0 .06,  0.07 and 0.01 ug/g  fo r  all=ha e n d o s u l f a n ,  b e t a  
endosu l fan  and endosu l fan  s u l f a t e  r e s p e c t i v e l y .  

F l u v a l i n a t e  was e s t i m a t e d  i s o t h e r m a l l y  a t  t empera tu res  of  column 
250~ i n j e c t o r  265~ and d e t e c t o r  300~ The l i m i t  of  d e t e c t i o n  
fo r  f l u v a l i n a t e  under the above s t a t e d  c o n d i t i o n s  was 0.01 ug /g .  
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RESULTS AND DISCUSSION 

The cumulative HCH residues dissipated from the crop rapidly 
cclnpared to the loss of endosulfan and fluvalinate. It is 
pointed out that emulsifiable concentrate of endosulfan and 
fluvalinate were used while dust formuation of HCH was applied. 
The initial deposits of total HCH, endosulfan and fluvalinate 
were 13.19, 6.82 and 0.43 ug/g respectively at the reconmoended 
doses. The values vary greatly because of the difference in the 
rate of application. The loss of HCH was 97% in 15d samples 
while in endosulfan and fluvalinate the loss was recorded as 85% 
and 94% respectively in the same time period at the lower dosage 
of application. The initial loss of the insecticide (i.e. from 0 
to id) was 62%, 45% and 14% in endosulfan, ~ and fluvalinate 
respectively. 

It is evident from Table i and Figure 1 that alpha and garmm 
isomers of HCH dissipate faster than beta and delta isomers. The 

T a b l e  1. HCH residues a (ug /g )  p i g e o n p e a  

Sampling Rate  b of  T o t a l  % d i s -  
day a p p l i -  a l p h a  b e t a  garrma d e l t a  HCH s i p a -  

c a t i o n  t i o n  

O ( l h r )  2 .5  8.17 1.76 2.35 0.91 13.19 
5.0 23.97 3.58 6.05 1.61 35.21 

1 2.5 5.03 1.29 0.46 0.43 7.21 45.3 
5.0 14.15 2.38 1.16 1,54 19.23 45.3 

3 2.5  1.63 0.63 0.05 0.12 2,43 81,4  
5.0 8.72 1,34 0.38 0.29 10.73 69.5 

8 2 .5  0.19 0.43 0.01 0.05 0.68 94.8 
5.0 1.95 0.87 0.03 0.12 2.97 91.5 

10 2.5  0.11 0.38 0.008 0.036 0.53 95.9 
5.0 0.95 0.30 0.01 0.05 1.31 96.2 

15 2.5  0.08 0.30 0.005 0.02 0.405 96.8  
5.0 0.12 0.24 0.005 0.03 0 .39 98.8 

Ha rves t  2 .5  0.26 1.66 0.07 0.07 2.06 - 
Pod cove r  

Gra in  0.07 0.02 0.006 0.01 0.11 - 
5.0 0.43 3.90 0.11 0.26 4.70 - 

Pod cove r  
Gra in  0.07 0.05 0.008 0.04 0.16 - 

aAverage of  t h r e e  r e p l i c a t e s ,  b kg a . i . / h a  

a n a l y t i c a l  samples  of  HCH i s o m e r s  were o b t a i n e d  by r e p e a t e d  
r e c r y s t a l l i s a t i o n  of  ~ r t .  I t  i s  a p p a r e n t  from the  d a t a  (Tab l e  l )  
t h a t  b e t a  t e n d s  to  p e r s i s t  w i t h  t i m e .  T i l l  d a t e ,  t h e r e  i s  no 
e v i d e n c e  of  m e t a b o l i c  i n t e r c o n v e r s i o n  of  the  i somers  in  t he  p l a n t  
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Figure I. Decline of HCH isomers 
on pigeonpea 

according to Kalra et al. (1988). The waiting period of total 
HCH on pigeonpea cannot yet be suggested as its Maximtma Residue 
Limit has not yet been doctm~ented. 

Endosulfan is an effective cyclodiene insecticid~ against pod 
borers and has been recorrmended by All India Coordinated Research 
Project on Pulses. It is evident frcrn the work reported by 
Santharam (1981) that endosulfan has been found to be more 
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e f f e c t i v e  a g a i n s t  pod b o r e r s  as compared to  b i o l o g i c a l  c o n t r o l  by 
n u c l e a r  p o l y h e r o s i s  v i r u s  (NPV). 

The d a t a  in Table  2 r e v e a l s  t h a t  endosu l fan  s u l f a t e ,  a t o x i c  
m e t a b o l i t e  of  endosu l fan  appears  in the 2d samples ,  b u i l d s  up in 

T a b l e 2 .  Endosul fan  r e s i d u e s  a (ug /g)  in p igeonpea  

Sampling Rate b of  a lpha  Endo- To ta l  %Dissi-  
day a p p l i -  a lpha  b e t a  + su l f an  endo- p a t i o n  

c a t i o n  s u l -  su l f an  
f a t e  

O(lhr) 0.49 0.04 2.78 6.82 - 6.82 - 
0.98 7.53 6.16 13.69 - 13.69 - 

2 0.49 1.06 1.48 2.54 0.06 2.60 61.87 
0.98 2.24 2.92 5.16 0.I0 5.26 61.58 

5 0.49 0.53 1.13 1.66 0.II 1.77 74.05 
0.98 0.91 1.76 2.67 0.21 2.89 78.89 

9 0.49 0.41 1.02 1.43 0.07 1.50 78.00 
0.98 0.47 1.13 1.60 0.14 1.74 87.23 

15 0.49 0.21 0.63 0.84 0.05 0.89 86.95 
0.98 0.36 0.90 1.26 0.II 1.37 89.99 

Harvest  0.49 0.06 0.08 0.14 0.01 0.15 - 
g r a i n s  0.98 0.25 0.14 0.39 0.03 0.42 - 

a Average of  t h r e e  r e p l i c a t e s ,  lb  kg a . i . / h a  

the 5d samples and t h e r e a f t e r  d e c l i n e s  g r a d u a l l y .  S imi l a r  
o b s e r v a t i o n  ~ras r e p o r t e d  by Es tesen  (1979) on c o t t o n  in 3d 
samples .  However, Mackneil e t  a l .  (1979) d id  not d e t e c t  any 
endosu l fan  s u l f a t e  on p e a r s ,  pea and grapes  t i l l  the 6th day.  
Endosul fan  s u l f a t e  was p repa red  in the l a b o r a t o r y  by po ta s s ium 
permanganate o x i d a t i o n  of  a lpha  endosu l fan  in p resence  of  a c e t i c  
a c i d .  

F igu re  2 a l s o  i l l u s t r a t e s  t ha t  the l o s s  of  all,ha isomer  i s  f a s t  
as compared to  the  r a t e  of  d e c l i n e  of  the b e t a  isomer.  The 
method of  c l e a n - u p  of  endosu l fan  fo l lowed  in t h i s  experiment has 
been s i m p l i f i e d  as coupared to  t h a t  fo l lowed  by Es tesen  (1979),  
vahere the  c rop  vms e x t r a c t e d  wi th  benzene and c l e a n - u p  a f f e c t e d  
wi th  f l o r i s i l .  

The p e r s i s t e n c e  p a t t e r n  of  f l u v a l i n a t e  has been s t u d i e d  on a 
ntm~er of  o t h e r  crops  v i z . ,  on tobacco  (Chopra, 1977), c o t t o n  
( A g n i h o t r i ,  1986) and t ea  (Gopal,  1987b). F l u v a l i n a t e  has been 
r e p o r t e d  (Ra jakulendran ,  1982) to  be l e s s  t o x i c  to  the  p r e d a t o r  
in tobacco  budv~rm. I t  has  been shown to  be s a f e r  than 
f l u c y t h r i n a t e  and permethr in  (Ra jakulendren ,  1982).  The d a t a  
(Table 3) i n d i c a t e  the r a t e  of  d i s s i p a t i o n  of  f l u v a l i n a t e  frcm 
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Figure 2. Decline of endosulfan isomers and 
its metabolites on pigeonpea 

the crop. At harvest time the residues of fhvalinate were not 
detected in the seeds. This is the first report of the 
persistence of fluvalinate on a pulse crop namely pigeonpea. 
The tolerance level of fluvalinate on pulses has yet to be 
established, the residues data generated may help in proposing 
the MRL of fluvalinate. 

The half lives of garana HCH, total HCH, endosulfan, fluvalinate 
are given in Table 4. HCH and endosulfan persist in pod covers 
in more amounts as compared to fluvalinate at the harvest time. 
Rile HCH and endosulfan were recorded in the harvest grains, 
fluvalinate was not present in harvest grain samples. This 
reinforces the view that the newer pesticides especially the 
synthetic pyrethroids have an edge over the other pesticides due 
to their enhanced activity even at lower dosages of application. 
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Tab le  3. F l u v a l i n a t e  r e s i d u e s  a (ug /g )  in p igeonpea  

Sampling Rate b of Average %Dissipation 
application residues 

0(lhr) 0.056 0.43 - 
0.112 0.88 - 

1 0.056 0.37 14.1 
0.112 0.58 34.0 

4 0.056 0.28 33.8 
0.112 0.30 65.8 

7 0.056 0.08 80.5 
0.112 0.24 72.8 

I0 0.056 0.06 85.2 
0.112 0.13 85.0 

15 0.056 0.02 94.4 
0.112 0.05 94.3 

Harvest 0.056 ND - 
Grains 0.112 ND - 

A Average of  t h r e e  replicates, b kg a.i./ha 
ND - not  d e t e c t a b l e  

Tab le  4. Ha l f  l i f e ,  w a i t i n g  p e r i o d  and r e g r e s s i o n  e q u a t i o n  

Pesticide Rate of Half Life Waiting Regression 
appli- RL5~days ) period equation 
cation (days) Y = 

(kg a.i. 
p e r  ha)  

HCH 2.6 2 I 2.74-0.16x 
(ganTna isomer) 5.0 2 3 2,90-0.02x 
Total HCH 2.5 3 - 2.87-0.I0x 

5.0 3 - 3.41-0.13x 
Endosulfan 0.49 7 8 2.67-0.04x 
(alpha+beta+_ 0.98 5 I0 2.94-0.06x 
sulfate) 0.056 4 - 1.65-0.08x 
Fluvalinate 0.112 4 - 1.82-0.07x 

Acknowledgment. Contribution No. 445. Division of 
Agricultural Onemicals, Indian Agricultural Research Institute, 
New Delhi. 

169 



REFERENCES 

Agnihotri NP, Jain HI(, Srivastava KP (1986) Persistence of 
fluvalinate on cotton plant and translocation of its residues 

into seeds. Pesticides 20(6): 17-19 
Chopra NM, Mahfouz AM (1977) Metabolism of endosulfan in 

tobacco. J Agr Food Ghern 25:3235 
Estesen BJ, Buck NA, Ware 6~N (1979) Dislodgable insecticide 

residues on cotton foliage, permethrin, curacron, fenvalerate, 
sulprofos, decis and endosulfan. Bull Environ Contam Toxicol 
22:245-248 

Gopal M. Mmkherjee I, Dikshit AK, Roy NK, Nagia DK,. Saini ML, 
Sharma SP, Kumar S (1988) Persistence of endosulfan and its 
metabolite on brinjal and gram crop. Indian J Plant Protection 
16:177-183 

Gopal M, Mukherjee I, Roy NK, Das SG, Gope B, Mukherjee S, 
Hazarika TC (1978a) An elegant analytical method for the 
estimation and evaluation of a synthetic pyrethroid in tea. 
Pestology 11(9): 5-10 

Gopal M, Mukherjee I, Roy NK, Das SG, Gope B (1987b) Efficacy of 
fluvalinate against pests of tea and its residue studies. 
Pesticides 22:33-36 

Kalra RL, Singh B, Singh PP, Battu RS (1988) Annual progress 
report of All India Coordinated Research Project on Pesticide 
Residues, Punjab Agricultural University, Luclhiana, India 14-16 

MacNeil JD, Hikichi M (1979) Degradation of endosulfan and 
ethion on pears, pea and grape foliage. J Agr Food (:hem 24: 
608-611 

Rajakulendran SV, Plapp FW (1982) Ccmparative toxicities of five 
synthetic pyrethroids on tobacco budv~rm (Lepidopt era: 
Noctuidae) an Ichneumonid Parasite Ccmpoletis sonorensis and a 
predator chrysopa carbea, J Econ Entomol 75(5): 769-777 

Santharam G, Balasubramanian M, Chelliah S (1981) 
Control of Heliothis armigera (Hubber) on red gram 
(Ca~anus ca~an L.) with nuclear polyherosis virus 
and insecticides. Madras Agr J 680:417-420. 

Received June 15, 1990: accepted December 27, 1990. 

170 


