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S o i l  i s  t h e  r e p o s i t o r y  o f  a l l  t y p e s  o f  c h e m i c a l  i n p u t s  i n c l u d i n g
insec t i c ides ,  genera l ly  app l ied  to  the  c rop  f i e lds  to  combat  insec t
pests  for  better  crop production. As organic substance of any kind
cannot  escape  the  ons laught  o f  mic rob ia l  degrada t ion ,  insec t i c ides
are no exceptions.  Generally,  insecticidal  residues are degraded by
soil  microorganisms to derive energy, carbon and other nutrients for
their  growth and metabolism (Bollag 1982) result ing in an increase
in  popula t ion  of  ac t ive  microoganisms  which  favourab ly  in f luence
t h e  t r a n s f o r m a t i o n  o f  p l a n t  n u t r i e n t s  i n  s o i l  ( R a n g a s w a m y  a n d
Venkateswarlu 1993). On the other hand, there are some insecticides
w h i c h  h a v e  d e l e t e r i o u s  e f f e c t  o n  t h e  a c t i v i t i e s o f  b e n e f i c a l
microorganisms in soil .  Yet,  those insecticides are degraded in soil
through cometabol i sm. The insecticidal e f f e c t s  o n soil
microorganisms and their associated transformations of nutrients are
v e r y  s p e c i f i c , s i n c e  i n d i v i d u a l  m e m b e r s  w i t h i n  a  g r o u p  v a r y
mani fo ld  in  tox ic i ty  (S imon-Sylves t re  and  Fourn ie r  1979) .  In  the
present experiment,  an attempt has been made to study the influence
o f  p h o r a t e  ( O , O - d i e t h y l - S - e t h y l t h i o m e t h y l - d i t h i o p h o s p h a t e )  a n d
carbofuran (2,3-dilydro-2,2-dimethyl benzofuran-7-yl-methylcarbamate) at
their field rates on the mineralization and avialabili ty of C, N and P
in alluvial  soil .  The persistence of the insecticidal residues in soil
was also studied.

MATERIALS AND METHODS

T w o  s y s t e m i c  g r a n u l a r  i n s e c t i c i d e s ,  v i z .  p h o r a t e  ( 1 0 G )  a n d
carbofuran (3G)@ 1.5 and 1.0 kg a. i .  ha-1 respec t ive ly ,  were  mixed
thoroughly  wi th  1kg  a i r  d r ied  and  s ieved  (≤ 2 mm) alluvial soil
(Typic Fluvaquent) collected from the top soil layer (0-10 cm) of
t h e  f a r m  o f  B i d h a n  C h a n d r a  K r i s h i  V i s w a v i d y a l a y a ,  M o h a n p u r ,
N a d i a ,  I n d i a  a n d  h a v i n g  t h e  g e n e r a l  c h a r a c t e r i s t i c s  a s  :  w a t e r
holding capacity (%) 50.5,  pH (1:2.5 in water)  7.3,  CEC [cmol (p +)
k g- 1]  8 .77 ,  o rgan ic  C  (g  kg- 1)  5.85,  total  N (g kg- 1)  0 . 5 7 ,  N H4

+ -  N
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( m g  k g- 1)  5 4 . 2 ,  N O3

- -  N  (mg  kg- 1)  16.2,  available P (mg kg- 1)  5 . 7 5 ,
s a n d  ( % )  6 6 . 6 ,  s i l t  ( % )  2 5 . 0  a n d  c l a y  ( % )  8 . 4 . A f t e r  m i x i n g
insec t i c ides ,  the  so i l s  were  p laced  separa te ly  in  ea r thenware  po t s
adjusting water content to 60% of water holding capacity.  To avoid
photodegradation of insecticides,  the pots were covered with black
polyethylene sheet and were incubated in dark at  30°C ± l°C for 60
days.  All  the treatments were replicated thrice.  After the incubation
period of 0(lhr), 15, 30, 45 and 60 days, soil samples were collected
f rom the  rep l ica ted  po ts  o f  each  t rea tment  and  were  ana lysed  for
organic C, total  and inorganic N following the methods as outlined
by Jackson (1973). Ava i lab le  P  was  es t imated  in  NaHCO3 e x t r a c t
(Olsen et al. 1954) calorimetrically (Jackson 1973).

The  so i l s  were  a l so  ana lyzed  for  the  p resence  of  res idues  o f  the
insecticides by drawing samples after  0(1 hr) ,  5,  10,  15,  30,  45 and
60 days of incubation. To analyse the residues of phorate,  50 g soil
s a m p l e  w a s  e x t r a c t e d  w i t h  1 0 0  m L  c h l o r o f o r m  i n  a  s o x h l e t
ex t rac t ion  appara tus .  The  ex t rac t  was  then  concen t ra ted  to  10  mL
in  a  Kuderna-Danish  evapora to r  and  was  c leaned  th rough  a  g lass
c o l u m n  ( 2 8  c m  x  2  c m )  c o n t a i n i n g  a  5  c m  l a y e r  o f  a n l y d r o u s
N a2S O4 over la id  wi th  5g  absorben t  mix tu re  o f  charcoa l ,  ce l i t e  and
MgO (2:2:1) activated before use at 110°C for 2 to 3 hours.
Residual phorate in the extract was estimated calorimetrically (Getz
and Watts 1964) as modified by Jain et al. (1974). The recovery rate
of phorate in soil sample was fixed at 87%.

To analyze carbofuran resudues, 50 g soil sample was extracted with
100 mL acetone in a soxhlet  extraction apparatus.  The extract was
then  par t i t ioned  wi th  NaCl -sa tu ra ted  wate r  and  ch lo roform th r ice
a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  M e h e r  e t  a l .  ( 1 9 8 5 )  f o l l o w e d  b y
cleaning with a glass column (30 cm x 2 cm) containing a layer of
a n h y d r o u s  N a2S O4 overlaid with a 5 cm layer of absorbent mixture
of charcoal and celite (1:1) activated before use at 110 °C for 2 to 3
hours. The extract  was evaporated to dryness and was taken up in
2mL acetone. Carbofuran  was  hydro lysed  wi th  s t rong  a lka l i .  The
l ibe ra ted  pheno l  was  coup led  wi th  1 - f luoro-2 ,4 -d in i t robenzene  and
was analysed by GLC (Holden 1973) using a gas chromatograph of
Tracor  MT 200  mode l  equ ipped  wi th  Ni63 electron capture detector.
The aliquot of the extract  was injected in a glass column (180 cm x
6.34 mm) packed with 3% OV-17 stat ionary phase on 80-100 mesh
chromosorb-W(HP). T h e  t e m p e r a t u r e s  o f  i n j e c t o r ,  c o l u m n  a n d
detector were maintained at 275 °C, 225 °C and 250 °C, respectively.
The flow rate of carrier gas (N 2)  was adjusted to 60 mL min- 1.  T h e
recovery  ra te  o f  ca rbofuran  in  so i l  sample  was  f ixed  a t  90%.  For
each insecticide,  the residue values were processed to calculate the
half-life (T½ ) following the method of Hoskins (1961).
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RESULTS AND DISCUSSION

Organic C content of the soil ,  in general,  decreased gradually with
t ime  (Tab le  1 )  due  to  the  u t i l i za t ion  o f  ca rbonaceous  mate r ia l s  by
the increased microbial  biomass result ing in a greater breakdown of
organ ic  mat te r  wi th  a  subsequen t  loss  o f  CO2 f r o m  s o i l  ( D e b n a t h
et  a l .  1994) . In  accordance  wi th  the  ea r l i e r  r epor t  (Mur thy  e t  a l .
1991), application of insecticides, particularly phorate, enhanced the

Table 1.  Influence of insecticides on organic C and total  N content
in soil

minera l i za t ion  o f  o rgan ic  C  in  so i l .  A  s imi la r  t r end  was  recorded
for  to ta l  N conten t  (Table  I ) ,  mani fes t ing  den i t r i f i ca t ion  fo l lowing
a n  e n h a n c e d  m i c o b i a l  m i n e r a l i z a t i o n  o f  o r g a n i c  N  i n  s o i l . The
stimulating influence of the insecticides on microbial mineralization
of  o rgan ic  N  (S ingh  and  Prasad  1991)  b rough t  abou t  a  s ign i f i can t
r e d u c t i o n  o f  t o t a l  N  c o n t e n t ,  w h i c h  w a s  m o r e  p r o u o u n c e d  w i t h
phorate (17.9%) followed by carbofuran (14%).

T h e  g r e a t e r  m i n e r a l i z a t i o n  o f  N  f o l l o w i n g  t h e  a p p l i c a t i o n  o f
insecticides resulted greater increase in the amounts of NH4

+- N  a n d
N O3

-- N  i n so i l  (Tab le  2 ) ,  the  inc rement  be ing  more  p rounced  fo r
N H4

+ - N  w i t h  p h o r a t e  a n d  c a r b o f u r a n  u p  t o  1 5  a n d  3 0  d a y s ,
respectively while both the insecticides recorded an incessant r ise in
N O3

--N up  to  the  end  of  the  exper iment .  Th is  ind ica ted  tha t  the
insec t ic ides  p robab ly  s t imula ted  the  g rowth  and  ac t iv i t i e s  o f  bo th
ammonifying and nitrifying microorganisms which, in turn, released
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Table 2. Influence of insecticides on inorganic N and available P content in soil

larger amounts of mineral N into the soil (Das and Mukherjee 1994).
In  genera l ,  so i l  r e ta ined  h igher  amounts  o f  NH4

+- N  t h a n  N O3

-- N ,
indicating that the process of ammonification was faster than that of
nitrification. Be tween  the  two  insec t i c ides ,  phora te  re leased  more
a m o u n t s  o f  m i n e r a l  N  t h a n  c a r b o f u r a n  d i d .  I n c o r p o r a t i o n  o f
insecticides also brought about a significant r ise in the availabil i ty
o f  s o l u b l e  P  d u e  t o  t h e  g r e a t e r  s t i m u l a t i o n  o f  t h e  a c t i v i t i e s  o f
p h o s p h a t e  s o l u b i l i z i n g / m i n e r a l i z i n g  m i c r o o r g a n i s m s  ( A r o r a  a n d
Gaur 1979) in soil .  Between the two insecticides,  phorate l iberated
more amount of available P as compared to carbofuran.

The persistence of the insecticides residues in soil  varied (Table 3).
Between the two insecticides,  the rate of dissipation of carbofuran
res idues  was  fas te r  than  tha t  o f  phora te ,  dep ic t ing  the  ha l f - l ives
( T½ )  8 . 8  a n d  1 1 . 5  d a y s ,  r e s p e c t i v e l y . T h i s  c o r r o b o r a t e s  t h e
f ind ings  o f  Sahu  and  Agniho t r i  (1983) ,  and  Das  e t  a l .  (1995)  who
a l s o  r e c o r d e d  t h e  T½ o f  t h e  s a i d  i n s e c t i c i d e s  8 . 6  a n d  1 6 . 4  d a y s ,
respectively. A s  m i c r o b i a l  d e g r a d a t i o n  i s  t h e  m a i n  c a u s e  o f
d i s s i p a t i o n  o f  i n s e c t i c i d e s  i n  s o i l  ( R a c h e  a n d  C o a t s  1 9 8 8 ) ,  t h e
results pointed out that the soil microorganisms might have utilized
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D a y s

Figure 1. Linear regression of first order reaction kinetics of phorate          and
carbofuran         residues in soil

Table 3. Persistence of insecticidal residues in soil
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the insecticides as well  as their  degraded products for their  growth
and metabolism (Bollag 1982).  I t  was also revealed that  the rate of
dissipation of both the insecticides were very rapid during early days
a n d  n o  r e s i d u e s  o f  c a r b o f u r a n  w a s  d e t e c t e d  a f t e r  4 5  d a y s  o f
incubation. T h e  d e g r a d a t i o n  o f  b o t h  t h e  i n s e c t i c i d e s  i n  s o i l
followed first order reaction kinetics (Fig. 1) which was also evident
from significant correlation coefficient (r).

The results of the present investigation thus indicated that phorate
a n d  c a r b o f u r a n  w e r e  n o t  o n l y  l e s s  p e r s i s t e n t  i n  s o i l  b u t  a l s o
stimulated the microbial mineralization of nutrient elements,  which
in turn, released more amounts of available nutrients in soil.
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