
Bull. Environ. Contam. Toxicol. (1987) 38:381-387 
�9 1987 Springer-Verlag New York Inc. 

i Snvi~onr.,.~el Contamina t ion  
and Toxicology 

Persistence of Phorate in Different Soils with and without 
Amendments and Its Degradation by a Pseudomonas sp. 

M. Venkatramesh, V. Agnihothrudu, 1 M. S. Mithyantha,* and S. C. Tripathi 

Rallis Agrochemical Research Station, 21 & 22, Peenya Industrial Area Phase II, 
Bangalore 560058, India 

The use of chemicals f o r  the con t ro l  of  a g r i c u l t u r a l  
pests i s  an es tab l i shed  p r a c t i c e  i n  farming systems 
throughout the world today. The environmental hazards 
of these p e s t i c i d e s  has become an alarming problem and 
the degradat ion and d e t o x i f i c a t i o n  o~ these chemicals 
i s  a major f i e l d  of research. The vast  m a j o r i t y  of  the 
500 or so a c t i v e  p e s t i c i d e s  a v a i l a b l e  today can be 
b i o l o g i c a l l y  degraded by microorganisms in  the s o i l .  

During a systemat ic  study of the e f f e c t s  of p e s t i c i d e s  
on the s o i l  m i c r o f l o r a  and t h e i r  a c t i v i t i e s  
(Venkatramesh 198&) i t  was observed t h a t  the 
pers is tence  of phorate i n  s o i l s  and the changes i n  the 
popula t ions of a Pseudomonas sp. were i n t e r r e l a t e d .  We 
repo r t  here these f i n d i n g s .  

MATERIALS AND METHODS 

Four s o i l s  were used in  t h i s  study v i z . ,  red ( U s t a l f ) ,  
l a t e r i t e  (Ustox) ,  b lack (Us te r t )  and a l l u v i a l  
(Aquents). A l l  the  s o i l s  were c o l l e c t e d  from areas of 
no known h i s t o r y  of p e s t i c i d e  use and from the top 0-30 
cm. Some of the impor tant  phys ica l  and chemical 
c h a r a c t e r i s t i c s  of these s o i l s  are given i n  Table 1. 

The s o i l s  were s ieved and 100 g samples were dispensed 
i n t o  po lypropy lene bags measuring 15 x 10 cm. Each 
sample was then thorough ly  mixed w i th  the appropr ia te  
amount of phorate 10% granules (Cyanamid Ind ia  L t d . )  t o  
g ive  a f i n a l  concent ra t ion  of 50 and 100 ppm. Where the 
s o i l s  were amended w i th  f e r t i l i z e r s ~  amm~ium su lphate 
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Table 1. General p h y s i c a l  and chemical c h a r a c t e r i s t i c s  
of the  s o i l s  used i n  the  study 

PROPERTY RED LATERITE  BLACK ALLUVIAL 

Tex tu ra l  c l ass  

Max. water h o l d i n g  
capac i t y  
F i e l d  Capaci ty  

Sandy Sandy Clay Clay 
loam c l a y  loam 

21.&% 38.5% 46.6% 43.9% 
14.0% 24.0% 36.0% 33.0% 

pH 6.4 7 .6  8 .4  7.7 
Organic Carbon % O. 4 1.9 O. 5 1.7 
Minera l  N % 0.01 0.01 0.01 0.01 
C.E.C. me/lOOp 11.3 14.6 77.2 30.9 

s o l u t i o n  (500 ppm- N) and groundnut o i l  cake powder 
(1.5 g) were a lso  added. A l l  t rea tments  were r e p l i c a t e d  
t h r i c e .  Mo is tu re  l e v e l  was mainta ined at  f i e l d  capac i t y  
and the  bags were s tap led .  At v a r i o u s  i n t e r v a l s  over a 
pe r iod  of  s i x t y  days, samples were drawn f o r  the  
v a r i o u s  analyses.  

Ten gram samples (wet weight )  of  s o i l  was drawn from 
each treatment after mixing the soil in each pouch 
thoroughly. The samples from the three replicates was 
pooled together and a further 10 g sample was taken For 
plating. Another 10 g sample was taken for moisture 
determination. The samples for plating were passed 
through a dilution series of up to 10 D and the 
app rop r i a t e  d i l u t i o n s  used f o r  enumerating the 
m ic rob ia l  p o p u l a t i o n s .  For b a c t e r i a  a d i l u t i o n  of 10 m 
and Tho rn ton ' s  agar medium were used. Standard 
procedures were f o l l owed  for p l a t i n g  (Johnson et  a l . ,  
1959). B a c t e r i a l  c o l o n i e s  were counted f i v e  days a f t e r  
i n c u b a t i o n  at  30 C. Pseudomonas sp. were i d e n t i f i e d  by 
the  f l u o r e s c e n t  na tu re  of  the  c o l o n i e s  on these p l a t e s  
and were recorded s e p a r a t e l y .  I n i t i a l l y ,  the  c o l o n i e s  
were i s o l a t e d  and grown on K i n g ' s  basal medium which i s  
s p e c i f i c  f o r  Pseudomonas t o  con f i rm  the  i d e n t i t y  o f  the  
c o l o n i e s .  

The s o i l  remain ing i n  the  pouches a f t e r  drawing the 
samples f o r  p l a t i n g  was used f o r  res idue  a n a l y s i s .  
Phorate was ex t r ac ted  and analysed by a m o d i f i c a t i o n  of 
the  method descr ibed by Zweig and Sherma (1972) and 
est imated on a Var ian 3700 gas chromatograph equipped 
w i t h  a t he rm ion i c  s p e c i f i c  d e t e c t o r .  The GC c o n d i t i o n s  
used f o r  the  a n a l y s i s  were: Column used was 5% 0V-101 
on 60-80 mesh chromosorb G, 50 cm long,  0 .3  cm d ia ;  
temperatures set (=C) were column 200, de tec to r  230, 
and i n j e c t o r  220; gas f l ow  r a t e s  were (cc/min)  n i t r o g e n  
( c a r r i e r )  30, hydorgen 4 and a i r  140; a t t e n u a t i o n  was 4 
x 10-I~;  range of s tandards used f o r  c a l i b r a t i o n  was 40 
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to  200 ng; and r e t e n t i o n  t ime was 1.5 min. 

The res idue from the e x t r a c t i o n  step was dissolved in  
5-15 ml acetone and 1-2 ~ I  i n j e c t e d  fo r  res idue 
ana lys is .  The sample peak heights  were c a l i b r a t e d  
against  a standard curve. In order to  i d e n t i f y  the 
metabo l i te  peak appearing in the s o i l  e x t r a c t s ,  
a n a l y t i c a l  standards of the two metabo l i tes  v i z . ,  
phoratoxon and phorate s u l f o x i d e  were a lso i n j e c t e d  
under s i m i l a r  condi t ions  as for  phorate.  

Al l  the data were analysed s t a t i s t i c a l l y  by the 
f a c t o r i a l  method, the f a c t o r s  being s o i l ,  t rea tment  and 
t ime of sampling a f t e r  t reatment  ( i n t e r v a l ) .  

RESULTS AND DISCUSSION 

The d i s s i p a t i o n  of phorate from s o i l s  showed a d e f i n i t e  
t reatment  e f f e c t  and phorate s u l f o x i d e  was the major 
m e t a b o l i t e  f o r m e d .  T h i s  i s  r e p r e s e n t e d  i n  F i g .  1 .  T h e  
f e r t i l i z e r  amendments a l t e r e d  the d i s s i p a t i o n  of 
phorate (Tables 2a) and these e f f e c t s  var ied  between 
s o i l s  and between the amendments. In a l l  the s o i l s ,  
except l a t e r i t e ,  ammonium sulphate re tarded  degradation 
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Figure 1 GC P l o t s  of Phorate and Phorate s u l f o g i d e  

along with the  Standards 
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w h i l e  groundnut o i l  cake hastened i t .  Whi le the  e f f e c t  
due t o  ammonium su lpha te  was not  s i g n i f i c a n t  
s t a t i s t i c a l l y  i n  any of t he  s o i l s ,  t h a t  due t o  
groundnut o i l  cake was s i g n i f i c a n t  i n  red and l a t e r i t e  
s o i l s  which recorded 40 and 51 % lower res idues  
r e s p e c t i v e l y  a f t e r  s i x t y  days. In  a l l  o ther  cases even 
though the re  i s  a 7-28 % v a r i a t i o n  i n  the  res idue  
l e v e l s  over the  unamended t rea tments  w i t h  the  same 
c o n c e n t r a t i o n  of phora te ,  t he re  i s  no s t a t i s t i c a l  
s i g n i f i c a n c e .  Th is  may be due t o  the  f a c t  t h a t  the  
v a r i a t i o n s  repor ted  here are represent  an average of 
a l l  v a r i a t i o n s  o c c u r r i n g  i n  the  s i x t y  days pe r i od .  Th is  
f a c t  i s  s t renghthened by the  observa t ion  t h a t  i n  the  
case of t rea tment  versus i n t e r v a l  i n t e r a c t i o n  (Table 
2b) ,  s i g n i f i c a n t  v a r i a t i o n s  were no t i ced .  

These v a r i a t i o n s  i n  the degradat ion  r a t es  showed a good 
i n t e r r e l a t i o n s h i p  w i t h  the  p o p u l a t i o n s  of  a f l u o r e s c e n t  
Pseudomonas sp. In the  unamended s o i l s  the  popu la t i ons  
of t h i s  bacter ium increased w i t h  the  i n c r e a s i n g  
p e s t i c i d e  c o n c e n t r a t i o n  i n  a l l  the  s o i l s  except b lack 
s o i l  where t he re  was no e f f e c t  (Table 3a).  In t he  case 
of the  amendments, ammonium su lpha te  recorded lower 
numbers than c o n t r o l  i n  a l l  s o i l s  and t h i s  r e d u c t i o n  
ranged from 16-53 %. However, s t a t i s t i c a l  s i g n i f i c a n c e  
was no t i ced  on l y  i n  the  case of  i n t e r a c t i o n s  (Table 3b) 
i n d i c a t i n g  t h a t  the e f f e c t s  va r i ed  depending on s o i l  
type and i n t e r v a l .  Groundnut o i l  cake amendment 
recorded a s t a t i s t i c a l l y  s i g n i f i c a n t  s t i m u l a t i o n  up t o  
the 25th day and by the  &Oth day t he re  was no e f f e c t .  

In the present  s tudy ,  phorate  degraded t o  unde tec tab le  
l e v e l s  i n  25-40 days i n  a l l  the  s o i l s  though i n  red and 
l a t e r i t e  s o i l s  i t  p e r s i s t e d  up t o  60 days a t  100 ppm. 
The amendments a l t e r e d  these degradat ion r a t es  and i n  
some cases were s t a t i s t i c a l l y  s i g n i f i c a n t .  The major 
me tabo l i t e  detected i n  t he  a n a l y s i s  was phorate 
s u l f o x i d e  and i t s  l e v e l  increased w i t h  the inc rease i n  
degradat ion of  phorate .  Thus the  h ighes t  l e v e l  of  t h i s  
me tabo l i t e  was seen i n  groundnut o i l  cake amended 
s o i l s .  The s u l f o x i d e  was q u i t e  s t a b l e  and so increased 
w i t h  t ime.  There are no r e p o r t s  i n  the  l i t e r a t u r e  on 
the  e f f e c t  of  amendments on the  degradat ion of  phora te .  
However, Chapman e t  a l .  (1982) repor ted  the  enhanced 
degradat ion  of phorate i n  n a t u r a l  s o i l s  when compared 
t o  s t e r i l i z e d  s o i l s  and phorate  s u l f o x i d e  was the  major 
me tabo l i t e .  

In the  present  s tudy Pseudomonas sp. increased w i t h  
i n c r e a s i n g  c o n c e n t r a t i o n  o~ phora te .  F u r t h e r ,  i t  was 
a lso  seen t h a t  s o i l s  amended w i t h  ammonium su lpha te  
recorded very  low p o p u l a t i o n s  of  t h i s  bacter ium w i t h  
subsequent s low,  degradat ion  w h i l e  groundnut o i l  cake 
amended s o i l  w i t h  100 ppm phorate  showed a remarkable 
inc rease i n  the  growth of  t h i s  bacter ium w i t h  a r a p i d  
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Table 2a Residues o~ phorate i n  d i f f e r e n t  s o i l s  w i t h  
and w i t h o u t  amendments (mg phora te /g  s o i l )  

SOIL TREATMENT DAYS AFTER INCUBATION 

3 10 25 40 60 

RED 

Cont ro l  ND ND ND ND ND 
50ppm 0.043 0.010 0.005 ND ND 
lOOppm 0.100 0.026 0.018 0.021 0.013 
IOOppm+(NH4)=SO~ 0.112 0.034 0.023 0.022 0.007 
lOOppm+GN o i l  cake 0.092 0.007 ND ND ND 

Cont ro l  ND ND ND ND ND 
50ppm 0.030 0.005 0.006 0.007 ND 

LATE- lOOppm 0.084 0.023 0.020 0.018 0.017 
RITE 100ppm+(NH4)=S04 0.078 0.030 0.024 0.019 0.017 

lOOppm+GN o i l  cake 0.064 0.010 ND ND ND 

Cont ro l  ND ND ND ND ND 
50ppm 0.024 0.005 ND ND ND 

BLACK lOOppm 0.083 0.015 0.006 0.008 ND 
IOOppm+(NFL~)=S04 0.093 0.024 0.009 0.015 0.005 
lOOppm+GN o i l  cake 0.075 0.009 ND ND ND 

Cont ro l  ND ND ND ND ND 
50ppm 0.055 0.012 ND ND ND 

ALLU- lOOppm 0.120 0.027 0.014 0.011 ND 
VIAL 100ppm+(NH4)=S04 0.121 0.028 0.025 0.021 0.006 

lOOppm+GN o i l  cake 0.133 0.019 ND 0.006 ND 

SEm+/- = 0.02 

CDo.o~ f o r  i n t e r v a l  = 0.06 CDo.o~ f o r  t rea tment  = O.O& 
CDo.om f o r  t rea tment  x i n t e r v a l  i n t e r a c t i o n  = 0.04 

Table 2b Two way t a b l e  f o r  t rea tment  x i n t e r v a l  
i n t e r a c t i o n  

INTERVAL 3 10 25 40 60 TOTAL 

TREATMENT 

Contro l  0.00 0.00 0.00 0.00 0.00 0.00 
50 ppm 0.15 0.03 0.02 0.02 0.01 0.23 
100 ppm 0.39 0.09 0.06 0.06 0.04 0.64 
100 ppm+(NH4)=S04 0.40 0.12 0.08 0.08 0.04 0.72 § 
100 ppm+GN O i l  Cake 0.36 0.05 0.01 0.01 0.00 0 .43-  

TOTAL 1.30 0.29 0.17 0.17 0.09 

" + "  i n d i c a t e s  s i g n i f i c a n t  i nc rease  over 100 ppm a lone 
and " - ' i n d i c a t e s  s i g n i f i c a n t  decrease over 100 ppm a lone 
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Table 3a E f f e c t  o f  phorate on Pseudomonas sp 
p o p u l a t i o n s  i n  t he  s o i l  ( *  Average of  3 
r e p l i c a t e s )  

SOILS TREATMENTS COLONY COUNT DAYS AFTER INCUBATION 
(X 1 0 = ) "  

3 10 25 40 60 

RED 

Cont ro l  16.0 7.2 4 .5  1.2 3.3 
50ppm 42.4 24.2 24.1 11.1 17.8 
lOOppm 70.1 39.8 31.6 15.0 26.7 
IOOppe+(NH4)=S04 14.8 3.8 1.1 1.2 0 .0  
lOOppm+GN o i l  cake 774.9 231.1 85.4 19.2 48.3 

Cont ro l  72.3 53.4 57.0 63.6 60.2 
50ppm 49.8 67.8 62.3 86.7 61.0 

LATE- lOOppm 69.0 b6.2 91.0 89.9 57.0 
RITE 100ppm+(NH4)=S04 72.8 62.9 68.0 42.1 11.6 

lOOppm+SN o i l  cake 627.4 460.3 194.2 125.6 76.2 

Cont ro l  l&.& 18.0 17.8 19.6 15.1 
50ppm 23.4 19.9 14.2 7 .2  8.0 

BLACK lOOppm 21.0 26.5 8 .2  14.3 8.4 
100ppm+(NH4)=S04 23.4 9.9 4.1 1.4 4.4 
lOOppm+GN o i l  cake 341.1 194.1 13.7 0 .0  4.4 

Cont ro l  70.0 1&.5 15.3 30.9 9 .8  
50ppm 78.0 22.5 37.5 36.0 16.3 

ALLU- lOOppm 63.5 17.4 23.1 22.6 10.3 
VIAL 100ppm+(NH4)=S04 46.2 17.9 1.7 0.9 0 .5  

lOOppm+GN o i l  cake 345.5 820.7 13.1 0.0 18.7 

Table 3b T~o ~ay t a b l e  f o r  t reatment  x i n t e r v a l  
i n t e r a c t i o n  

INTERVAL 3 10 25 40 &O TOTAL 

TREATMENT 

Cont ro l  175 95 95 115 88 568 
50 ppm 194 134 138 141 103 710 
100 ppm 224 150 154 142 102 772 * 
100 ppm+(NH4)=S[14 157 94 75 46 17 389 
100 ppm+GN O i l  Cake 2089 + 1706 § 306 § 145 83 4329 § 

TOTAL 2839 2179 768 589 393 

SEm+/- = 92.25 CDo.om f o r  t reatment= 258.03 
CDo.oB fc~" s o i l =  295.77 CD~.om f o r  i n t e r v a l =  258.03 
CDo.o~ f o r  t rea tment  x i n t e r v a l  i n t e r a c t i o n  = 197.0 

" + "  i n d i c a t e s  s i g n i f i c a n t  inc rease  over c o n t r o l  
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degradation when compared to  unamended s o i l s  wi th the 
same amount of phorate. Therefore, i t  seems l i k e l y  tha t  
t h i s  Pseudomonas sp. i s  responsib le f o r  the degradation 
of phorate. In an e a r l i e r  study, Ahmed and Casida 
41958) reported that  whi le the yeast Torulopsis u t i l i s  
and the green alga Ch lo re l l a  pyrenoidosa were able to  
degrade phorate in pure c u l t u r e ,  the bac ter ia  
Pseudomonas f luorescens and T h i o b i c i l l u s  th ioox idans 
were not able to  ox id ise  the pes t i c i de  but were able to  
hydrolyse i t .  

In the present study i t  can be seen t h a t  a f t e r  ten to  
twenty days the populat ions of Pseudomonas dropped 
d r a s t i c a l l y  in the groundnut o i l  cake amended s o i l s  and 
there was a rapid increase in the leve l  of phorate 
su l fox ide  i nd i ca t i ng  the t o x i c i t y  of t h i s  metabol i te to  
the bacterium. 

The data presented here s t rong ly  suggest tha t  the 
Pseudomonas sp. i so la ted  i s  able to  degrade phorate in 
the so i l  and the major metabol i te i s  phorate su l fox ide .  
Further the e f f e c t s  of the amendments on t h i s  bacterium 
are r e f l e c t e d  on the degradation of phorate in s o i l s  
having these amendments. 
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