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I .  IN T R O D U C T IO N

W eeds h a ve  been  a p ro b le m  fo r  m a n  ever s in c e  he  to o k  to  d o m e s tic a t io n  

o f  p la n ts  a n d  th e re fo re , w eed  m a n a g e m e n t seem s to  be as  o ld  as a g r ic u ltu re  

its e lf .  T h e  g lo b a l lo ss  o f  food  p ro d u c t io n  d u e  to  w eeds w a s  e s t im a te d  to  be  2 8 7  

m il l io n  m e tr ic  to n s  p e r  a n n u m  a c c o u n t in g  fo r  11 .5  p e r c e n t o f  to ta l food  

p ro d u c t io n  (P a rk e r a n d  F ry e r, 1975). In  In d ia  o u t  o f  th e  to ta l a n n u a l lo s s  o f  

a g r ic u l tu ra l  p ro d u c e , d u e  to  v a r io u s  p e s ts ; w eeds a c c o u n t fo r  4 5  p e r  ce n t, 

in s e c ts  3 0  p e rc e n t ,  d ise a se s  2 0  p e r c e n t a n d  o th e r  p e s ts  5  p e r c e n t  (Rao, 1983). 

D u r in g  1992 , th e  y ie ld  lo ss  in  In d ia  d u e  to  w eeds a lo n e  w a s  3 0  p e r  c e n t v a lu e d  

a t Rs. 1 ,9 8 0  c ro re s  (M u k h o p a d h y a y , 1992 ; D h a n a ra j,  1994). T im e ly  c o n tro l o f 

w eeds c a n  s u b s ta n t ia l ly  c o n t r ib u te  to  th e  in c re a s e  in  c ro p  y ie ld s , w h ic h  ca n  be 

a ch ie ve d  e ffe c tiv e ly  u s in g  h e rb ic id e s .

In d ia  ra n k s  s ix th  in  te rm s  o f  p e s tic id e  usa g e  a n d  s e v e n th  in  te rm s  o f 

p ro d u c t io n ,  w h e re a s  th e  c o u n tr ie s  l ik e  J a p a n , E u ro p e  a n d  U n ite d  S ta te s  o f 

A m e r ic a  o c c u p y  th e  f i r s t  th re e  p la ce s  in  te rm s  o f  usa g e  a n d  p ro d u c t io n .  T he  

a c tu a l c o n s u m p t io n  in  1990 -91  on  a ll In d ia  b a s is  w a s  4 7 ,0 7 4  M T  ( te c h n ic a l)  o f 

in s e c tic id e s , 1 7 ,7 7 0  M T  (te c h n ic a l)  o f  fu n g ic id e s  a n d  4 ,8 6 2  M T  (te c h n ic a l)  o f 

h e rb ic id e s .

T h e  p ro g re s s iv e  m o d e rn iz a t io n  o f  In d ia n  a g r ic u ltu re  in v o lv e s  in te n s iv e  

in p u t  l ik e  u se  o f  h e rb ic id e s  to  c o n tro l w eeds. F ro m  a m e re  2 p e r  c e n t s h a re  o f  

th e  to ta l p e s t ic id e  c o n s u m p tio n  in  th e  s e ve n tie s  in  In d ia , h e rb ic id e s  n o w  

a c c o u n t fo r  a b o u t  12 p e r  c e n t o f  th e  p e s tic id e s  m a rk e t.  H e rb ic id e  c o n s u m p tio n , 

h o w e v e r in  o u r  c o u n try  is  s t i l l  m u c h  less  th a n  th a t  in  th e  d e ve lop ed  c o u n tr ie s  

w h e re  h e rb ic id e s  c o n s t itu te s  4 0 -5 0  p e r c e n t o f  th e  to ta l p e s tic id e  c o n s u m p tio n  

(M e h ta , 1992).

T h e  tw o  c o m m o n ly  u se d  h e rb ic id e s  in  In d ia n  a g r ic u ltu re  a re  b u ta c h lo r  

[ N - ( B u t o x y  m e t h y l ) - 2 - c h l o r o - N - 2 ’, 6 ’- d i e t h y l a c e t a n i l i d e ]  a n d  p e n d im e th a lin  [ N - 1 -  

( e t h y l  p r o p y l )  3 - 4  d i m e t h y l  - 2 , 6  d i n i t r o  b e n z e n e a m i n e ] .  B u ta c h lo r  is  a p re  

em ergence  h e rb ic id e  b e lo n g in g  to  c h lo ro a c e ta n il id e  g ro u p  u se d  fo r  th e  c o n tro l



o f  a n n u a l g ra sse s  a n d  c e r ta in  b ro a d  le a ve d  w eeds  in  r ic e , b o th  seeded a n d  

tra n s p la n te d . P e n d im e th a lin  is  a  s e le c tive  d in i t r o  a n il in e  h e rb ic id e  e ffe c tive  

a g a in s t m o s t a n n u a l g ra sse s  a n d  s e ve ra l s m a ll seeded a n n u a l b ro a d  leaved  

w eeds. I t  c a n  be  a p p lie d  p re  e m ergence  a f te r  s e e d in g  in  th e  c e re a ls  m a ize  a n d  

r ice : o r  as s h a llo w  s o il in c o rp o ra t io n  b e fo re  s e e d in g  b e a n s , c o t to n , g ro u n d n u t  

a n d  so yb e a n s .

A m o n g  th e  h e rb ic id e s , b u ta c h lo r  s ta n d s  f i r s t  in  a c tu a l c o n s u m p t io n  a n d  

a c c o u n te d  fo r  1 /  3 ”  ̂o f  th e  to ta l  c o n s u m p tio n  o f  h e rb ic id e s  d u r in g  1 9 9 0 -9 1 . In  

K a rn a ta k a , 6 0  M T  ( te c h n ic a l)  o f  b u ta c h lo r  a n d  2 M T  ( te c h n ic a l)  p e n d im e th a lin  

w e re  e s t im a te d  to  h a ve  b e e n  c o n s u m e d  d u r in g  1 9 9 2 -9 3 . T h e  p ro je c te d  

c o n s u m p tio n  fo r  1 9 9 4 -9 5  is  6 5  M T  (te c h n ic a l)  o f  b u ta c h lo r  a n d  3  M T  ( te c h n ic a l)  

o f  p e n d im e th a lin  (D e p a r tm e n t o f  A g r ic u ltu re ,  G o v t, o f  K a rn a ta k a ) .

T h e  fa te  o f  a n y  h e rb ic id e  d e p e n d s  o n  i ts  p ro p e r t ie s  a n d  th a t  o f  s o ils  to  

w h ic h  i t  is  a p p lie d . H ence , th e  e ffe c tiv e n e s s  o f  h e rb ic id e s  d e p e n d  o n  th e  

s o rp t io n ,  t r a n s p o r t  a n d  d e g ra d a tio n  p rocesses . H e rb ic id e s  a p p lie d  to  c o n tro l 

th e  s p e c tru m  o f  w eeds  s h o u ld  n o t  h a ve  a n y  a d ve rse  o r  p h y to to x ic  e ffe c ts  on  th e  

ta rg e t c ro p . T h e  d e s ire d  d u ra t io n  o f  p e rs is te n c e  o f  h e rb ic id e s  in  th e  s o il is  o fte n  

d ic ta te d  fo re m o s t b y  th e  c r i t ic a l  p e r io d  o f  th e  c ro p  g ro w th .  T h u s , fo r  e xa m p le , 

fo r  r ic e  a h e rb ic id e  th a t  p e rs is t  fo r  4 0  d a ys  fro m  p la n t in g  is  d e s ire d . H e rb ic id e s  

w h ic h  p e rs is t  m u c h  lo n g e r th a n  d e s ire d , pose  se ve ra l p o te n t ia l e n v iro n m e n ta l 

p ro b le m s . F u r th e r  m o re , th e y  m a y  c a u se  in ju r y  to  s u c c e e d in g  c ro p  p a r t ic u la r ly  

in  m u lt ip le  c ro p p in g  s y s te m . H ence , th e  re s id u e  p ro b le m s  a re  a ls o  to  be ta c k le d  

fro m  b o th  e n v iro n m e n ta l a n d  a g r ic u l tu ra l  p o in t  o f  v ie w . In  th e  la s t  decade, 

p u b lic  h a s  b e co m e  in c re a s in g ly  a w a re  o f  th e  p o te n t ia l d a n g e r fro m  p e s tic id e  

re s id u e s  in  th e  e n v iro n m e n t.  T h e  a c c u m u la t io n  o f  re s id u e s  in  w a te r  so u rc e s  

a n d  i t s  e n t r y  in  to  th e  fo o d  c h a in  ca u se  h e a lth  p ro b le m . T h e se  d e m a n d  a c c u ra te  

m e th o d s  o f  p re d ic t in g  th e  p e rs is te n c e  o f  a  h e rb ic id e  in  th e  s o il s y s te m .

H o w e ve r, th e  p ro b le m  o f  h e rb ic id e  re s id u e s  in  s o ils , p la n ts  a n d  h a rv e s te d  

p ro d u c ts  is  n o t  as s e r io u s  as t h a t  o f  re s id u e s  o f  o th e r  p e s tic id e s . R e se a rch  done  

u n d e r  In d ia n  c o n d it io n s  in d ic a te d  le ve ls  o f  re s id u e s  b e lo w  to le ra n c e  l im i t  se t



b y  W H O /F A O  fo r  m a n y  h e rb ic id e s  (b u ta c h lo r ,  f lu c h lo ra l in ,  a la c h lo r ,  M B T  a n d  

is o p ro tu ro n ) .

T h e  k n o w le d g e  re g a rd in g  th e  in te ra c t io n s  o f  b u ta c h lo r  a n d  p e n d im e th a lin  

in  s o ils  o f  K a rn a ta k a  a re  sca rce . T h e re fo re , a n  in v e s t ig a t io n  w a s  u n d e r  ta k e n  

to  s tu d y  th e  b e h a v io u r  o f  th e s e  tw o  h e rb ic id e s  in  th re e  b e n c h  m a r k  s o ils  o f  

K a rn a ta k a  w i th  th e  fo llo w in g  o b je c tiv e s .

1. T h e  a d s o rp t io n -d e s o rp t io n  p a t te rn  o f  b u ta c h lo r  a n d  p e n d im e th a lin  

in  th re e  d if fe re n t  so ils .

2. T h e  p e rs is te n c e  o f  b u ta c h lo r  a n d  p e n d im e th a lin  in  s o il u n d e r  

th re e  m o is tu re  re g im e s .

3. T h e  p e rs is te n c e  o f  b u ta c h lo r  a n d  p e n d im e th a lin  in  s te r i le  a n d  

n o n s te r i le  s o ils .

4. T h e  le a c h in g /m o b i l i t y  o f  b u ta c h lo r  a n d  p e n d im e th a lin  in  s o il 

c o lu m n s .
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n .  R E V IE W  O F  L IT E R A T U R E

T h e  s o il c a n  be  th o u g h t  o f  as b o th  a n  e n v iro n m e n ta l c o m p a r tm e n t a n d  

e co sys te m . A s a n  e n v iro n m e n ta l c o m p a r tm e n t, i t s  im p o r ta n c e  lie s  in  th e  

u p ta k e  o f  p e s t ic id e s  f ro m  s o il b y  c ro p  p la n ts  a n d  in  th e  t r a n s fe r  o f  p e s tic id e s  

to  o th e r  c o m p a r tm e n ts  th ro u g h  p ro ce sse s  s u c h  as le a c h in g  (g ro u n d  w a te r)  a n d  

r u n o f f  (s u rfa c e  w a te r ) . S o il c a n  a ls o  be  th o u g h t  o f  as  a n  e c o s y s te m  w i th  m u lt ip le  

t r a n s fo rm a t io n  (i.e . d e g ra d a tio n )  p ro ce sse s , n u t r ie n t  c y c le s  a n d  m e ta b o lic  

p a th w a y s  o p e ra t in g  in  a  c o m p le x  b io lo g ic a l c o m m u n ity  o f  b a c te r ia ,  fu n g i,  a lgae  

a n d  m ic ro in v e r te b ra te s .  T h e  l i te r a tu r e  o n  a d s o rp t io n , p e rs is te n c e  a n d  le a c h in g  

o f  b u ta c h lo r  a n d  p e n d im e th a lin  in  s o ils  a re  re v ie w e d  in  th is  c h a p te r .

2 .1  ADSORPTION - DESORPTION IN SOILS

P e s tic id e  a d s o rp t io n  re fe rs  to  th e  b o n d in g  o f  th e  c h e m ic a l to  s ite s  o n  s o il 

m in e ra l o r  o rg a n ic  s u r fa c e s  a n d  m u s t  be  c o n s id e re d  w h e n  c a lc u la t in g  h e rb ic id e  

a p p lic a t io n  ra te s . In te rm o le c u la r  fo rce s  o f  a d s o rp t io n  in v o lv e s  h ig h  a n d  lo w  

e n e rg y  b o n d s . Io n ic  a n d  l ig a n d  b o n d s  a re  h ig h  e n e rg y  w h e re a s  c h a rg e -d ip o le , 

d ip o le -d ip o le , h y d ro g e n  b o n d in g , c h a rg e  tra n s fe r .  V a n  d e r  W a a l’s, e n tro p y  

g e n e ra t io n  a n d  m a g n e tic  b o n d s  a re  lo w  e n e rg y  b o n d s  (C a lve t, 1980 ; J u r y ,  

1987). A d s o rp t io n  is  in f lu e n c e d  b y  s o il o rg a n ic  m a tte r ,  c la y  a n d  w a te r  c o n te n ts , 

io n  e xch a n g e  c a p a c ity ,  b u lk  d e n s ity , s o lu t io n  c o m p o s it io n , p H , te m p e ra tu re , 

t i l la g e  p ra c t ic e s  a n d  s t r u c tu r a l  p ro p e r t ie s  o f  th e  h e rb ic id e .

2 .1 .1  ADSORPTION - DESORPTION OF BUTACHLOR AND OTHER RELATED 
CHLOROACETANILIDES

B r ig h tw e ll  a n d  R u e p p e l (1978) fo u n d  th a t  a d s o rp t io n  o f  b u ta c h lo r  to  s o il 

p a r t ic le s  fo llo w e d  F re u n d lic h  is o th e rm  a n d  th e  F re u n d lic h  c o e ff ic ie n t  K  v a lu e s  

ra n g e d  fro m  3 .5  to  2 0 .0 . T h e y  c o n c lu d e d  t h a t  th o u g h  b u ta c h lo r  a d s o rp t io n  w a s  

re v e rs ib le , i t  w o u ld  n o t  be  re a d ily  d e so rb e d  in to  w a te r .

S o il a d s o rp t io n  o f  a la c h lo r  a n d  m e to la c h lo r  (c h lo ro -a c e ta n ilid e  h e rb ic id e s )



is  b e t te r  d e s c r ib e d  b y  F re u n d lic h  th a n  b y  L a n g m u ir  is o th e rm s  (O b r ig a w itc h  e t  

a t ,  1981 ; S a to  e t  a L ,  1987 ; S e th i a n d  C h o p ra , 1975 ; W ood  e t  a h ,  1987). T h e  

F re u n d lic h  e q u a t io n  is  e m p ir ic a l a n d  im p o se s  no  l im i t s  o n  a d s o rp t io n ,  w h ile  th e  

L a n g m u ir  e q u a t io n  is  b a se d  on  th e o re t ic a l c o n s id e ra t io n s  a n d  s h o w s  m a x im u m  

a d s o rp t io n  w h e n  a  m o n o la y e r  cove rs  a ll s u rfa c e s . T h e  F re u n d lic h  e q u a tio n  

re la te s  a d s o rb e d  a n d  s o lu t io n  p h a s e  c o n c e n tra t io n  a t  e q u il ib r iu m .

W ebe r a n d  P e te r (1982) c h a ra c te r iz e d  a la c h lo r  a n d  m e to la c h lo r  a d so rj^ tio n  

is o th e rm s  as  L -s h a p e d  o n  o rg a n ic  m a t te r  a n d  S -sh a p e d  o n  m o n tm o r i l lo n ite .  

L -sh a p e d  is o th e rm s  s ig n ify  th a t  th e  s o il h a s  a h ig h  a f f in i t y  fo r  th e  h e rb ic id e s , 

a d s o rp t io n  o c c u rs  in  a p la n a r  c o n f ig u ra t io n  a n d  b o n d in g  is  m u lt i fu n c t io n a l.  

S -sh a p e d  is o th e rm s  s ig n ify  th a t  th e  s o il h a s  h ig h e r  a f f in i t y  fo r  w a te r  th a n  th e  

h e rb ic id e s  a n d  a d s o rp t io n  is  in  v e r t ic a l c o n f ig u ra t io n  a n d  b o n d in g  is  

m o n o fu n c t io n a l.

O b r ig a w itc h  e ta f(1 9 8 1 )  c o n f irm e d  th e  m o n o  a n d  m u l t i  la y e r  a d s o rp t io n  

o f m e to la c h lo r  o n  th re e  T e xa s  s o ils  o f  lo w  o rg a n ic  m a tte r .  M o n o la y e r  a d s o rp t io n  

o c c u rre d  a t  lo w  c o n c e n tra t io n s  in  th e  s o il s o lu t io n  a n d  th e  m u lt i la y e r  a d s o rp t io n  

a t h ig h  c o n c e n tra t io n s .  T h e  in f le c t io n  p o in t  b e tw e e n  th e  tw o  re g io n s  w a s  a t 

e q u i l ib r iu m  c o n c e n tra t io n s  o f  9 -1 2  u g  m L  '.  M u lt i la y e r  b o n d in g  e n e rg ie s  a re  

lo w e r th a n  m o n o la y e r  b o n d in g  e n e rg ie s  a n d  d e s o rp t io n  o c c u rs  m o s t re a d ily  

fro m  m u lt i la y e r  s ite s  a n d  is  e n h a n ce d  b y  in c re a s in g  a p p lic a t io n  ra te s . M e to la c h lo r 

is  d e so rb e d  m o re  re a d ily  fro m  s o ils  o f  lo w  o rg a n ic  m a t te r  a n d  c la y  c o n te n ts . 

J o rd a n  (1978) fo u n d  th a t  a la c h lo r  a n d  m e to la c h lo r  a d so rb e d  b y  th re e  W is c o n s in  

s o ils  w e re  d e s o rb e d  re a d ily  b y  w a te r . D e s o rp t io n  o f  a la c h lo r  a n d  m e to la c h lo r  

b y  fo u r  w a s h in g s  w i th  w a te r  fro m  a s a n d y  lo a m  (11 %  c la y  a n d  12  %  o rg a n ic  

m a tte r)  w a s  9  a n d  17 % , fro m  a s i l t  lo a m  (17  %  c la y  a n d  4 .8  %  o rg a n ic  m a tte r)  

37  a n d  43  %  a n d  fro m  a s a n d  (5 %  c la y  a n d  0 .8  %  o rg a n ic  m a tte r )  52  a n d  5 7  

%  re s p e c tiv e ly . S tre k  a n d  W e b e r (1982) sh o w e d  th a t  th e re  w a s  g re a te r  

a d s o rp t io n  o f  a la c h lo r  th a n  m e to la c h lo r  a n d  d e s o rp t io n  o f  a la c h lo r  b y  w a te r  

w a s  le ss  fo r  som e  s o ils . T h e  v a lu e s  o f  s o ils  fro m  d if fe re n t  s tu d ie s  d id  n o t s h o w

p a ra lle l in c re a s e  w ith  o rg a n ic  m a t te r  a n d  c la y  c o n te n ts , s u g g e s tin g  th a t  th e  

typ e  o f  o rg a n ic  m a t te r  m a y  a ffe c t th e  m a g n itu d e  a n d  m e c h a n is m  o f  a d s o rp t io n  

a n d  d e s o rp tio n . A t te n t io n  s h o u ld  be  fo cu sse d  o n  o rg a n ic  m a t te r  a n d  c la y



m in e ra ls  w h e n  a d d re s s in g  a d s o rp t io n  e ffe c t o n  h e rb ic id e  t r a n s p o r t  m o d e ls . 

O th e r  c o n s id e ra t io n s  a re  c o n c e n tra t io n  ra n g e  o f  h e rb ic id e , s o il : w a te r  ra t io ,  

te m p e ra tu re  a n d  p H .

T h e re  a re  o n ly  a  v e ry  fe w  s tu d ie s  o n  a d s o rp t io n  o f  c h lo ro a c e ta n il id e  

h e rb ic id e s  o n  d if fe re n t  s o il o rg a n ie m a t te r  f ra c t io n s .  O ne  s u c h  s tu d y  b y  K o za k  

e t  a l  (1983 ) is  o n  a d s o rp t io n  o f  m e to la c h lo r  b y  h u m ic ,  fu lv ic ,  h u m in  a n d  n o n  

o x id iz a b le  o rg a n ic  m a t te r  fro m  th re e  s o ils . H u m ic  a c id s  w e re  m o s t im p o r ta n t  

a n d  h u m in s  h a d  n o  s ig n if ic a n t  a d s o rp t io n  even th o u g h  h y d ro p h o b ic  b o n d s  

w e re  e xp e c te d  to  fo rm  b e tw e e n  h u m in  a n d  m e to la c h lo r .  O x id a t io n  o f  o rg a n ic  

m a tte r  fre e d  som e  m in e ra l a d s o rp t io n  s ite s  a n d  w a s  re s p o n s ib le  fo r  in c re a s in g  

a d s o rp t io n  o f  a la c h lo r  b y  s o ils  (S e th i a n d  C h o p ra , 1975).

S a to  e t a l  (1987) s tu d ie d  a d s o rp t io n  o f  b u ta c h lo r  in  p a d d y  s o ils  o f  J a p a n . 

T h e y  o b se rve d  th a t  ra te  o f  a d s o rp t io n  o f  b u ta c h lo r  w a s  v e ry  ra p id  in i t ia l ly  a n d  

th e n  d e c re a se d  w i th  t im e . T h e  t im e  needed  fo r  a c h ie v in g  e q u i l ib r iu m  m a in ly  

de p e n d e d  o n  s o il te x tu re .  A d s o rp t io n  o f  b u ta c h lo r  to  m o s t o f  th e  s o ils  w a s  b e tte r  

d e s c r ib e d  b y  F re u n d lic h  is o th e rm  th a n  L a n g m u ir  is o th e rm  w a s  fo u n d  to  

in c re a s e  w ith  b u ta c h lo r ,  s o il o rg a n ic  m a t te r  a n d  te m p e ra tu re . T h e  h e a t o f  

a d s o rp t io n  o f  b u ta c h lo r  to  s o ils  c a lc u la te d  fro m  th e  C la u s iu s  - C la p e y r  e q u a tio n  

w a s  5 -7  K  C a l m o l ’ in d ic a t in g  th a t  a d s o rp t io n  is  p h y s ic a l a n d  re v e rs ib le  a n d  

h e rb ic id e  c o n c e n tra t io n  in  r ic e  p a d d y  w a te r  c a n  be  m a in ta in e d  in  n a r ro w  

d e s ire d  ra n g e  b y  th e  re v e rs ib i l i ty  b e tw e e n  a d s o rp t io n  a n d  d e s o rp t io n .

2 .1 .2  A D S O R P T IO N  - D E S O R P T IO N  O F  P E N D IM E T H A L IN  A N D  O T H E R

R E L A T E D  D IN IT R O A N IL IN E S

T h e  d in i t r o a n i l in e s  h a ve  lo w  w a te r  s o lu b i l i t y  a n d  a re  re la t iv e ly  n o n -p o la r  

a n d  e s s e n t ia lly  n o n io n ic .  T h e ir  p ro p e r t ie s  su g g e s t t h a t  a d s o rp t io n  w o u ld  be 

a s s o c ia te d  w i th  h y d ro p h o b ic  a n d  l ip o p h i l ic  o rg a n ic  s u rfa c e s  in  s o ils .

L a m b e r t  (1967) in d ic a te d  th a t  a d s o rp t io n  is o th e rm  fo r  d in i t r o a n i l in e  

h e rb ic id e s  w e re  l in e a r ,  th o u g h  th e  c o n c e n tra t io n  ra n g e  w a s  n a r ro w . L a m b e r t 

(1968) o b ta in e d  a h ig h  c o r re la t io n  b e tw e e n  s o rp t io n  o f  tw o  d in i t r o a n i l in e s  a n d



th e  o rg a n ic  m a t te r  c o n te n t  o f  th e  s o ils . T h e  d is t r ib u t io n  c o e ff ic ie n ts  w e re  

c a lc u la te d  fo r  e a ch  c o m p o u n d  in  ea ch  s o il, c o n s id e r in g  o rg a n ic  m a t te r  in  th e  

s o il as  p r im a ry  s o rb in g  s u rfa c e .

M e C a ll e t  a t  (1972 ) fo u n d  th a t  th e  e x te n t o f  t r i f lu r a l in  a d s o rp t io n  w a s  

o f  th e  o rd e r  o f  n o n io n ic  = a n io n ic  (h y d ro x y l)  > a n io n ic  (c h lo r id e ) > c a t io n ic  

re s in s . F u r th e rm o re , th e  h e rb ic id e  w a s  n o t  d e s o rb a b le  f ro m  th e  h y d ro x y l 

s a tu ra te d  re s in , b u t  a n  u n k n o w n  y e llo w  p ro d u c t  w a s  re m o ve d  w ith  1 M  N aC l 

in  6 0  p e r  c e n t a q u e o u s  e th a n o l.  W e b e r (1972 ) re p o r te d  h ig h  s o rp t io n  o f  

t r i f lu r a l in ,  b u t r a l in  a n d  p r o f lu r a l in  on  s o il o rg a n ic  m a t te r  a n d  c o n c lu d e d  th a t  

th e  h y d ro p h o b ic  b o n d in g  c o u ld  be  th e  n a tu re  o f  re te n t io n  o n  th e  s u rfa c e , 

b e ca u se  o f  th e  l ip o p h i l ic  c h a ra c te r  o f  th e  c o m p o u n d s . G ro v e r (1974 ) n o tic e d  

h ig h  s o rp t io n  o f  t r i f lu r a l in ,  t r ia l la te  a n d  d ia l la te  b y  a c t iv a te d  c h a rc o a l a n d  p e a t 

m oss , m o d e ra te  s o rp t io n  b y  w h e a t s t ra w  a n d  lo w  s o rp t io n  b y  a n io n  a n d  c a t io n  

e xch a n g e  re s in s , k a o lin ite ,  m o n tm o r i l lo n ite  a n d  s i l ic a  ge l. H ig h  a n d  m o d e ra te  

s o rp t io n  s h o w e d  L - ty p e  ( l / n < 1 .0 )  o f  s o rp t io n  is o th e rm s  w h e re a s , lo w  s o rp t io n  

sh o w e d  S -ty p e  ( l / n > 1 .0 )  o f  s o rp t io n  is o th e rm s .

V a n  B la d e l a n d  M o re a le  (1977 ) re p o r te d  th a t  F re u n d lic h  is o th e rm s  w e re  

L - ty p e  fo r  p -c h lo ro a n ilin e s  o n  s o ils  a n d  i t  w a s  fo u n d  th a t  s o rp t io n  in c re a s e d  

w ith  in c re a s in g  o rg a n ic  m a t te r  c o n te n t.  J a c q u e s  a n d  H a rv e y  (1979) a lso  

d e s c rib e d  th e  s o rp t io n  o f  s ix  d in i t r o a n i l in e s  o n  s o ils  b y  F re u n d lic h  e q u a tio n . 

Is o th e rm s  w e re  L - ty p e  a n d  s o rp t io n  in c re a s e d  w ith  in c re a s in g  o rg a n ic  m a tte r .  

H e rb ic id e  a d s o rp t io n  b y  th e  s o ils  w a s  re la te d  m o re  c lo s e ly  to  s o il o rg a n ic  m a tte r  

th a n  to  th e  o th e r  s o il c h e m ic a l a n d  p h y s ic a l p ro p e r t ie s .

W h e e le r e t  a l .  (1979 ) re p o r te d  th a t  t r i f lu r a l in  p a r t i t io n e d  in to  th e  o rg a n ic  

m a tte r  f r a c t io n  o f  s o ils  a n d  th e  a m o u n t p a r t i t io n e d  w a s  h ig h  in  s o ils  w i t h  h ig h  

o rg a n ic  m a t te r  c o n te n t  (3 .9  %) a n d  lo w  in  s o ils  w i th  lo w  o rg a n ic  m a t te r  c o n te n t 

(0 .9% ). P e te r a n d  W e b e r (1985 ) d e te rm in e d  th e  F re u n d lic h  K  v a lu e s  fo r  b u t r a l in  

a n d  t r i f lu r a l in  s o rp t io n  o n  n in e  s o ils  a n d  fo u n d  h ig h  c o r re la t io n s  b e tw e e n  

h e rb ic id e  s o rp t io n  a n d  o rg a n ic  m a tte r  c o n te n t o f  s o ils .



p .

W e b e r (1987 ) re p o rte d  th a t  th e  d in i t r o  g ro u p s  d e c re a se d  th e  w a te r  

s o lu b i l i t y  o f  d in i t r o a n i l in e  h e rb ic id e s  b y  fo rm a t io n  o f  h y d ro g e n  b o n d s  w ith  a lk y l 

g ro u p s  o f  n e ig h b o u r in g  m o le c u le s , c re a t in g  l ip o p h i l ic  m ic e lle s , w h ic h  re s is t 

s o lv a t io n  in to  w a te r  m o le c u le . I t  w a s  fu r th e r  s ta te d  th a t  th e  d in i t r o a n i l in e s  

w ere  b o u n d  to  s o il p a r t ic le s  b y  h y d ro g e n  b o n d s  b e tw e e n  n it ro g ro u p s  o f  th e  

c h e m ic a ls  a n d  p ro te in a c e o u s  s ite s  in  s o il o rg a n ic  m a t te r  a n d /o r  b y  c h a rg e  

tra n s fe r  b o n d s  b e tw e e n  h ig h  c h a rg e  d e n s ity  a ro m a t ic  r in g s  in  s o il h u m ic  

s u b s ta n c e s  a n d  lo w  c h a rg e  d e n s ity  a ro m a t ic  r in g s  o f  th e  d in it r o a n il in e s .  

A c c o rd in g  to  h im , th e se  a re  som e  o f  th e  m e c h a n is m s  b y  w h ic h  d in it r o a n il in e s  

a re  re ta in e d  b y  s o il o rg a n ic  m a tte r .

2 .2  P E R S IS T E N C E  O F  B U T A C H L O R  IN  S O IL

B u ta c h lo r  is  u s e d  e x te n s iv e ly  as a p re  em ergence  h e rb ic id e  to  c o n tro l 

w eeds in  b o th  t ra n s p la n te d  r ic e  g ro w n  u n d e r  flo o d e d  c o n d it io n s  a n d  in  d ire c t  

d r i l l  seeded r ic e  (K o lh e  &  M it ra ,  1981 ; a n d  M o o r th y  a n d  M a n n a , 1984).

B e e s tm a n  a n d  D e m in g  (1974 ) fo u n d  th a t  b u ta c h lo r  h a d  s h o r t  h a l f  liv e s  

o f 9 .4  a n d  1 4 .4  d a y s  u n d e r  w a rm , m o is t  f ie ld  c o n d it io n s  in  s i l t  a n d  s i l t y  c la y  

s o ils  re s p e c tiv e ly . D e g ra d a tio n  w a s  5 0  t im e s  s lo w e r in  s te r il iz e d  s y s te m  

in d ic a t in g  th a t  m a jo r  p a th w a y s  o f  d e g ra d a tio n  in  s o ils  w e re  m e d ia te d  b y  

m ic ro o rg a n is m s . A c c o rd in g  to  th e m  c h e m ic a l d e g ra d a tio n  a c c o u n te d  fo r  less  

th a n  tw o  p e r  c e n t o f  th e  o b se rve d  f ie ld  losses.

C h e n  a n d  C h e n  (1977) re p o rte d  th a t  m a in  d e g ra d a tio n  p a th w a y s  o f 

b u ta c h lo r  w e re  d e b u to x y  m e th y la t io n  a n d  d e c h lo r in a t io n  fo llo w e d  b y  

h y d ro x y la t io n ,  o -d e a lk y la t io n  a n d  p o ly m e r is a t io n . T he  d e g ra d a tio n  o f  b u ta c h lo r  

in  s o il u n d e r  flo o d e d  c o n d it io n s  v a r ie d  w i th  in c u b a t io n  p e r io d s  a n d  ty p e  o f  so il. 

T h e y  id e n t i f ie d  2 -c h lo ro  2 ’-6 ’ d ie th y la c e ta n il id e  as  one  o f  th e  d e g ra d a tio n  

p ro d u c ts  in  s o il a n d  n o t ic e d  th a t  s o il fu n g u s  F u s a r i u m  o x y s p o n i m  s c h le u c h t 

c o u ld  e ffe c tiv e ly  d e g ra d e  b u ta c h lo r .



C h e n  a n d  C h e n  (1978 ) in d ic a te d  th a t  p h o to d e c o m p o s it io n  o f  b u ta c h lo r  

w a s  ra p id  u n d e r  U V  l ig h t  w h e n  i t  w a s  exposed  as a t h in  f i lm  o n  g la s s . H a lf  l ife  

w a s  fo u n d  to  be  a b o u t 1 .5  h r  u n d e r  th e  e x p e r im e n ta l c o n d it io n s .  T h e  

d e c o m p o s it io n  re a c t io n  fo llo w e d  f i r s t  o rd e r  k in e t ic s  a n d  th e y  o b se rve d  seven 

d e c o m p o s it io n  p ro d u c ts  b y  T L C  a n d  G LC  a n a ly s is .

C h e n  a n d  W u  (1978 ) o b se rve d  e ffe c tiv e  d e g ra d a tio n  o f  b u ta c h lo r  b y  s o il 

m ic ro b e s , v i z .  M u c o r  s u f u i  a n d  tw o  o th e r  M .s p p ., P e n i c i l l i u m  c i t r i n u m ,  

P .  g l a u c u m ,  A s p e r g i l l u s  n i g e r ,  B a c i l l u s  s u b t i l i s ,  F u s a r i u m  o x y s p o r u m  a n d  

T r i c h o d e r m a  v i r i d e  in  th e  0 .0 2  M  K H 2PO4 b u f fe r  s o lu t io n  a t  p H  5 .2  fo r  fu n g i o r  

pH  7 .0  fo r  b a c te r ia .  T h re e  o th e r  s o il m ic ro b e s , A .  o r y z a e ,  A .  u s a m i i  a n d  

B .  m e g a t h e r i u m  w e r e  fo u n d  to  be  le ss  e ffe c tiv e  a n d  S t r e p t o m y c e s  sp . N T U -0 1 4  

w a s  u n a b le  to  d e g ra d e  b u ta c h lo r .  D e g ra d a tio n  o f  b u ta c h lo r  b y  M . s u f u i ,  N T U - 

3 5 8  p ro d u c e d  a t  le a s t 8 -1 2  m e ta b o lite s . A m o n g  th e se  p ro d u c ts ,  2 -c h lo ro -2 ’ ,6 ’ - 

d ie th y l a c e ta n il id e ,  2 -h y d ro x y -2 ’ ,6 ’ -d ie th y la c e ta n i l id e ,  2 ,6 - d ie th y la n i l in e ,  

N -c h lo ro a c e ty l-7 -e th y l-2 ,3 -d ih y d ro in d o le , 2 ’,6 ’-d ie th y la c e ta n ilid e  a n d  N -m e th y l-  

2 -c h lo ro -2 ’ ,6 ’-d ie th y la c e ta n il id e  w e re  id e n t if ie d  a n d  th e  p a r t ia l  p a th w a y s  

in v o lv e d  in  th e  d e g ra d a tio n  o f  b u ta c h lo r  w e re  p ro p o se d . R ecove ry  o f  b u ta c h lo r  

in  th e  a u to c la v e d  a n d  n o n -a u to c la v e d  s o ils  w e re  fo u n d  to  be  7 4 .5  %  a n d  2 6 .3  

%  re s p e c tiv e ly  fo r  2 4  d a ys  o f  in c u b a t io n .  I t  w a s  p re s u m e d  th a t  th e  s o il m ic ro b e s  

m a y  p la y  a n  im p o r ta n t  ro le  in  th e  d e g ra d a tio n  o f  b u ta c h lo r  in  s o ils .

Lee (1978 ) s tu d ie d  th e  d e g ra d a tio n  o f  b u ta c h lo r  b y  a s o il fu n g u s  

C h a e t o m i u m  g l o b o s u m  a n d  id e n t if ie d  m o re  th a n  10 m e ta b o lite s  som e  o f  w h ic h  

w ere  c h a ra c te r iz e d .

C h e n  a n d  C h e n  (1979 ) re ve a le d  th a t  d if fe re n t ra n g e s  o f  p H  d id  n o t  a ffe c t 

th e  d e g ra d a tio n  o f  b u ta c h lo r  b u t  v o la t i l iz a t io n  o f  b u ta c h lo r  f ro m  a q u e o u s  

s o lu t io n  a n d  a d s o rp t io n  o n  s o il w e re  s ig n if ic a n t ly  in f lu e n c e d  b y  te m p e ra tu re . 

D e g ra d a tio n  o f  b u ta c h lo r  w a s  m o re  ra p id  w h e n  th e  w e a th e r  w a s  h o t  a n d  c le a r 

th a n  w h e n  i t  w a s  re la t iv e ly  c o ld  a n d  c lo u d y . P h o to d e c o m p o s it io n , v o la t i l iz a t io n  

a n d  m ic ro b ia l d e g ra d a tio n  w e re  th e  m a jo r  a ve n u e  o f  d e g ra d a tio n .



In  a  r ic e  f ie ld  e x p e r im e n t C h e n  (1981) o b se rve d  th a t  b u ta c h lo r  w a s  

r e a d i ly  d e g ra d e d  b y  p h o to d e c o m p o s it io n ,  m ic r o b ia l  d e g ra d a t io n  a n d  

v o la t i l iz a t io n ,  a n d  c o n c lu d e d  th a t  a t  th e  re c o m m e n d e d  ra te , b u ta c h lo r  d id  n o t 

a ffe c t s o il p ro p e r t ie s  o r  pose  a s e r io u s  p ro b le m  o f  e n v iro n m e n ta l p o l lu t io n .

C h e n  e t  a L  (1982 ) re ve a le d  th a t  p h o to d e c o m p o s it io n  o f  b u ta c h lo r  in  

a q u e o u s  s o lu t io n  w a s  v e ry  fa s t  a n d  m o re  c o m p lic a te d  th a n  th a t  as a  t h in  f i lm  

on  a g la s s  s u r fa c e  a n d  th e  h a l f  liv e s  w e re  d e m o n s tra te d  to  be  a b o u t  0.8 h r  u n d e r  

U V  l ig h t  a n d  5 .4  h r  u n d e r  s u n l ig h t  ir r a d ia t io n  re s p e c tiv e ly . A s  m a n y  as  24  

c o m p o u n d s  w e re  d e te c te d  a n d  p a r t ia l p a th w a y s  w e re  p ro p o se d .

A  la b o ra to ry  s tu d y  w a s  c o n d u c te d  b y  M a b b a y a d  e t oL (1984 ) to  d e te rm in e  

th e  e ffe c t o f  d if fe re n t  s o il m o is tu re  c o n d it io n s  a n d  te m p e ra tu re s  o n  d is s ip a t io n  

o f  b u ta c h lo r .  T h e y  n o t ic e d  ra p id  d is s ip a t io n  o f  b u ta c h lo r  d u r in g  th e  f i r s t  42  

days  o f  in c u b a t io n  a n d  s lo w e r  d is a p p e a ra n c e  th e re a fte r. A s  th e  te m p e ra tu re  

in c re a s e d  fro m  2 5  to  4 5  ”C, th e  d is s ip a t io n  o f  b u ta c h lo r  in  s o ils  m a in ta in e d  a t 

9 0%  o f  f ie ld  c a p a c ity  w a s  a ls o  in c re a s e d . In  th e  f ie ld  s tu d y  a t  21 d a ys  a fte r  

t r e a tm e n t o n ly  one  p p m  o f  b u ta c h lo r  w a s  d e te c te d  a n d  b y  7 0  d a y s  a fte r  

t re a tm e n t e s s e n t ia lly  n o  h e rb ic id e  w a s  p re s e n t a n d  th e y  c o n c lu d e d  th a t  

d is s ip a t io n  o f  b u ta c h lo r  w a s  fa s te r  u n d e r  f ie ld  c o n d it io n s  th a n  la b o ra to ry  

c o n d it io n s  b e ca u s e  th e  h e rb ic id e  w a s  exposed  to  f lu c tu a t in g  e n v iro n m e n ta l 

c o n d it io n s .

K u ls h re s th a  (1987) re p o r te d  th a t  th e  m o d e  o f  d is s ip a t io n  o f  d if fe re n t 

fo rm u la t io n s  o f  b u ta c h lo r  w a s  n o t  in f lu e n c e d  b y  th e  ra te  o f  a p p lic a t io n s .  H a lf  

live s  w e re  ra n g e d  f ro m  6.8 to  8 .9  d a ys  a t  3  k g  a . i h a ’ ’ in  s o ils  o f  d ire c t  seeded 

r ic e  f ie ld . T h e  d is s ip a t io n  fo r  d if fe re n t  fo rm u la t io n s  o f  b u ta c h lo r  fo llo w e d  th e  

f i r s t  o rd e r  ra te  k in e t ic s  w i th  s h o r t  h a l f  liv e s  in  b o th  p la n t  a n d  s o ils . In  a  p re v io u s  

s tu d y  K u ls h re s th a  e t a l  (1981 ) re p o rte d  th a t  b u ta c h lo r  d id  n o t  p e rs is t  fo r  m o re  

th a n  3 8  d a ys  in  s o il,  r ic e  c ro p  a n d  w a te r  u n d e r  f ie ld  c o n d it io n s .

Lee la  (1987 ) c o n d u c te d  a p o t c u l tu re  e x p e r im e n t to  s tu d y  th e  p e rs is te n c e  

o f  b u ta c h lo r  in  s o ils . P e rs is te n c e  w a s  m e a s u re d  b y  ra g i b io a s s a y . B u ta c h lo r  a t



2 Kg a . i.h a  ’ p e rs is te d  fo r  4 0  d a ys  in  s a n d y  c la y  lo a m  (0 .6 %  o rg a n ic  m a tte r )  a n d  

fo r 6 0  d a ys  in  s a n d y  (no  o rg a n ic  m a tte r )  a n d  c la y e y  (0.2 %  o rg a n ic  m a tte r )  so ils . 

In  o rg a n ic  s o ils  (3 .6  %  o rg a n ic  m a tte r )  b u ta c h lo r  lo s t  i t s  a c t iv i t y  ra p id ly  

re s u lt in g  in  c e n t p e r  c e n t g e rm in a t io n  o f  ra g i w i th in  4 -5  d a ys  o f  s o w in g . T h is  

s tu d y  in d ic a te d  th e  b e h a v io u r  o f  b u ta c h lo r  u n d e r  d if fe re n t  s o il typ e s  a n d  

m a in ly  th e  in a c t iv a t io n  o f  b u ta c h lo r  in  n a tu ra l  s o il w i th  h ig h  o rg a n ic  m a tte r  

c o n te n t.

C h a k ra b o r ty  e t a l  (1990) s tu d ie d  th e  d is s ip a t io n  o f  b u ta c h lo r  u n d e r  la b  

c o n d it io n s  o n  fo u r  d if fe re n t s o ils  o f  W e s t B e n g a l u n d e r  d if fe re n t  m o is tu re  

c o n d it io n s . T h e  o rd e r  o f d is s ip a t io n  o f  b u ta c h lo r  w a s  w a te r  logged  > m o is t  > d ry . 

T h e  o rd e r  o f  p e rs is te n c e  in  s o il w a s  B a n k u ra n  > N a d ia  > B u rd s  W a n  > 

C o o c h b e h a r, ir re s p e c t iv e  o f  s o il m o is tu re  le ve l, in i t ia l  p H  o f  s o il a n d  ra te  o f  

a p p lic a t io n  o f  h e rb ic id e  a n d  fo llo w e d  f i r s t  o rd e r  k in e t ic s .  W h e n  th e  a p p lic a t io n  

ra te  w a s  2 K g  a i h a ’ , th e  h a l f  liv e s  o f  b u ta c h lo r  fo r  d ry , m o is t  a n d  w a te r  logged  

c o n d it io n s  w e re  8 .2 9 , 7 .9 3  a n d  7 .6 6  d a ys  in  C o o c h b e h a r s o il, 9 .9 3 , 9 .2 3  a n d  

8 .7 5  d a ys  in  B u rd  W a n  s o il, 12 .1 9 , 11 .7 4  a n d  11.31 d a ys  in  B a n k u ra  s o il a n d  

9 .2 2 , 8 .8 7  a n d  8 .31  d a ys  in  N a d ia  s o il re s p e c tiv e ly  a n d  th e  v a lu e s  in d ic a te d  a 

n e g lig ib le  d iffe re n c e s  b e tw e e n  th e  m o is tu re  c o n d it io n s .

In  a f ie ld  s tu d y  o n  p e rs is te n c e  a n d  d e g ra d a tio n  o f  h e rb ic id e s  in  

t ra n s p la n te d  r ice . J a y a k u m a r  a n d  Sree R a m u lu  (1993) revea led  th a t  b u ta c h lo r  

a t th e  ra te  o f  1 .25  K g a . i h a  ’ d e g rade d  c o m p le te ly  b e fo re  h a rv e s t w i th  a  h a l f  

life  o f  19 d a ys .

J ite n d e r  K u m a r  a n d  J a i P ra k a s h  (1 9 9 3 a ; 1993b) s tu d ie d  th e  p e rs is te n c e  

o f  th io b e n c a rb  a n d b u ta c h lo r b y  b io a s s a y  te c h n iq u e  u s in g  E k : h i n o c h l o a c n L s g a l l i  

seeds as te s t  m a te r ia l.  T h e  degree o f  in h ib i t io n  o f  g e rm in a t io n  w a s  c o n s id e re d  

as in d ic a to r  o f  p e rs is te n c e . T h e y  re p o rte d  th a t  b o th  th e  h e rb ic id e s  d e g rade d  

w ith  tim e  ir re s p e c tiv e  o f  th e ir  c o n c e n tra t io n  a n d  in c u b a tio n  a t h ig h e r  te m p e ra tu re  

h e lp e d  in  fa s te r  d e g ra d a tio n . A m o n g  th e  tw o  h e rb ic id e s , b u ta c h lo r  h a d  g re a te r  

e ffe c t o n  g e rm in a t io n  th a n  th io b e n c a rb .



2 .3  PERSISTENCE OF PENDIMETHALIN IN SOIL

P e n d im e th a lin  ca n  be  a p p lie d  as  p re  p la n t  in c o rp o ra t io n ,  p re  e m ergence  

o r  p o s t e m e rg e n ce  w i th  o r  w i th o u t  in c o rp o ra t io n .  P e rs is te n ce  o f  p e n d im e th a lin  

is  in f lu e n c e d  b y  c u lt iv a t io n  p ra c tic e s , s o il te m p e ra tu re  a n d  m o is tu re  c o n d it io n s  

a n d  s o il ty p e .

2 .3 .1  SOIL TEXTURE

F lo m  a n d  M il le r  (1978 ) re p o r te d  th a t  p e n d im e th a lin  a p p lie d  u n d e r  n o  

t i l la g e  c o n d it io n s  in  N o r th  D a k o ta  w a s  fo u n d  to  be  m o re  p e rs is te n t  in  a s i l ty  c la y  

s o il a n d  le a s t  p e rs is te n t  in  a  s a n d y  s o il.  T h e  p e rs is te n c e  o f  p e n d im e th a lin  w a s  

c o m p a ra b le  to  th e  p e rs is te n c e  o f  p r o f lu ra l in ,  t r i f lu r a l in ,  f lu c h lo r a l in  a n d  

d in it r a m in e .

B e ra y a n  a n d  M e rca d o  (1983 ) u s e d  s o rg h u m  as a te s t  c ro p  fo r  b io a s s a y  

o f  p e rs is te n c e  o f  p e n d im e th a lin  in  c la y , c la y  lo a m  a n d  f in e  s a n d y  lo a m  so ils . 

H e rb ic id a l a c t iv i t y  w a s  lo s t  m o re  r a p id ly  fro m  th e  s o il 2 0 -2 5  d a y s  a f te r  

a p p lic a t io n  a n d  s lo w ly  th e re  a fte r . H ig h e s t p h y to to x ic ity  w a s  n o t ic e d  in  c la y  

lo a m  s o il th a n  in  c la y  o r  f in e  s a n d y  lo a m  a t  5 0 -1 1 0  d a ys  in d ic a te d  m o re  

p e rs is te n c e  in  c la y  lo a m  s o il.

2 .3 .2  SOIL MOISTURE

W a lk e r  a n d  B o n d  (1977) sh o w e d  th a t  th e  ra te  lo ss  o f  p e n d im e th a lin  

u n d e r  c o n tro lle d  c o n d it io n s  obeyed  th e  f i r s t  o rd e r  e q u a tio n . T h e y  n o t ic e d  th a t  

th e  h a l f  l i fe  o f  p e n d im e th a lin  in  a  s a n d y  lo a m  s o il a t  75  p e r  c e n t f ie ld  c a p a c ity  

w a s  in v e rs e ly  re la te d  to  te m p e ra tu re  a n d  in c re a s e d  w i th  d e c re a s in g  s o il 

m o is tu re .

S avage (1978 ) d e s c r ib e d  th e  d is s ip a t io n  o f  p e n d im e th a lin  in  s o il b y  th e  

f i r s t  o rd e r  k in e t ic s .  H a lf - l i fe  in  f lo o d e d  a n d  f ie ld  c a p a c ity  c o n d it io n s  w e re  3 7  a n d  

99 d a ys  re s p e c tiv e ly  in  c la y  s o il. I t  w a s  fo u n d  th a t  f lo o d in g  th e  s o il s ig n if ic a n t ly



in c re a s e d  th e  d is s ip a t io n  ra te  o f  p e n d im e th a lin .  F lo o d in g  th e  s o il fo r  re la t iv e ly  

s h o r t  p e r io d s  o f  t im e  re s u lte d  in  a  s ig n if ic a n t  in c re a s e  in  d is s ip a t io n  ra te  o f  

p e n d im e th a lin  as  c o m p a re d  to  c o n s ta n t f ie ld  c a p a c ity . I t  w a s  a ls o  n o t ic e d  th a t  

w h e n  f lo o d e d  a n d  f ie ld  c a p a c ity  s o il w a te r  t re a tm e n ts  w e re  d r ie d  fo r  20 d a y  

p e r io d , th e  p e n d im e th a lin  d is s ip a t io n  ra te  w a s  g re a te r  w i th  f lo o d e d  t re a tm e n t.

S m ith  e t a l  (1979 ) s tu d ie d  th e  d e g ra d a tio n  o f  *‘*C - p e n d im e th a lin  a n d  i ts  

d e r iv a tiv e s  in  a e ro b ic  a n d  a n a e ro b ic  s o ils . P e n d im e th a lin  a p p e a re d  to  be  m o re  

s ta b le  th a n  i ts  d e r iv a tiv e s . T h e  d e g ra d a tio n  o f  d e r iv a tiv e s  w a s  fo u n d  to  be m o re  

ra p id  in  a n a e ro b ic  th a n  in  a e ro b ic  c o n d it io n s .

B a r re t t  a n d  L a vy  (1983 ) c o n d u c te d  a la b o ra to ry  e x p e r im e n t to  e v a lu a te  

th e  d is s ip a t io n  o f  p e n d im e th a lin  in  s i l t  lo a m  s o il. I t  w a s  fo u n d  th a t  d is s ip a t io n  

ra te s  o f  p e n d im e th a lin  fo llo w e d  p s e u d o  f i r s t  o rd e r  k in e t ic s ,  e x c e p t in  a ir  d r ie d  

s o il th a t  h a d  n o  s ig n if ic a n t  lo s s  o f  p e n d im e th a lin .  H a lf  liv e s  fo r  a i r  d r ie d , 

c o n t in u o u s ly  flo o d e d  a n d  a lte rn a te ly  flo o d e d  t re a tm e n ts  w e re  5 9 , 6 3  a n d  3 0  

d a ys  re s p e c tiv e ly . A p p lic a t io n  ra te s  o f  0 .5 , 1 .0  a n d  2 .0  u g  g"' o f  s o il h a d  no  

s ig n if ic a n t  in f lu e n c e  o n  th e  ra te  o f  d is s ip a t io n  o f  p e n d im e th a lin .

Z im d a h l e t  a l  (1984 ) fo u n d  th a t  th e  p e n d im e th a lin  d e g ra d a tio n  d id  n o t 

fo llo w  f i r s t  o rd e r  k in e t ic s  b u t  c o u ld  be  d e s c r ib e d  b y  a q u a d ra t ic  m o d e l. T he  

d e g ra d a tio n  ra te  w a s  sa m e  a t  7 5  a n d  100 p e r  c e n t f ie ld  c a p a c ity ,  b u t  w a s  s lo w e r 

a t  5 0  p e r  c e n t f ie ld  c a p a c ity . B ased  o n  c h e m ic a l a n a ly s is  o f  s o il f ro m  f ie ld  a n d  

la b o ra to ry  s tu d ie s  th e  h a lf - l i fe  w a s  a p p ro x im a te ly  4 7  d a ys . B a se d  o n  b io lo g ic a l 

a n a ly s is  o f  s o il,  th e  h a l f  l i fe  o f  p e n d im e th a lin  ra n g e d  fro m  78  to  111 d a ys  a n d  

c o n c lu d e d  th a t  b io a s s a y  w a s  q u a lita t iv e ly  s a t is fa c to ry  b u t  w a s  n o t  q u a n t ita t iv e ly  

a c c u ra te .

V o u z o u n is  a n d  A m e r ic a n o s  (1994 ) re p o r te d  th a t  s o il te m p e ra tu re  a n d  

m o is tu re  w e re  th e  p re d o m in a n t  fa c to rs  in f lu e n c in g  th e  d e g ra d a t io n  o f 

pendimethalin. The results indicated that the degradation rate of pendimethalin 
in c re a s e d  as  te m p e ra tu re  in c re a s e d  fro m  10 to  30°C  in  s o ils  w i t h  15 p e r c e n t 

w a te r  c o n te n t  (c lose  to  f ie ld  c a p a c ity ) . W h e n  s o il m o is tu re  c o n te n t  w a s  re d u c e d  

to  tw o  p e r  c e n t th e  ra te  o f  d e g ra d a tio n  w a s  re ta rd e d  even  a t  3 0 '’C.



2 .3 .3  O R G A N IC  M A T T E R  A N D  M IC R O F L O R A

T h e  o rg a n ic  m a t te r  c o n te n t o f  s o il, i ts  s tage  o f  d e c o m p o s it io n  a n d  

m ic ro b ia l a c t iv it ie s  a re  in te r re la te d . O rg a n ic  m a t te r  a n d  m ic ro f lo ra  p la y  a n  

im p o r ta n t  ro le  o n  p e rs is te n c e  a n d  d e g ra d a tio n  o f  p e n d im e th a lin  in  s o il.  O rg a n ic  

m a tte r  e n h a n c e s  th e  d e g ra d a tio n  o f  th e  c h e m ic a l b y  a c t iv a t in g  m ic ro f lo ra .  I t  

a lso  a d s o rb s  m o re  h e rb ic id e s  o n  i ts  s ite s , w h ic h  m a y  n o t  be  a v a ila b le  fo r  

m ic ro b ia l d e g ra d a tio n .

L a o n io  e ta l(1 9 7 3 )  o b se rve d  th a t  m ic ro b ia l d e g ra d a tio n  o f  p e n d im e th a lin  

a n d  som e a n a lo g o u s  c o m p o n e n ts  w e re  in v o lv e d  in  th e  t r a n s fo rm a t io n  p rocesses  

l ik e  N -d e a lk y la t io n ,  n i t r o  g ro u p  re d u c t io n  a n d  c y c liz a t io n  to  b e n z im id a z o le s .

W a lk e r  a n d  B o n d  (1977) e v a lu a te d  th e  in f lu e n c e  o f  o rg a n ic  m a t te r  on  

p e n d im e th a lin  d e g ra d a tio n . As th e  s o il o rg a n ic  m a t te r  c o n te n t d e c reased , ra te  

o f lo ss  o f  p e n d im e th a lin  in  s o il a lso  re d u c e d  a n d  th e  h a lf - l i fe  v a r ie d  fro m  72  to  

172 d a ys .

B e ra y a n  (1982 ) fo u n d  h ig h e r  re s id u a l p h y to to x ic ity  o f  p e n d im e th a lin  in  

a s o il w i th  lo w e r  o rg a n ic  m a t te r  c o n te n t th a n  o th e r  s o ils . T h e  s tu d ie s  o f  N e lson  

e t  a l  (1983 ) in d ic a te d  th a t  s o il s te r i l iz a t io n  h a d  re d u c e d  p e n d im e th a lin  

d e g ra d a tio n , w h ic h  w a s  a t t r ib u te d  to  th e  lo ss  o f  m ic ro  f lo ra  in  s o il w h ic h  

in d ic a te d  th a t  th e  d e g ra d a tio n  o f  p e n d im e th a lin  w a s  m a in ly  b io lo g ic a l. 

E le f th e ro h o r in o s  (1985 ) re p o rte d  th a t  o rg a n ic  m a tte r  h a d  g re a te r  in f lu e n c e  on 

d e g ra d a tio n  o f  p e n d im e th a lin .  T h e  p e rs is te n c e  o f  p e n d im e th a lin  in c re a s e d  w ith  

decrease  in  o rg a n ic  m a t te r  c o n te n t o f  s o il.

B a ru a  e l  a l(1 9 9 0 )  e x a m in e d  th e  d e g ra d a tio n  o f  p e n d im e th a lin  b y  v a r io u s  

s o il fu n g i v iz ., A s p e r g i l l u s  J l a v u s ,  A .  t e r r e u s ,  F u s a r i u m  s o l a n i ,  F .  o x y s p o r u m .  

P e n i c i l l i u m  c i t r i n u m  a n d  P .  s i m p l i c i s s i n u r r h  T h e y  fo u n d  th a t  th e s e  fu n g i ca n  

e ffe c tiv e ly  d e g ra d e  p e n d im e th a lin  w h e n  i t  w a s  s u p p lie d  as so le  c a rb o n  s o u rc e  

in  m in e ra l s o lu t io n .  D e g ra d a tio n  o f  p e n d im e th a lin  b y  F t /s o r iu m s o io n i re s u lte d



in  th e  is o la t io n  a n d  id e n t i f ic a t io n  o f  N - p r o p y l - 3 - m e t h y l  4 - h y d r o x y .  2  6 ,  

d i n i t r o a n i l i n e ,  N (  1 e t h y l  p r o p y l )  2 - a m i n o  6 - n i t r o  3 , 4 - x y l i d i n e  a n d  2 - 6 - d i n i t r o  3  4 .  

x y l i d i n e .  T h e  m a in  m e ta b o lic  p a th w a y s  in v o lv e d  p a r t ia l N -d e a lk y la t io n  fo llo w e d  

b y  r in g  h y d ro x y la t io n ,  n i t r o  g ro u p  re d u c t io n  a n d  c o m p le te  N -d e a lk y la t io n .

S in g h  a n d  K u ls h re s th a  (1991) re p o r te d  th a t  F u s a r i u m  o x y s p o r u m  a n d  

P a e c i l o m y c e s  v a r i o t i i n  c u ltu re  m e d ia  deg raded  p e n d im e th a lin  to  tw o  m e ta b o lite s  

n a m e ly  N ( l - e t h y l  P r o p y l ) - 3 , 4 - d i m e t h y l - 2 - n i t r o b e n z e n e - l , 6 , d i a m i n e  a n d  3 . 4  

d i m e t h y l  2 , 6 - d i n i l r o a n i l i n e ,  w h e re a s  R h i z o c t o n i a . b a t a t i c o l a ^  a n o th e r  s o il fu n g u s  

d e co m p o se d  p e n d im e th a lin  y ie ld in g  o n ly  th e  la t te r  m e ta b o lite . I t  w a s  a lso  

obse rved  th a t  th e se  s o il fu n g i c o u ld  re d u c e  le ss  h in d e re d  n i t r o  g ro u p  a n d  a lso  

s p l i t  o f f  th e  a lk y l s u b s t i tu e n t  o f  th e  a m in e  m o ie ty  in  th e  p a re n t  m o le c u le .

2 .3 .4  F IE L D  C O N D IT IO N S

G ib s o n  a n d  H a m ilto n  (1977 ) fo u n d  th a t  p e n d im e th a lin  w a s  h ig h ly  

p e rs is te n t in  b o th  ir r ig a te d  a n d  fa llo w  c o n d it io n s , c o m p a re d  to  o th e r  re la te d  

h e rb ic id e s  l ik e  f lu c h lo ra l in  a n d  d in it ra m in e .

In  a  f ie ld  e x p e r im e n t, B a r re t t  a n d  L a vy  (1983) o b se rve d  a s tro n g  

in f lu e n c e  o f  s o il w a te r  c o n te n t o n  th e  d is s ip a t io n  o f  p e n d im e th a lin  in  th e  f i r s t  

tw o  w e e ks  a f te r  h e rb ic id e  a p p lic a t io n .  H a l f  live s  in  th e  f ie ld  w e re  m u c h  s h o r te r  

d u r in g  th e  in i t ia l  tw o  w e e ks  th a n  a f te r  tw o  w e e ks  w ith  m o re  th a n  5 0  p e r  c e n t 

o f th e  a p p lie d  h e rb ic id e  d is a p p e a r in g  w ith in  one  w e e k .

A  f ie ld  e x p e r im e n t w a s  c o n d u c te d  a t  lA R I, N ew  D e lh i in  w in te r  season  

to  s tu d y  th e  p e rs is te n c e  o f  p e n d im e th a lin  in  s o il fo llo w in g  p re  em ergence  

a p p lic a t io n  to  w h e a t (K u ls h re s th a  a n d  Y a d u ra ju ,  1987). P e n d im e th a lin  w a s  

a p p lie d  as p re -e m e rg e n c e  to  w h e a t one  o r  tw o  d a ys  a f te r  so w in g . T h e y  re p o rte d  

th a t  th e  h a l f  liv e s  o f  p e n d im e th a lin  ra n g e d  fro m  5 8  to  6 3  days  a n d  a p p ro x im a te ly  

35  p e r  c e n t p e n d im e th a lin  d is s ip a te d  in  3 5  d a ys  a n d  a b o u t 2 0  p e r c e n t 

re m a in e d  in  s o il a t  th e  t im e  o f  w h e a t h a rv e s t.

I  ^ i lM lW B ?  I



N a la y in i e t a l  (1991 ) c o n d u c te d  a f ie ld  e x p e r im e n t in  a  c la y  lo a m  s o il w i th  

s u n f lo w e r  to  s tu d y  th e  p e rs is te n c e  o f  p e n d im e th a lin  u n d e r  d if fe re n t  m o is tu re  

re g im e s . H a l f  l i fe  p e r io d  w a s  fo u n d  to  be  1 0 .4 5  d a ys  in  lo w  m o is tu re  re g im e  (0 .5 0  

IW /C P E  ra t io ) ,  8 .3 6  d a ys  in  m e d iu m  m o is tu re  le ve l (0 .7 5  IW /C P E  ra t io )  a n d  7 .0  

d a ys  in  h ig h  m o is tu re  re g im e  (1 .0 0  IW /C P E  ra t io )  t re a tm e n ts .

T r ip a th i  e t  a l  (1993 ) c o n d u c te d  a f ie ld  e x p e r im e n t to  s tu d y  th e  e ffe c t o f  

s o il a p p lie d  p e n d im e th a lin  a t  d if fe re n t doses in  pea  c ro p  o n  i t s  p e rs is te n c e . 

A n a ly s is  o f  s o il s a m p le s  in d ic a te d  th a t  p re se n ce  o f  p e n d im e th a lin  u p to  6 0  d a ys  

a f te r  a p p lic a t io n  o n  s a n d y  lo a m  s o il a n d  th e  h a l f  l i fe  o f  p e n d im e th a lin  w a s  

b e tw e e n  66  a n d  71 d a ys  a n d  th e  r e la t io n s h ip  b e tw e e n  t im e  a n d  p e rs is te n c e  o f  

p e n d im e th a lin  w a s  n o t  l in e a r  b u t  fo llo w e d  q u a d ra t ic  p a t te rn .

Y a d a v  e ta l (  1993) re p o r te d  th a t  ra te  o f  d e g ra d a tio n  o f  p e n d im e th a lin  w a s  

v e ry  s lo w  in  in i t ia l  s tage  (0 -5 0  days) a n d  in c re a s e d  s te a d ily  u p to  100  d a ys . A fte r  

2 0 0  d a ys ; 6 3 .5 , 7 5 .2  a n d  8 8 .0  p e r  c e n t o f  in i t ia l  doses o f  p e n d im e th a lin  a p p lie d  

in  w h e a t f ie ld s  d is a p p e a re d  a t  th e  le ve l o f  tw o , fo u r  a n d  s ix  i r r ig a t io n s  

re s p e c tiv e ly . T h e  h a l f  l i fe  o f  p e n d im e th a lin  w a s  76 , 9 2  a n d  122 d a ys  a t  th e  leve l 

o f s ix , fo u r  a n d  tw o  ir r ig a t io n s  re s p e c tiv e ly .

P a n d it  a n d  C h o u d h u ry  (1994 ) re ve a le d  th a t  a b o u t  5 0  p e r  c e n t o f  th e  

p e n d im e th a lin  re s id u e  d is a p p e a re d  w i th in  seven  d a ys  a f te r  a p p lic a t io n  a n d  on  

4 5 th  da y , 9 8  p e r  c e n t o f  th e  re s id u e  h a d  b e e n  e lim in a te d . W h e n  a p p lie d  a t  th e  

ra te  o f  1 .0  a n d  2 .0  k g  a . i.h a 'h  th e  h a l f  liv e s  w e re  5 .9 9  a n d  6 .3 3  d a ys  re s p e c tiv e ly . 

A t  th e  t im e  o f  h a rv e s t o f  g ro u n d n u t ,  re s id u e  w a s  n o t  in  d e te c ta b le  l im i t  b o th  

in  n u ts  a n d  s o il.

In  a  f ie ld  e x p e r im e n t T e w a ry  e t  a l  (1994) o b se rve d  th a t  h ig h  dose 

(2 .5  k g  h a ’ ) o f  p e n d im e th a lin  a p p lic a t io n  re s u lte d  in  h ig h e r  (40  days) p e rs is te n c e  

in  s o il. T h e  re s id u e  p e rs is te d  fo r  15 d a y s  w h e n  a p p lie d  a t  th e  ra te  o f  

0 .5  k g  h a  ’ a n d  21 d a ys  a t  1 .5  k g  h a '’ .



2 .4  LEACHING /  MOBILITY OF HERBICIDES IN SOILS

T h re e  p ro b le m s  a s s o c ia te d  w ith  le a c h in g /m o b i l i t y  o f  h e rb ic id e s  th ro u g h  

s o ils  a re  (a) le a c h in g  to  th e  ro o t  zone  o f  s e n s it iv e  n o n - ta rg e t c ro p  re s u lt in g  in  

c ro p  in ju r y :  (b) a lth o u g h  le a c h in g  to  th e  ro o ts  o f  ta rg e t w eeds  is  e s s e n tia l to  

o b ta in  w eed  c o n tro l,  le a c h in g  b e lo w  th e  ro o t  zone  re d u c e s  h e rb ic id a l e ffic a c y ; 

a n d  (c) le a c h in g  b e y o n d  th e  ro o t  zone m a y  re s u lt  in  h e rb ic id a l t r a n s p o r t  to  th e  

g ro u n d  w a te r  (J o rd a n  a n d  H a rve y , 1980 ; O b r ig a w itc h  e t  c d , 1981).

L e a c h in g  d e p e n d s  o n  th e  c h e m ic a l c h a ra c te r is t ic s  o f  th e  h e rb ic id e s , so il 

p ro f i le  c h a ra c te r is t ic s ,  e n v iro n m e n ta l c o n d it io n s  a n d  th e  m e th o d , t im e , 

fo rm u la t io n  a n d  a m o u n t  o f  h e rb ic id e  a p p lic a t io n .

2 .4 .1  LEACHING OF BUTACHLOR AND OTHER RELATED
CHLOROACETANILIDES

In  a  f ie ld  e x p e r im e n t B e e s tm a n  a n d  D e m in g  (1974) re p o r te d  th a t  

le a c h in g  a n d  c h e m ic a l d e c o m p o s it io n  d id  n o t  c o n t r ib u te  s ig n if ic a n t ly  to  th e  

lo ss  o f  b u ta c h lo r  f ro m  s o il a n d  m ic ro b ia l d e c o m p o s it io n  p la y e d  a  m a jo r  ro le  in  

h e rb ic id e  d e g ra d a tio n . T h e y  n o t ic e d  th a t  b u ta c h lo r  h a d  n o t  m o ve d  b e y o n d  4 cm  

d e p th  in  s o il.

In  som e  f ie ld  s tu d ie s  le a c h a b il it y  o f  m e to la c h lo r  a n d  a la c h lo r  w e re  

co m p a re d . S a m p le s  ta k e n  a t  0, 2 , 4, 8 a n d  12 w e e ks  a f te r  t r e a tm e n t  w ith  

3 .3 6  k g  h a  ' o f  th e  h e rb ic id e s  in c o rp o ra te d  7 -1 0  cm  in  a  s a n d y  c la y  lo a m  

in d ic a te d  th a t  n o  h e rb ic id e  w a s  le a c h e d  b e y o n d  8 cm , as ju d g e d  b y  a  b io a s s a y  

(C o rn e lliu s  e t a l ,  1976).

L e a c h in g  o f  b u ta c h lo r  in  s o il c o lu m n s  w e re  s tu d ie d  b y  C h e n  a n d  C h e n  

(1979 ). L e a c h in g  o f  b u ta c h lo r  in  s o il c o lu m n s  re s u lte d  in  m o v e m e n t o f  th e  

c o m p o u n d  to  v a r io u s  d e p th s  in  th e  s o il. T h e ir  d a ta  in d ic a te d  th a t  th e  m o v e m e n t 

w a s  c o rre la te d  w ith  le a c h in g  ra te s  a n d  a m o u n ts  o f  b u ta c h lo r  a p p lie d . In  a  s o il 

c o lu m n  th e  a p p lie d  ra te  w a s  4 .1 9  k g  h a '' a n d  w i th  a n  a m o u n t  o f  w a te r



e q u iv a le n t to  1 10 m m  ( le a c h in g  ra te  o f  2 .3 2  m m /h r )  o f  r a in fa l l ,  th e  d is t r ib u t io n  

o fb u ta c h lo r  a t  0 -2  c m  d e p th  w a s  9 .6 3  p p m  a n d  a n  in s ig n if ic a n t  a m o u n t  (< 0 .5 0  

p p m ) o f  b u ta c h lo r  w a s  le a c h e d  to  la y e rs  b e lo w  2 cm .

TW o c h a ra c te r is t ic s  o f  a  h e rb ic id e  a ffe c t in g  le a c h in g  a re  w a te r  s o lu b i l i t y  

a n d  a d s o rp t io n .  T h e  h ig h e r  th e  w a te r  s o lu b i l i t y ,  th e  m o re  w e a k ly  i t  is  a d so rb e d , 

in c re a s in g  le a c h a b il ity .  S p il ln e r  e t  a l  (1983 ) in  s o il c o lu m n  s tu d ie s  u s in g  

m e to la c h lo r ,  a la c h lo r  a n d  b u ty la te  in d ic a te d  th a t  m o b i l i t y  w a s  c o rre la te d  w ith  

w a te r  s o lu b i l i t y .  A la c h lo r  a n d  m e to la c h lo r  h a ve  w a te r  s o lu b i l i t ie s  o f  2 4 0  a n d  

5 3 0  u g  L  ' a n d  w e re  m o re  m o b ile  th a n  b u ty la te  ( s o lu b i l i ty  o f  4 6  m g  L  ')- A lth o u g h  

tw ic e  as s o lu b le  a s  a la c h lo r ,  m e to la c h lo r  w a s  o n ly  s l ig h t ly  m o re  m o b ile  in  so ils . 

In  th e  s a n d y  lo a m  th e  h e rb ic id e s  w e re  a d so rb e d  to  a  s im i la r  e x te n t b u t  

m e to la c h lo r  le a c h e d  5 -1 0  c m  fa r th e r  th a n  a la c h lo r .  G e rb e r e t  a l  (1974 ) fo u n d  

e q u a l le a c h a b il i t y  o f  a la c h lo r  a n d  m e to la c h lo r  a n d  su g g e s te d  t h a t  a d s o rp t io n  

w a s  m o re  im p o r ta n t  th a n  s o lu b i l i t y  in  c o n t ro l l in g  le a c h in g . P e te r a n d  W e b e r 

(1985) a ls o  e m p h a s iz e d  a d s o rp t io n . In  a  N o r fo lk  s a n d , a la c h lo r  a n d  m e to la c h lo r  

h a d  s im i la r  a d s o rp t io n  c o e ff ic ie n ts  b u t  m e to la c h lo r  w a s  o n ly  s l ig h t ly  m o re  

m o b ile . L e a c h a te  fro m  3 0  cm  s o il c o lu m n s  c o lle c te d  o ve r 2 4  d a y s  in  3 .5  L o f  

w a te r  (51 c m  ra in fa l l)  c o n ta in e d  11%  a n d  10%  o f  a p p lie d  m e to la c h lo r  a n d  

a la c h lo r .

L a b o ra to ry , g re e n h o u s e  a n d  f ie ld  s tu d ie s  h a ve  s h o w n  a  re la t io n s h ip  

b e tw e e n  s o il te x tu re  a n d  h e rb ic id e  le a c h in g . G e n e ra lly , th e  c o a rs e r  th e  te x tu re , 

th e  m o re  h e rb ic id e  is  le a ch e d . C o a rs e r s o ils  h a ve  less  c la y , le ss  s u r fa c e  a rea , 

la rg e r  p o re s  a n d  h ig h e r  h y d ra u l ic  c o n d u c t iv it ie s  u n d e r  w e t c o n d it io n s .  T hese  

re la t io n s h ip s  a re  o v e rr id d e n  i f  th e re  a re  la rg e  d iffe re n c e s  in  o rg a n ic  m a tte r  

a m o n g  s o ils . O b r ig a w itc h  e t a l  (1981) fo u n d  m e to la c h lo r  le a ch e d  > 3 0  cm  in  a 

f in e  s a n d y  lo a m  b u t  o n ly  15 c m  in  a  c la y  lo a m .

In  a f ie ld  s tu d y  K u ls h re s th a  (1987 ) re ve a le d  th a t  lo w  w a te r  s o lu b i l i t y  

(23  p p m  a t  2 4  °C) re s tr ic te d  m o b i l i t y  o f  b u ta c h lo r  in  s o il e s p e c ia lly  b e y o n d  

10 cm  d e p th .



C ontam ination  of ground  w ater by chloroacetanilides h a s  no t been the 

focus of m ost field s tud ies. D ata  are  inconclusive w ith  regard  to concen tra tions 

reaching  the  sa tu ra te d  zone u n d e r different conditions. Soil colum n s tud ies 

indicate th a t  w ith  heavy precip ita tion  on coarse tex tu red  soils low in organic 

m atte r the  herb icides leach beyond the  root zone in significant am oun ts .

2 .4 .2  LEACHING O F PENDIMETHALIN AND OTHER RELATED 
DINITROANILINES

The d in itroan ilines are am ong th e  le a s t mobile herbicides. In soil colum n 

study  com paring 28 herbicides, H arris (1967) assigned  th ese  relative mobility 

facto rs (considering  m o n u ro n  as  1.0); d ip ropalin , 0.5; triflu ra lin , 0 .6 ; 

n itralin , 0 .5 -0 .6 ; and  benefin, 0.4-0.7.

Gagnon and  Ham ilton (1973) reported no leaching for seven dinitroanilines 
(butralin, d initram ine, GS-38946, GS-39985, n itralin , profluralin and  trifluralin) 

during a  one year period in w hich 145 cm of rainfall and  irrigation w ater entered 

the sandy  loam  plots.

Signori an d  D euber (1979) revealed h igher leaching of pend im ethalin  in 

loamy soils th a n  in clay soils. Savage and  Jo rd a n  (1980) reported  th a t the 

am oun t of pend im ethalin  in the  15-30 cm soil layer could be detected  only on 

45th  day after application. The con ten t w as h igher a t high m oistu re  regime 

followed by m edium  an d  low m oisture  regim es.

B erayan and  M ercado (1983) found th a t  leaching w as no t observed to be 
a  significant m eans of pend im ethalin  loss in soil. Herbicide residues as 

m easured  by sorghum  bioassay  were found to be p re sen t m ostly in upper 5 cm 

layer in bo th  daily w atered  and  those  w atered  a t every four days a t  20, 50, 80 

and  110 days after trea tm en t. Langem eier e ta l (  1984) reported  th a t  rainfall did 

not influence the  m ovem ent of pend im ethalin  in field.



K u ls h re s th a  a n d  Y a d u ra ju  (1987) s tu d ie d  th e  p e rs is te n c e  of 

pend im ethalin  in soil following pre em ergence trea tm en t a t  1.0 to 1.5 Kg 

a.i. h a  * to w h ea t in  0-5, 5-10 and  10-15 cm  soil dep ths and  reported  th a t m ore 

th an  80 per cen t of the  to tal residues were p resen t in the  0-5 cm layer. The 

re su lts  of b ioassay  s tu d ie s  also indicated  th a t  the  pendim ethalin  residues were 

m ore con cen tra ted  in 0-5 cm layer and  conform ed the  re su lts  of chem ical 
analysis.

Ankegowda e t  a l  (1993) s tud ied  th e  mobility of pend im ethalin  in soil a t 
field capacity  and  a t  50 per cen t field capacity  m oistu re  regim es by using 

ba tte ry  co n ta in ers  (30 X 20 X 10 cm^). Mobility of pend im ethalin  from 0-5 cm 
top layer to 5-10 cm w as m ore an d  very little  m ovem ent occurred to 10-15 cm 

depth. Ninety per cen t of the  applied herbicide rem ained  in top 0-10 cm layer 

and  only 10 per cen t moved to deeper layers of 10-15 cm after one an d  24 days 

after trea tm en t.

Tewari e t  a l (1994) reported  th a t pend im ethalin  residues were confined 

to the upper layer (0-5 cm) of soil, w hile in lower soil dep ths v i z .  5-10 and  

10-15 cm e ith e r res id u es  were p resen t or absen t.



m a t e r ia l  a n d  m e t h o d s



m .  M A T E R IA L  A N D  M E T H O D S

The p resen t investigation w as undertaken  to study  adsorption-desorption, 
persistence-degradation  and  m obility of two herbicides nam ely b u tach lo r and 
pendim ethalin  in soils from th ree  identified soil series in K arnataka . The details 

of the p rocedures u sed  in the  experim ents a re  described below.

3 .1  EXPERIMENTAL SOILS

For soil-herbicide in te raction  s tud ies, surface soil sam ples from 0 to 15 

cm dep th  w ere collected from H iriyur { f i n e  m i x e d  i s o h y p e r t h e r m i c  c h r o m i c  

h a p l u s t e r t s - H i r i y u r  series), M andya [ f i n e  l o a m y  m i x e d  i s o h y p e r t h e r m i c  t y p i c  

u s t r o p e p t s - M a n g a l a  series) an d  M udigere ( l o a m y  s k e l e t a l  k a o l i n i t i c  i s o t h e r m i c  

u s t i c  K a n h a p l o  hum ult-M udigere series). The sam ples w ere a ir dried, hand  

pounded an d  p assed  th rough  2 m m  sieve and  sto red  in p lastic  con tainers. The 

initial physical an d  chem ical properties of th ese  soils were estim ated  as  per the 
s tan d a rd  p rocedures given in Table. 1.

3 .2  HERBICIDES

The chem ical configuration, m olecular weight, w ater solubility, vapour 

p ressu re  an d  techn ica l pu rity  of b u tach lo r [ N - ( B u t o x y m e t h y l ) - 2 - c h l o r o - N - 2 ' , 6 ' -  

d i e t h y l  a c e t a n i l i d e ]  an d  pendim ethalin  [ N - ( l - e t h y l  p r o p y l ) - 3 - 4 - d i m e t h y l - 2 , 6 -  

d i n i t r o  b e n z e n e a m i n e ]  are  p resen ted  in Table 2. The herbicides pendim ethalin  
and b u tach lo r were obtained  from M /S  Rallis India FVt. Ltd., Bangalore and 
Searle India Pvt. Ltd., Bombay respectively. Radio labelled ’'’C -pendim ethalin  

(methyl labelled, Sp. act. 25 .67  uC im g'’) w as obtained from BARC, Bombay.

3 .3  ADSORPTION-DESORPTION OF BUTACHLOR

The adsorp tion-desorp tion  of b u tach lo r w as s tud ied  in soils by following 

b a tch  equilibration  m ethod (Ram an e t  a l . ,  1988). The adsorp tion  of bu tach lo r 
on to th ree  soils w ith  various shak ing  period up to  48 h rs  indicated  th a t  shak ing



Table - 1 Analytical procedures used for soil analysis

SI.No PARAMETER METHODOLOGY REFERENCE

1. Mechanical analysis International pipette metbiod Piper, 1966

2. Soil reaction 
( Soil Water ratio 1:2.5)

Combined glass electrode Jackson, 1973

3. Electrical Conducltlvlty (EC) Conductometry Jackson, 1973

4. Cation Exchange Capacity (CEC] Ammonium saturation with 
ammonium acetate and 

sodium saturation 
with Sodium acetate

Black, 1965

5. Exchangeable Calcium Versenate titration Hesse, 1971

6. Exchangeable Mangeslum Versenate titration Hesse, 1971

7. Organic Carbon Walkley & Black wet 
oxidation

Piper, 1966

8. Avallabe Nitrogen Alkaline Permanganate Subbalah and 
A.slja, 1956

9. Available Phosphorus Bray s extractant 
and

Olsen's extractant
Jackson, 1973

10. Available Potassium Neutral ammonium acetate Jackson, 1973

11. Iron and Aluminium Oxide 0.2M ammonium oxalate 
(pH3.0) extractant

Mckcagne & 
Day, 1966

12. Moisture content at 
Field capacity

Ceramic plate 
pressure plate apparatus

Black, (1965)

13. Hydraulic Conductivity Soil column Black, (1965)
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of soil w ith  b u tach lo r for a  period of 1 2  h rs  w as found to be sufficient to a tta in  
equilibrium .

A dsorption w as s tud ied  by u sing  2 g of 2 m m  sieved soils w ith  10 mL of 

aqueous so lu tions contain ing  0, 2.5, 5.0, 10.0, 15.0 an d  20 .0  ug ml ’ bu tach lo r 

in 0 .0 1  M CaClj in teflon lined screw  capped g lass centrifuge tubes. These 

concen tra tions w ere equivalent to 0, 12.5, 25.0, 50.0, 75.0 an d  100.0 ug of 
b u tach lo r p er g ram  of soil respectively. The co n ten ts  w ere equilibrated  for 12 
h rs  on a  w rist action  shaker. At the  end of equilibration, the  co n ten ts  were 
centrifuged a t  5 ,000 rpm  for 15 m inu tes. Two mL of s u p e rn a ta n t w as removed 

from the  centrifuge tu b e  for the  estim ation  of bu tach lo r. The q u an tity  of 

bu tach lo r adsorbed  w as calcu la ted  by determ ining the  difference betw een the 

initial concen tra tion  and  concen tra tion  p resen t in the  equilibrium  solution.

For study ing  desorption, b a tch  equilibration  w as followed by replacing 

the su p e rn a ta n t w ith  0.01 M CaClj. After rem oving two mL for adsorp tion  

study, two mL of 0.01 M CaClj w as added to the  sam e centrifuge tu b es  to m ake 

the volum e to 10 mL. The soil su sp en sio n  w as equilibrated  again  for 12 h rs  as 
described above and  centrifuged. The process of w ithdraw al of 2 mL of 

su p e rn a ta n t for m easuring  the  herbicide concen tra tion  and  replacing it by 2 mL 

of 0.01 M CaClj so lu tion  for reequilibration  w as repeated  four tim es. The 

b u tach lo r in su p e rn a ta n t w as ex tracted  w ith  hexane and  analysed  by G as 

Liquid C hrom atography as  described in 3.6.1.

For each  m easu rem en t, a  fortified b lank  w as included to m easu re  the 
effect of adsorp tion  of herbicide on to the wall of centrifuge tubes. The am ount 

of herbicide adsorbed  on soil w as calcu lated  by equation  A = (C  ̂- C) V /  m, 
w here ‘A’is the  am o u n t adsorbed  (ug g'* of soil), ‘C’ and  ‘C^’ a re  equilibrium  
concen tra tion  (ppm) of herbicides after shak ing  w ith  no soil an d  w ith  soiL'V’ is 

the volum e of so lu tion  (2 mL) an d  ‘m ’ is the  w eight of soil (2 g). Each 

m easu rem en t w as carried  o u t in duplicates. The adsorp tion-desorp tion  w as 

also s tud ied  in soils w ith  two and  four per cent FYM (organic carbon  9.2 %).



3 .4  ADSORPTION-DESORPTION O F ”  C PENDIMETHALIN

A dsorption-desorption of pend im ethalin  w as also s tud ied  in th ese  three 
soils by b a tch  equilibration  m ethod u sing  m ethyl labelled pendim ethalin .

Solution containing approxim ately 15,000 counts per m inu te  per milliliter 

(cpm ml ’) ’'*C- pen d im eth a lin  w as m ixed w ith  add itional non  labelled 

pendim ethalin  so th a t  concen tra tions of 0, 0 .1778, 0 .3559, 0 .5338  and  0.7117 

uM p end im ethalin  in 0.01 M CaClj were obtained, w hich corresponded  to 0, 89 
X 10-2, 178 X 10-2. 267 X 10-2 3 5 6  x  IO-2 uM kg-’ soil respectively. These

concen tra tions w ere equivalent to 0. 0.25, 0.50, 0 .75 and  1.00 ppm w  of soil.

Two g of soil an d  10 m b ofherb icide so lu tion  were placed in 15 m b teflon 

lined screw  cap centrifuge tubes. The sam ples w ere equilibrated  by shak ing  on 

a w rist action  sh ak e r for 6  h rs  a t 25+5°C. Prelim inary s tu d ie s  indicated  no 

significant change in pend im ethalin  adsorp tion  betw een 6  an d  24 h rs  of 

shaking . The tu bes w ere centrifuged a t 5 ,000 rpm  for 15 m inu tes. Two m b 

aliquot of s u p e rn a ta n t w as rem oved from each  tube  and  placed in 15 m b of 
scin tilla tion  cocktail [7 g PPO ( 2 , 5 - D i p h e n y l  o x a z o l e ) ,  300 mg POPOP ( 1 , 4  b i s  ( 2 -  

4 - m e t h y l  5 - p h e n y l  o x a z o l y l )  b e n z e n e }  and  100 g N aphthalein  dissolved in one 

liter of 1,4 Dioxan] an d  ’̂ C-activity w as determ ined by liquid scin tilla tion  

system . The q u an tity  of pend im ethalin  adsorbed  w as calcu lated  by determ ining 

the  d ifference betw een  in itia l herb ic ide  co n cen tra tio n  (cpm m b’) and  
concen tration  p resen t in equilibrium  solution.

D esorption w as determ ined on th e  sam e sam ples u sed  for adsorp tion . 
D esorption w as achieved by rem oving 2 m b of th e  s u p e rn a ta n t from the 

centrifuged sam ples an d  th en  replacing it w ith  2 m b of 0.01 M CaCl2 solution. 
This process of rem oving 2 m b su p e rn a ta n t an d  addition of 2 m b of fresh 0.01 

M CaCl2 w as repeated  four tim es. Prior to each  desorption, the  sam ples were 

shaken  for 6  h rs  a t  2 5 i5 '’C.

A fortified b lan k  w as included in the  adsorp tion  s tu d ie s  to m easu re  the



effect of adso rp tion  of herbicide to the walls of centrifuge tubes. The adsorp tion  - 

desorption s tudy  w as also s tud ied  in the  soils am ended w ith two an d  four per 
cent FYM (organic carbon 9.2 %).

3 .5  ADSORPTION ISOTHERMS

A dsorption iso therm s were constructed  using  the b e st fit regression 

equations. F reundlich  c o n stan ts  K and  1 / n  were calcu lated  from the  equation

log x /m  = log K + 1 /n lo g C

w here x /m  = q u an tity  of herb icide adsorbed  per u n it  w eight of 

soil (mg kg'* or uM kg'*)

C = Equilibrium  concen tra tion  (mg L'* or uM L'*)

K = Freundlich co n stan t 
1 /n  = Slope

K is an  ind icato r of relative adsorp tion  affinity am ong herbicides a t un it 
concen tration  and  1 / n  indicates relative linearity  betw een adsorp tion  and 
concen tra tion  of herbicides.

The adsorp tion  varies w ith a  num ber of soil p roperties, w ith the soil 

organic carbon  co n ten t being apparen tly  the  single b e s t predictor of the 

sorption coefficient. The sorp tion  coefficient for a  p a rticu la r pesticide, when 

norm alised w ith respect to soil organic carbon (OC) con ten t is essentially  

independent of soil type and  hence the  norm alized sorp tion  coefficient (K J  is 
calculated  as

K
K = ..........  X 100

O C

% OC

w here K is the  F reundlich’s co n stan t and  % OC is the  per cen t organic 

carbon co n ten t of soil.



3 .6  PERSISTENCE OF BUTACHLOR IN SOILS

The persistence  of b u tach lo r w as s tud ied  in Hiriyur, M andya and  

Mudigere soils a t  a ir dry (100 MPa), a t field capacity  (0.033 MPa) and  a t 

subm ergence (0 MPa). The levels of b u tach lo r u sed  were 2 .5  mg kg '’ and 

5.0 mg kg ’.

Five g of soil w as in troduced  into the  g lass te s t tu b es  and  b u tach lo r w as 

added to achieve the  concen tra tion  levels of 2.5 mg kg ’ and  5 .0  mg kg ’ of soil. 
The sam ples w ere th en  hom ogenized by shak ing  the  te s t tu b es  m anually . Then 
the sam ples were b rough t to required  soil m oistu re  tensions by adding distilled 
w ater. Subm ergence (0 MPa) w as achieved by adding 8  mL of w ater to all the 
soils so th a t  1.5 cm w ater colum n w as m ain ta ined  over th e  soil su rface. The te s t 

tu bes were th en  incubated  in B .O .D at OO^C. Initial weight of each  te s t tu b e  w as 

recorded and  m oistu re  co n ten ts  w ere m ain ta ined  by periodic add itions of 

w ater. At periodic in tervals (0, 1 ,8 , 15, 22, 36, 57 and  85 days after treatm ent) 

tu b es  were rem oved for residue  analysis in duplicate.

3 .6 .1  PERSISTENCE OF BUTACHLOR IN ORGANIC AMENDED SOILS

The p ersistence  of bu tach lo r (5 mg kg ’) w as also m onitored in Hiriyur, 
M andya an d  M udigere soils fortified w ith  one and  two per cen t of FYM (organic 

carbon 9.2 %) and  paddy s traw  (organic carbon 28.5 %) on w /w  basis  u n d e r two 

m oisture  regim es nam ely field capacity  (0.033 MPa) and  subm ergence (0 MPa). 

The experim ental procedure w as sim ilar a s  in 3 .6  and  3.6.3. The soils were 

analysed  for b u tach lo r residue  a t  0, 1, 4, 8 , 15, 22, 36 and  57 days after 

application.

3 .6 .2  RELATIVE PERSISTENCE OF BUTACHLOR IN AUTOCLAVED

(STERILE) AND NONAUTOCLAVED (NON STERILE) SOILS UNDER

FIELD CAPACITY AND SUBMERGENCE

In order to ge t m ore insigh t into the  degradation  of b u tach lo r in soil the
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relative persistence  in autoclaved and  nonautoclaved soils w ere com pared. Test 

tubes contain ing  5 g of soil m oistened w ith two to th ree drops of w ater were 

autoclaved for 1 h r  a t 15 psi. Autoclaving w as repeated  th ree  tim es on a lte rnate  

days. B u tach lo r stock  so lu tion  w as th en  added to sterile  and  non  sterile  soils 

to achieve concen tra tions of 5 mg kg* of soil. Additional sterile  w a ter w as added 

to achieve field capacity  and  flooded conditions. The tu b es  w ere plugged with 

cotton and  kejjt for incubation  in BOD a t 30°C. At periodic in tervals two tubes 

were removed for residue analysis  by gas chrom atographic m ethod as  given in 

3.6.3.

3 .6 .3  EXTRACTION OF BUTACHLOR AND RESIDUE ANALYSIS

Tine ex traction  of bu tach lo r from soil w as carried  o u t by using  m ethanol, 

acetone an d  aceton itrile  an d  la tte r partitioned  w ith hexane. Since estab lished  

m ethods w ith acetone (M abbayad e t a l  1984), acetonitrile (K ulshrestha, 1987) 

gave only 60% recoveiy, ex traction  by m ethanol and  su b seq u en t partition ing  

witli hexane gave a  recovery of 85%, a m ethod w as s tan d a rd ised  w ith m ethanol 

as ex trac tan t and  su b seq u en t partition ing  w ith hexane.

The soil sam ples were transferred  to 100 m b stoppered  conical llask  

along wi th  50 m b m eth an o l. The flasks were sh ak en  for one h r in a  reciprocating 

sh ak er and  filtered under suction . The ex tract w as th en  transferred  to 

separa ting  funnel. Fifty m b of hexane w as added, sh ak en  for 30 seconds and  

layers were allowed to separa te . Upper hexane layer w as collected and  lower
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layer w as fu rth er ex tracted  twice w ith 25 mL of hexane. The hexane fractions 

were pooled and  passed  th ro u g h  anhydrous sodium  su lp h a te  and  w as 

concen tra ted  by u sing  ro tary  flash evaporator u n d e r v acuum  a t 40"C. The 

concen tra ted  hexane w as transferred  to g rad u a ted  te s t tu b e  an d  m ade up to 

5 m b by adding repeated  w ashings. Two uL aliquot of the  ex trac t w as injected 

into a  Chernito 2865 G as C hrom atograph for analysis. The gas chrom atographic 

pa ram ete rs  were a s  follows

D etector E lectron C ap tu re  D etector (ECD) a t 250  "C.

Colum n Specifications

Liquid Phase 

Solid Phase 

M esh Size 

le n g th  

D iam eter

Injector Port T em perature  

Oven T em peratu re  

C arrier G as 

C arrier Flow ra te  

R etention tim e

5 % SE 30 

CH (WHP) 

8 0 /1 0 0  

1 m

1 . 8  mm 

240 ”C 

225 "C 

Nitrogen 

40 mL m in ' 

3 .16 m inu tes



Recovery per cen t of b u tach lo r w as determ ined for th ree  soils a t two ra tes  
of app lication  u n d e r th ree  m oistu re  regim es. Recovery p e r cen t w as also 

determ ined  in  soils w ith  organic am endm ents and  the  d a ta  are  furn ished  in 
Table. 3.

3 .7  PERSISTENCE OF PENDIMETHALIN IN SOILS

The persistence  of pend im ethalin  w as s tud ied  in H iriyur, M andya and  

M udigere soils u n d e r th ree  m oistu re  regim es nam ely a ir dry (100 MPa), field 

capacity  (0.033 MPa) and  subm ergence (0 MPa).

Two levels of *^C- pendim ethalin  @ 0 .5  mg kg'* and  5 .0  mg kg ' were 

in troduced  in to  50 mL te s t  tu b es  contain ing  5 g each  of th e  soil. Respective 

levels w ere achieved by adding 50 uL an d  500 uL of 50 ppm  sto ck  so lu tions. The 

soil w as hom ogenised after addition of pend im ethalin  by m an u al shaking. 

Additional w ater w as added to  bring the  soils to m oistu re  regim es equivalent 
to e ither 0 .033 MPa or 0 MPa soil w ater tension. Subm ergence (0 MPa) w as 

achieved by adding  8  mL of w ater to all the  soils, so th a t 1.5 cm of w a ter colum n 

w as m ain ta ined  over th e  soil surface. The w eight of each  te s t tu b e  w as recorded 

for periodic ad ju stm en ts  of w ater con ten t. A se t of te s t tu b es  were removed 

im m ediately to determ ine the  initial co u n ts  of '‘*C - pend im ethalin . T est tubes 

were in cu b ated  a t  30°C in B.O.D incubator. D uplicate tu b es  w ere removed for 

estim ation  of pend im ethalin  residues a t  1, 8 , 15, 22, 36, 57 and  85 days after 

trea tm en t.

3 .7 .1  PERSISTENCE OF PENDIMETHALIN IN ORGANIC AMENDED SOILS

The p ersistence  of pendim ethalin  (5mg kg"') w as also carried  o u t in 

Hiriyur, M andya an d  M udigere soils fortified w ith one and  two per cen t FYM and 
paddy s traw  u n d e r field capacity  (0.033 MPa) and  subm ergence (0 MPa). The 
experim ental p rocedure w as sim ilar a s  in 3.7. The soil sam ples w ere analysed 
for residue  a t 0, 1, 4, 8 , 15, 22 an d  36 days after application  of pendim ethalin  

as  in 3 .7 .3 .



3 .7 .2  RELATIVE PERSISTENCE O F PENDIMETHALIN IN AUTOCLAVED
(STERILE) AND NONAUTOCLAVED (NONSTERILE) SOILS UNDER
FIELD CAPACITY AND SUBMERGENCE

In order to s tudy  the  role of m icroorganism s in the  degradation  of 

pend im ethalin  in soils, the  relative persistence  of pend im ethalin  in autoclaved 

and  nonau toclaved  soils w ere com pared. To sterilize, 5 g of each  soils m oistened 

w ith two to th ree  drops of w ater were placed in  50 mL te s t tu b es  w ith th in  

shallow  m oist layers and  th en  autoclaved for 1 h r  a t  15 psi. Autoclaving w as 
repeated th ree  tim es on a lte rn a te  days. '‘*C-labelled pend im ethalin  w as added 

to autoclaved and  nonautoclaved  soils to achieve 5 mg kg'* level of herbicide. 
Additional w ater w as added to achieve required  m oistu re  levels nam ely field 
capacity  and  subm ergence. The sam ples were incubated  in B.O.D. incubato r 

a t 30"C. T est tu b es  were removed in dup licate  each  tim e for residue  analysis 
a t periodic in tervals.

3 .7 .3  EXTRACTION O F C PENDIMETHALIN AND RESIDUE ANALYSIS

The extraction  and  analysis  of pendim ethalin  were carried  o u t as per the 

m ethod of Zimdahl e t a l .  (1984). The contents of the te s t tubes were quantitatively 

transferred  to 100 m b conical flask using  50 mL acidified m ethanol (methyl 
alcohol, w ater and  concen tra ted  HCl in the  ratio  of 75:24:1). The flasks were 

shaken  for one h o u r on a  reciprocating sh ak e r and  filtered u n d e r suction . The 

ex tract w as transferred  to 250 mL separa ting  funnel. Fifty mL of hexane w as 

added to th e  funnel, sh ak en  for 30 seconds and  layers were allowed to separa te . 

The aqueous layer w as fu rth er ex tracted  twice w ith hexane, each  tim e w ith 25 
iiiL. Tlie pooled liexane w as passed  th rough  anhydrous sodium  su lp h a te  and  

evaporated to dryness by u sing  ro tary  flash evaporator. The residue  w as 

dissolved in hexane and  transferred  to g rad u a ted  storage vials an d  the  volum e 
w as m ade up to 2 mL. Fifty uL of a liquot w as transferred  to scin tilla tion  vials 

contain ing  five niL of scin tilla tion  cocktail (7g PPO, 300 mg POPOP an d  100 g 
nap h th a le in  dissolved in one liter of 1,4 dioxan) and  *'*C activity w as determ ined 
by using  liquid scin tilla tion  system . The d a ta  on recovery p er cen t of 
pendim ethalin  in soils and  also w ith organic am endm ents u n d er different 

m oisture  regim es are p resen ted  in Table.4.
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Table - 3 Percent recovery of Butachlor &  ^^C-Pendimethalin from
soils under different moisture regimes

SO IL Rate of 
application 
( mg kg -1 )

Moisture Regimes

Air dry Field Capacity Submergence

Butachlor

Hlrlyur 2.5 89.16 86.86 88.66
5.0 90.12 87.79 89.27

Mandya 2.5 88.15 86.15 86.41
5.0 90.89 86.86 87.03

Mudlgere 2.5 92.44 88.34 90.52
5.0 93.17 90.18 91.14

'“C - Pendlmethalln

Hlrlyur 0.5 94.65 94.25 92.08
5.0 94.04 86.54 88.92

Mandya 0.5 95.81 92.08 92.89
5.0 92.78 84.01 86.78

Mudlgere 0.5 93.09 91.07 89.84
5.0 89.27 88.57 88.22



Table - 4 Per cent recovery of Butachlor & ^^C-Pendimethalin from.
soils with organic amendements under different moisture 

re^mes

Soli Field Capacity Submergence

Butachlor

H F l 82.86 86.47
HF2 81.49 85.33
H P S l 83.44 86.12
HPS2 83.00 86.00

M aF l 80.16 84.86
MaF2 78.44 84.15
M aP S l 82.59 86.45
MaPS2 80.47 85.39

M u F l 86.34 90.15
MuF2 85.55 89.06
M u P S l 88.11 89.53
MuPS2 87.00 88.13

'■‘C-Pendlmethalln

H F l 92.86 89.38
HF2 92.10 88.93
H P S l 93.44 87.74
HPS2 92.10 86.17

M aF l 85.17 86.29
MaF2 85.76 84.54
M a P S l 87.41 88.19
MaPS2 86.10 85.50

M u F l 90.49 88.56
MuF2 89.24 87.74
M u P S l 89.55 88.96
MuPS2 89.10 86.87

H - Hlrlyur

F- Farm Yard Manure

M a - Mandya Mu - Mudlgere

PS - Paddy Straw 1 - One percent 2 - Two percent



3 .8  DEGRADATION KINETICS

The re su lts  of the  persistence  and  degradation  of b u tach lo r and  

pendim ethalin  w ere fitted to first order exponential equation  in order to 
in te rp re t the  ra te  of degradation. The equation  is

C = C„ e

w here C is the  concen tra tion  after tim e t, is th e  initial concen tra tion  and  K 

the ra te  co n stan t. T hus a  plot of th e  logarithm  of concen tra tion  ag a in st time 

gives a  s tra ig h t line w ith  slope proportional to the  ra te  co n stan t. W riting t j^  as 

the tim e tak en  for 50 per cent degradation  or “h a lf life”, th e  above equation  

becom es

t j^  = 0 .6932 /  K

3 .9  LEACHING/MOBILITY OF HERBICIDES IN SOILS

3 .9 .1  PREPARATION OF SOIL COLUMNS

Polyvinyl chloride (PVC) pipes of 2 .5  m m  th ickness w ere u sed  in the 
p resen t study . E ach  colum n w as of 35 cm  length  w ith  ft' cm in n er diam eter. 
The colum ns w ere sp lit open longitudinally  into two equal halves. The two 

halves of each  colum n were jo ined together and  held in place w ith the  help of 

adhesive tapes. The bottom  of soil colum n w as closed w ith  a lum in ium  sheet 

w ith perforations an d  tied w ith the help of m etal clam ps. A layer of one cm thick 

glasswool w as p laced a t  the  bottom , over w hich soil w as packed to 30 cm len g th . 

The experim ental se t up  is show n in Plate. 1.

3 .9 .2  APPLICATION O F HERBICIDE

B utach lo r s to ck  so lu tion  of 2000 ppm  w as p repared  an d  required  
qu an tity  w as added to the  soil colum ns in order to achieve the  concen tra tion  

of 5 mg kg'* of soil.



Plate-1. Experimental set up for mobility study



Pendim ethalin  (^^C-labelled) w as mixed w ith 2000 ppm  stock  so lu tion  of 
nonlabelled pend im ethalin  to ob ta in  approxim ately 40,000 co u n ts  per m inute 

(cpm). From the  stock  so lu tion  required  qu an tity  w as added to soil colum ns to 

achieve a  concen tra tion  of 5 mg kg ’ of soil. The required  chem ical w as mixed 
w ith top 1 cm soil and  stirred  thoroughly  w ithou t d is tu rb ing  th e  soils below to 

ensure  d is tribu tion  of the  chem ical on th e  surface of the  colum n.

3 .9 .3  MOBILITY STUDY - I

After the  add ition  of herbicide, one cm layer of glasswool w as placed. 

C alculated am o u n t of w ater w as added to soil colum ns to achieve field capacity  

(0.033 MPa). D uplicate co lum ns were used  for each  interval of 6 , 24 an d  72 h rs 
of leaching study. After 6  h o u rs  a  volum e of 100 m b of w a ter w as added to all 
the co lum ns se t to remove a fter 24 and  72 h rs . There w as no leach a te  in all the 
soil co lum ns in the  first 6  h rs  interval. After 24 h rs  an o th er increm ent of 100 
mL of w ater w as added  to th e  soil colum ns to be removed a t the  end of 72 hrs. 

To avoid any  degradation  of chem ical, the  collected leachate  w as removed a t 

every 6  h rs  interval and  sto red  a t -S^C. The leachate  were then  pooled and  
analysed  for b u tach lo r and  pendim ethalin .

3 .9 .4  MOBILITY STUDY - H

In order to s im ulate  mobility of herbicides in soils a t  varying m oisture 
regimes in the field, an o th er s tudy  w as conducted  u sing  sa tu ra te d  soil colum ns 

for the  application  of herbicides. In th is  experim ent, PVC colum ns filled with 

soils upto  30 cm height a s  described in 3.9.1 were kept in 600 mL beakers 

contain ing  a b o u t 200 mL of w ater to allow upw ard  m ovem ent of w ater. After 

one and  two h rs  additional 100 mL of w ater w as added to beakers  and  the 
colum ns were kep t for 24 h rs  to a tta in  sa tu ra tio n  by upw ard m ovem ent of 
w ater. Herbicide w as added a t the  ra te  of 5 mg kg ’ soil. Two hun d red  mL of 

w ater w as added to each  colum n in a liquo ts of 50 mL an d  leachate  w as collected 
after 6  h rs . Sim ilarly 200 mL of w ater w as added in aliquo ts a fter every 6  h rs  

upto  24 h rs  and  leacha tes were collected a t  respective in tervals. Leachates were 
analysed  for the  herbicides as  m entioned in 3 .6 .3  and  3.7.3.
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3 .9 .5  CHEMICAL ASSAY

At the  end of each  interval, soil colum ns w ere sp lit open longitudinally, 

rem oving the  adhesive tape by passing  a n  a lum in ium  knife th ro u g h  the 
longitudinal opening.

O ne h a lf of each  colum n w as sep ara ted  into four equal dep th s  a t 0-7.5, 

7 .5-15,0, 15-22.5 an d  22 .5-30 .0  cm. Soil from each  dep th  w as thoroughly 

mixed and  100 g w as tak en  for herbicide ex traction  an d  analysed . B utachlor 
ex traction  w as done by adding 200 mL of m ethanol to 100 g of soil in 500 mL 

conical flask. The detailed procedure of ex traction  and  analysis  is m entioned 

in the section  3 .6.3. Pendim ethalin  ex traction  w as done by adding 200 rnL of 

acidified m ethanol to 100 g of soil in 500 mL conical flask  an d  ex tracted  and  

analysed  as  described in the  section  3.7.3. B utach lor ex traction  in leachate  w as 
done w ith hexane and  analysed by gas liquid chrom atography and  pendim ethalin 
ex traction  in leacha te  w as also done w ith  hexane an d  analysed  by liquid 

scin tilla tion  system .

3 .9 .6  BIOASSAY

The o ther h a lf of the  soil colum n w as used  for b ioassay  by growing ragi 
( E l e u c i n e  c o r a c a n a )  var. PR 202 a s  ind icato r p lan t( Leela, 1988). The whole 

length of the soil colum n w as b ifu rcated  into four dep th s  by a lum in ium  foils. 
Ragi seeds were sown a t  the ra te  of 0.5 g in each  dep th  w hich accoun ted  for 
abou t 150 seeds. After sowing, the  colum ns w ere kep t in  germ ination  cham ber 

and  optim um  m oistu re  w as m ain ta ined  by u sing  m ist sp rayer to en su re  growth 

of seedlings. M inim um  w ater w as u sed  to avoid any fu rth er leaching of 

chem ical. Seedlings w ere removed 10 days a fter sowing and  fresh w eights of 

shoo ts were recorded.

In an o th e r experim ent ragi w as grown in  soils w ith graded levels of 
herbicides to te s t its  sensitiv ity  to herbicide residues. One h u n d red  g of soil w as 
mixed w ith  e illier b u tach lo r or pend im ethalin  to achieve the  s tan d a rd  
concen tra tions of 0 , 0.5, 1 .0 , 2 .0 , 4 .0 and  8 .0  mg kg ’ soil and  transferred  to



petrid ishes. C alcu lated  am o u n t of w ater w as added to m ain ta in  field capacity. 
One h u n d red  ragi seeds w ere sown uniform ly. The weight of pe trid ishes were 
recorded for the  add ition  of w ater twice daily. Seedlings were rem oved 10 days 

after sowing an d  fresh  w eights of shoo ts  were recorded.



EXPERIMENTAL RESULTS



IV. E X P E R IM E N T A L  R E S U L T S

S tud ies w ere conducted  to m onitor adsorp tion , desorp tion , persistence- 

degradation  and  m ovem ent of b u tach lo r and  pendim ethalin  herb icides in three 

soils rep resen ting  different series of K arnataka. The soils w ere collected from 

Hiriyur ( F i n e  m i x e d  i s o h y p e r t h e r m i c  c h r o m i c  h a p l u s t e r t s  -  H i r i y u r  S e r i e s ) ,  

M andya ( F i n e  l o a m y  m i x e d  i s o h y p e r t h e r m i c  t y p i c  u s t r o p e p t s  - M a n g a l a  S e r i e s )  

and  M udigere ( L o a m y  s k e l e t a l  k a o l i n i t i c  i s o t h e r m i c  u s t i c  K a n h a p l o h u m u l t  - 

M u d i g e r e  S e r i e s ) .  The re su lts  of the  s tud ies are p resen ted  in th is  chap ter.

4 .1  PHYSICO-CHEMICAL PROPERTIES OF SOILS

The d a ta  on physico-chem ical properties of soils are p resen ted  in Table. 

5. The H iriyur soil w as clayey in tex tu re  w ith a  clay co n ten t of 45.85 per cent 
while M andya and  M udigere soils were sandy  clay loam  in tex tu re  w ith 25.78 

and  20 .13  per cen t clay respectively.

The m oistu re  co n ten t a t  field capacity  (0.033 MPa) w as lowest in 

Mudigere soil (18.9 %) as  com pared to H iriyur (38.6%) and  M andya (31.4%) 

soils. The soil organic carbon con ten t w as h ighest in M andya (1.1%) and  lowest 
in M udigere (0.30 %) an d  H iriyur recorded an  in term ediate  value (0.57%). The 

hydraulic  conductiv ity  a t  sa tu ra tio n , in Hiriyur, M andya and  M udigere soils 

were 0.56, 1.89 an d  2 .95 cm hr'^ respectively.

Soil reaction  (pH) of these  soils varied widely. H iriyur soil w as alkaline 

(9.12) w ith a  cation  exchange capacity  o f35.93 cmol kg h w hereas M andya and 

Mudigere soils were n eu tra l (6.98) and  acidic (4.95) w ith  cation  exchange 

capacity  of 21.72 an d  10.79 cmol kg'* respectively.

The available N, P an d  K con ten ts  were 292.49, 28 .97  an d  145.85 

kg ha'* in Hiriyur, 487.43, 18 .74and  176.29 kg ha'* in M andya an d  2 6 0 .79 ,3 .62  

and  139.91 kg h a  * in Mudigere soil respectively. The exchangeable Ca, Mg and  

Na were h ighest in H iriyur soil w hen com pared to M andya and  M udigere soils.
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Table - 5 Physico - Chemical properties of soils

SI. No. PARAMETERS HIRIYUR MANDYA MUDIGERE

1. Particle size distribution
Sand (%) 41.19 65.82 51.44
Silt (%) 11.00 8.15 27.88
Clay (%) 45.85 25.78 20.13

Textural Class Clay Sandy clay loam Sandy clay loam
2. Taxonomical Classification Fine mixed isohyper Fine loamy mixed Loamy Skelcted

thermic chromic isohypetlhermic Kaolinitic
haplusterts lypic ustropepls isoUiennic ustic

Kanhaplohumult

3. Colour lOYR 5/4 7.5YR 5/6 5 YR5/6
4. Moisture content {%) at

Field capacity 38.6 31.4 18.9
5. Organic caibon (%) 0.57 1,10 0.30
6. Hydraulic conductivity (cm h ') 0.56 1.89 2.95
7. pH (1:2.5 Soil: Water) 9.12 6.98 4.95
8. Electrical conductivity (dSm ') 0.45 0.22 0.04
9. Cation exchange capacity (cniol kg ') 35.93 21.72 10.79
10. Available N (kg ha ') 292.49 487.43 260.79
11. Available P (kg ha') 28.97 18.74 3.62
12. Available K (kg ha ') 145.85 176.29 139.91
13. Excliangcablc Ca (emol kg ') 15.54 10.86 3.07
14. Exchangeable Mg (emol kg ') 11.21 5.02 2.30
15. Excliangcablc Na (emol kg ') 6.41 0.75 0.47
16. Exchangeable K (emol kg ') 0.95 0.36 1.18
17. FePj (mg kg ') 1.89 6.28 3.95
18. AiPj (mg kg ') i.03 3.11 1.28



Exchangeable Ca an d  Mg were 15.54 and  11.21 cmol kg'* in H iriyur, 10.86 and
5.02 cmol kg'* in M andya an d  3.07 and  2.30 cmol kg'^ in M udigere soil 
respectively.

The free iron and  a lum in ium  oxides (FejOg and  AI2O3) were lower in 

H iriyur (1.89 an d  1.03 mg kg'*) th a n  M andya (6.28 and  3.11 mgKg''] and 

Mudigere (3.95 an d  1.28 mg kg'*) soil.

4 .2  ADSORPTION - DESORPTION OF BUTACHLOR

The re su lts  of adsorp tion  - desorp tion  of bu tach lo r on Hiriyur, M andya 

and M udigere soils a re  p resen ted  in Tables. 6 , 7 and  8  respectively.

The d a ta  in Table. 6 . depict the  adsorp tion  desorp tion  of b u tach lo r in 

H iriyur soil and  also  the  soil incorporated  w ith two and  four per cen t (w/w) farm 
yard  m an u re  (FYM) as  organic am endm ent.

As illu s tra ted  in Fig. 1. adsorp tion  of bu tach lo r w as lower a t low 

eq u ilib ra tin g  c o n ce n tra tio n  an d  in c reased  w ith  in c rease  in  b u ta ch lo r 
concen tra tion . The adsorp tion  of b u tach lo r ranged from 8 .27  to 53.37 

mg kg'* of soil for th e  initial concen tra tion  ranging from 12.5 to 1 0 0 .0  

mg kg'*. Though there  w as an  increase in adsorp tion  w ith increase in 

equilibrating concen tra tion , the  per cen t adsorp tion  showed a  reverse trend 
(69.38 % a t 12.5 mg kg'* and  53.37 a t  100.00 mg kg'*). The cum ulative 
desorption of b u tach lo r ranged from 2.00 to 16.36 mg kg'* and  the corresponding 

percentage desorp tions were 24.22 to 30.66 (Table. 6 ).

A dsorption of b u tach lo r increased  w ith the  incorporation  of two per cent 
FYM, an d  ranged from 8 .98  to 59.94 mg kg'* for the  initial concen tra tion  range 

of 12.5 mg kg'* to 100 mg kg'* respectively. The per cen t adsorp tion  of bu tach lo r 

for H iriyur soil w ith two per cen t FYM decreased  from 71.87 to 59 .93  w hereas 
cum ulative desorp tion  and  per cen t desorp tion  increased  from 2.09 to 17.47 

mg kg'* an d  23 .24  to 29.14 for an  initial concen tra tion  range of 12.5 to 100.00 
mg kg'* respectively. F u rth e r increasing  the level of FYM to four per cent



Table - 6 Adsorption - Desorption of Butachlor in Hiiiyur soil

INITIAL CONCENTRATION {mg kg ')
12.5 25.0 50.0 75.0 100.0

SO IL  ALONE

Equilibrium Concentration 0.85 1.79 3.67 6.18 9.33
( mg L ' )

Adsorption ( mg kg ') 8.27 16.06 31.67 44.12 53.37

%  Adsorption 69.38 64.23 63.34 58.82 53.37
Cumulative Desorption 2.00 4.17 8.44 12.33 16.36

( mg kg ' )

%  Desorption 24.22 25.99 26.64 27.94 30.66

SO IL WITH 2% (W/W) FYM

Equilibrium Concentration 0.70 1.55 3.45 5.74 8.01
( mg L ' )

Adsorption ( mg kg ') 8.98 17.24 32.73 46.31 59.93

%  Adsorption 71.87 68.94 65.47 61.77 59.93
Cumulative Desorption 2.09 4.25 8.61 13.06 17.47

( mg kg ' )

%  Desorption 23.24 24.64 26.30 28.19 29.14

SO IL WITH 4% (W/W) FYM

Equilibrium Concentration 0.59 1.29 3.03 5.10 7.13
( mg L ' )

Adsorption ( mg kg ') 9.53 18.56 34.84 49.48 64.37

%  Adsorption 77.81 74.26 69.68 65.97 64.37
Cumulative Desorption 2.14 4.31 8.75 13.19 18.07

{ mg kg ' )

%  Desorption 22.46 23.20 25.12 26.66 28.07
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increased  the  adso rp tion  of bu tach lo r. The adsorp tion  ranged  from 9.53 to

64.37 mg kg * for the  initial concen tra tion  range of 12.5 to 100.00 mg kg *. The 

per cen t adsorp tion  increased  w ith the  incorporation  of FYM a t  four per cent 

level w hereas, the  per cen t desorp tion  showed a  decreasing  trend . The 

cum ulative desorp tion  and  per cen t desorp tion  for H iriyur soil ranged  from 2.14 

to 18.07 mg kg'* and  22.46 to 28.07 respectively for the  initial concen tra tion  
range of 12.5 to 100.00 mg kg'*.

The d a ta  on adsorp tion  and  desorp tion  of b u tach lo r in M andya soil are 
p resen ted  in Table. 7. The Fig. 2. illu s tra te s  the  adsorp tion  - desorption 

iso therm  of b u tach lo r in M andya soil.

The adsorp tion  of B utach lor increased  w ith increase  in the initial 

concen tra tion  as  in  H iriyur soil. It increased  from 9.25 to 70.32 mg kg'* a s  the 
initial concen tra tion  increased  from 12.5 mg kg'* to 100 mg kg'* soil. The per 

cent adsorp tion  decreased  from 75.49 a t  12.5 mg kg'* initial concen tra tion  to
70.37 a t 100 mg kg'*. The cum ulative desorp tion  and  per cen t desorp tion  also 

showed an  increasing  trend  w ith increasing  initial concen tra tion  and  ranged 

from 1.9 to 17.08 mg kg'* and  20.52 to 24.29 p e rc e n t a t 12.5 mg kg'* and  100.0 

mg kg'* respectively.

Soil w ith  two p er cen t FYM showed increase in adsorp tion  from 9.94 to 

72.32 mg kg'* a t 12.5 and  100.0 mg kg'* of initial concen tra tion  respectively. 

It w as found th a t the  per cen t adsorp tion  increased  w ith the  addition  of FYM 

and  ranged from 81 .09  to 72.32 for an  initial concen tra tion  range of 12.5 to 100 
mg kg'*. The cum ulative desorp tion  an d  per cen t desorp tion  ranged from 1.99 

to 17.50 mg kg'* and  20.00 to 24 .20  as  the  initial concen tra tion  increased  from 

12.5 to 100 mg kg'*.

The incorporation  of four per cen t FYM fu rth er increased  the  adsorp tion  

b u t decreased  the  desorp tion  a t  each  initial concen tration . The adsorp tion  and 

per cen t adsorp tion  ranged from 10.38 to 74.93 mg kg'* and  84.71 to 74.93 for 
a  concen tra tion  range of 12.5 to 100.0 mg kg'* respectively. The cum ulative



Table - 7 Adsorption - Desorption of Butachlor in Mandya soil

INITIAL CONCENTRATION (mg kg ' )
12.5 25.0 50.0 75.0 100.0

SO IL  ALONE

Equilibrium Concentration 
( mg L ' )

Adsorption ( mg kg ' )

0.66

9.25

1.29

18.58

2.69

36.57

4.08

54.58

5.94

70.32

%  Adsorption 
Cumulative Desorption 

( mg kg ' )

75.49
1.90

74.30
3.98

73.14
8.19

72.77
12.81

70.37
17.08

%  Desorption 20.52 21.43 22.41 23.48 24.29

SO IL  WITH 2% fW/W) FYM

Equilibrium Concentration 
( mg L ’ )

Adsorption ( mg kg ’ )

0.51

9.93

1.10

19.50

2.29

38.55

3.78

56.09

5.54

72.32

%  Adsorption 
Cumulative Desorption 

( mg kg ' )

81.09
1.99

78.01
4.10

77.10
8.44

74.78
12.53

72.32
17.50

%  Desorption 20.00 21.04 21.88 22.34 24.20

SO IL  WITH 4% (W/W) FYM

Equilibrium Concentration 
( mg L ’ )

Adsorption { mg kg ')

0.42

10.38

0.92

20.39

1.95

40.23

3.20

58.98

5.01

74.93

%  Adsorption 
Cumulative Desorption 

( mg kg ' )

84.71
1.67

81.55
3.31

80.47
6.85

78.65
10.94

74.93
16.67

%  Desorption 16.06 16.25 17.03 18.55 22.25
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desorption  an d  per cen t desorp tion  ranged from 1.67 to 16.67 mg kg’’ and  16.06 
to 22.25 per cen t a s  the  initial concen tra tion  increased  from 12.5 to 100 

mg kg'h It w as observed th a t  the  addition  of FYM decreased  the  cum ulative 

desorption an d  per cen t desorption.

The d a ta  in Table. 8 . p e rta in  to the  adsorp tion  an d  desorp tion  of 

bu tach lo r in M udigere soil. The Fig. 3. illu s tra te s  the  adsorp tion  - desorp tion  
iso therm  of bu tach lo r in M udigere soil.

The adso rp tion  and  desorp tion  of b u tach lo r in M udigere soil showed a 

sim ilar trend as observed in Hiri)mr and M andya soils. As the initial concentration 

increased  from 12.5 to 100 mg k g '\  the  adsorp tion  and  p er cen t adsorp tion  

increased  from 5.83 to 43.9 m g kg-1 and  47.56 to 43.90, w hereas, cum ulative 

desorption and  per cen t desorp tion  decreased from 1.90 to 16.72 mg kg ' and 

32.62 to 38 .09  respectively. In case of soil w ith  two per cent FYM the  adsorp tion  

of b u tach lo r an d  p e r cen t adsorp tion  increased  from 6 .6 6  to 48 .66  mg kg ' and 

53.25 to 48.66 as  the  initial concen tra tion  increased  from 12.5 to 1 0 0 .0  

mg kg ' respectively. Addition of FYM decreased the  cum ulative desorp tion  and  

per cen t desorp tion . W ith 12.5 mg kg"' initial concen tra tion  30.99 per cent 
desorp tion  w as observed w hereas, w ith 100.0 mg kg"' 35 .10 per cen t w as the 
cum ulative desorption.

The incorporation  of four per cen t FYM fu rth er increased  the  adsorp tion  
and per cen t adsorp tion  from 7.53 to 55.23 mg kg ' and  60 .24  to 55.23 a t an 
initial concen tra tion  range of 12.5 to 100 mg kg"' respectively. The cum ulative 

desorp tion  and  per cen t desorp tion  of adsorbed  b u tach lo r also registered 

decreasing trend  w ith the  addition of FTM and  ranged from 2.19 to 18.82 

mg kg ' and  29.03 to 34 .08  respectively for a  concen tra tion  range of 12.5 to 

1 0 0 .0  mg kg '.

The Freundlich  c o n sta n t K, slope 1 /n , de term ination  coefficient r* and 

values for Hiriyur, M andya and  M udigere soils and  also w ith two an d  four 

per cen t FYM are  given in the  Table. 9. The Freundlich c o n sta n t (K) w as highest



Table - 8 Adsorption - Desorption of Butachlor in Mudi^re soil

INITIAL CONCENTRATION (mg kg ')
12.5 25.0 50.0 75.0 100.0

SO IL ALONE

Equilibrium Concentration 1.33 2.63 5.35 8.38 11.22
( mg L * )

Adsorption ( mg kg ' ) 5.83 11.84 23.24 33.12 43.90

%  Adsorption 47.56 47.34 46.47 44.17 43.90
Cumulative Desorption 1.90 3.81 8.29 12.19 16.72

( mg kg ' )

%  Desorption 32.62 34.51 35.68 36.82 38.09

SO IL  WITH 2% (W/W) FYM

Equilibrium Concentration 1.17 2.36 4.82 7.43 10.27
( mg L ' )

Adsorption ( mg kg ‘ ) 6.66 13.21 25.88 37.84 48.66

%  Adsorption 53.25 52.87 51.76 50.45 48.66
Cumulative Desorption 2.06 4.21 8.45 12.94 17.08

( mg kg ' )

%  Desorption 30.99 31.83 32.66 34.19 35.10

SO IL  WITH 4% fW/W) FYM

Equilibrium Concentration 0.99 2.03 4.20 6.53 8.95
( mg L ' )

Adsorption { mg kg ') 7.53 14.84 28.98 42.34 55.23

%  Adsorption 60.24 59.37 57.96 56.45 55.23
Cumulative Desorption 2.19 4.56 9.24 14.09 18.82

( mg kg ' )

%  Desorption 29.03 30.73 31.90 33.27 34.08



o
<0
0>
Q>
P>
■5

O)
E
co
cc
c
0)o
co
o
E
a

3
cr
LJJ

O

o
(0
3
QQ

C
o

0  
0) 
0) 
Q1
c
o

o
U)
■D

CO
.d)
uZ

(6>i/6uj) p a q jo s p v  A jo



Table - 9 Ereundlich constant ( K & 1/n ), Detennination coefficients
( r̂ ) and sorption coefficients for organic carbon ( ) for
Butachlor adsorption by soils and with FYM.

K 1 / n r " K oc

H l r l y u r  S o l i 1 0 . 0 1 8 0 . 7 9 5 5 0 . 9 8 7 6 1 7 5 7

S o i l  w i t h  2 %  ( w / w ) F Y M 1 2 . 0 5 6 0 . 7 7 8 2 0 . 9 9 9 0 1 6 2 3

S o i l  w i t h  4 % ( w / w )  F Y M 1 4 . 6 6 9 0 . 7 5 8 7 0 . 9 9 8 2 1 6 0 2

M a n d y a  S o i l 1 4 . 1 8 1 0 . 9 3 1 8 0 . 9 9 6 9 1 2 8 9

S o i l  w i t h  2 % ( w / w )  F Y M 1 7 . 9 5 1 0 . 8 4 5 3 0 . 9 9 7 0 1 4 2 2

S o i l  w i t h  4 % ( w / w )  F Y M 2 1 . 7 0 7 0 . 8 1 9 0 0 . 9 9 8 0 1 5 2 4

M u d l g e r e  S o i l 4 . 5 9 9 0 . 9 4 0 4 0 . 9 9 8 0 1 5 3 3

S o i l  w i t h  2 % ( w / w )  F Y M 5 . 9 0 3 0 . 9 2 0 5 0 . 9 9 8 5 1 2 3 5

S o i l  w i t h  4 %  ( w / w ) F Y M 7 . 6 9 8 0 . 9 0 7 8 0 . 9 9 9 8 1 1 7 3



in Mandya (14.181) and lowest in Mudigere soil (4.599). Addition of two and four 
per cent FYM increased the K values from 10.018 to 12.056 and 14.669 in 
H iriyur soil, 14.181 to 17.951 and 21.707 in Mandya soil and 4.599 to 5.903 
and 7.698 in Mudigere soil respectively.

The linearity of slopes (1/n) were 0.7955, 0.9318 and 0.9404 in Hiriyur, 
Mandya and Mudigere soils respectively. Addition of two and four per cent FYM 
decreased the slopes in all the soils. The determination coefficients (r )̂ were 
very high ( > 0.9876) in all the soils.

The sorption coefficients for organic carbon (K J  values were 1757, 1289 

and 1533 in H iriyur, Mandya and Mudigere soils respectively. The addition of 

two and four per cent FYM decreased the Revalues to 1623 and 1602 in H iriyur 
soil and 1235 and 1173 in Mudigere soil, while the addition of FYM increased 
the values in Mandya soil to 1422 and 1524 respectively.

4.3 ADSORPTION - DESORPTION OF PENDIMETHALIN

The data on adsorption desorption of pendimethalin in Hiriyur,Mandya, 
and Mudigere soils are given in Tables. 10, 11 and 12 respectively. The 

adsorption - desorption of pendimethalin in Hiriyur, Mandya and Mudigere 

soils are illustrated in Figs. 4, 5 and 6 respectively.

The data presented in the Table. 10. pertain to the adsorption and 
desorption of pendimethalin in H iriyur soil alone and w ith  two and four per cent 
FYM as organic amendment.

The adsorption of pendimethalin increased w ith  increase in in itia l 
concentration and ranged from 75.70 X 10'^ to 292.40 X 10'^ uM kg ' at 
89 X 10'^ and 356 X 10'^ uM kg ' levels respectively. The per cent adsorption 

showed a declining trend as the In itia l concentration Increased and the values 
ranged from 85.21 to 81.47. The cumulative desorption and per cent desorption 
showed an increasing trend w ith  increase in in itia l concentration of



Table - 10 Adsorption - Desorption o f  Pendimethalin in  H ir iy u r  soil

I N I T I A L  C O N C E N T R A T I O N  (1 0  =*uM  k g  ')

8 9 1 7 8 2 6 7 3 5 6

S O I L  A L O N E

E q u i l i b r i u m  C o n c e n t r a t i o n  

( 1 0 * u M L > )  

A d s o r p t i o n  ( l O ^ u M  k g  ')

2 . 6 4

7 5 . 7 0

5 . 4 9

1 5 0 . 4 0

8 . 6 6

2 2 3 . 6 0

1 2 . 6 9

2 9 2 . 4 0

%  A d s o r p t i o n  

C u m u l a t i v e  D e s o r p t i o n  

(1 0  = *uM  k g  ')

8 5 . 2 1

8 . 5 0

8 4 . 5 9

1 7 . 6 0

8 3 . 7 8

2 7 . 1 0

8 1 . 4 7

3 9 . 0 7

%  D e s o r p t i o n 1 1 . 2 3 1 1 . 7 0 1 2 . 1 2 1 3 . 3 6

S O I L  W I T H  2 %  ( w / w )  F Y M

E q u i l i b r i u m  C o n c e n t r a t i o n  

( l O ^ u M L ' )

A d s o r p t i o n  ( l O ^ u M  k g  ' )

2 . 1 4

7 8 . 2 0

4 . 5 5

1 5 5 . 2 0

7 . 9 9

2 2 8 . 0 0

1 1 . 3 2

2 9 9 . 3 0

%  A d s o r p t i o n  

C u m u l a t i v e  D e s o i p t l o n

( 1 0  * u M  k g  ' )

8 7 . 9 6

8 . 1 0

8 7 . 2 1

1 7 . 0 3

8 5 . 4 1

2 7 . 0 7

8 4 . 0 9

3 8 . 5 5

%  D e s o r p t i o n 1 0 . 3 6 1 0 . 9 7 1 1 . 8 7 1 2 . 8 8

S O I L  W I T H  4 %  ( W / W )  F Y M

E q u i l i b r i u m  C o n c e n t r a t i o n  

( 1 0  * u M  L  ' )

A d s o r p t i o n  ( l O  ^ u M  k g  ' )

1 .7 2

8 0 . 3 0

3 . 6 6

1 5 9 . 6 0

6 . 3 5

2 3 5 . 2 0

9 . 6 8

3 0 7 . 5 0

%  A d s o r p t i o n  

C u m u l a t i v e  D e s o r p t i o n

( l O ^ u M  k g  ' )

9 0 . 3 3

6 . 6 6

8 9 . 7 1

1 3 . 9 8

8 8 . 1 0

2 4 . 2 5

8 6 . 4 0

3 7 . 8 8

%  D e s o r p t i o n 8 . 2 9 8 . 7 6 1 0 . 3 1 1 2 . 3 2
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pend im etha lin . The values for cum ula tive  desorption ranged from 
8.50 X  10'^ to 39.07 X  10'^ uMkg'* whereas the per cent desorption ranged from 
11.23 to 13.36 for the in itia l concentration range of 89 X 10‘  ̂ to 356 X 10‘  ̂
uM kg ' soil respectively.

The H iriyur soil w ith two per cent FYM considerably increased the 

adsorption and decreased the desorption. The cumulative desorption and the 
per cent desorption decreased w ith  the addition of FYM. The adsorption of 
pendimethalin increased from 78.20 X 10'^ to 299.30 X 10'^ uMkg*' and the per 
cent adsorption decreased from 87.96 to 84.09 as the in itia l concentration 
increased from 89 X 10'^ to 356 X  10'^ uM kg * soil respectively. The cumulative 
desorption and per cent desorption ranged from 8.10 X 10'^ to 38.55 X 10'  ̂
uM kg ' and 10.36 to 12.88 at 89 X 10-2 355 x  IO-2 uM kg ' soil in itia l

concentration respectively.

Addition of four per cent FYM for H iriyur soil further increased the 
adsorption and ranged from 80.30X 10‘2 to 307.50X  10"2 uM kg ', whereas the 

per cent adsorption showed declining trend from 90.33 to 86.40 at in itia l 
concentration range of 89 X  10'2 to 356 X 10"2 uM kg'* soil respectively. The 
cumulative desorption decreased w ith the addition of four per cent FYM and 
ranged from 6.66 X  10‘2 to 37.88 X 10‘2 uM kg"' soil. Corresponding per cent 
desorption ranged from 8.29 to 12.32 as the in itia l added concentration ranged 

from 89 X IO-2 to 356 X  10'2 uM kg ' soil.

The data on adsorption desorption of pendimethalin in  Mandya soil are 
given in Table. 11.

Adsorption of pend im etha lin  increased from  82.15 X 10"2 to 
316.30 X  10"2 uM kg ' as the in itia l concentration increased from 89 X 10'2 to 
356 X 10'2 uM kg ' whereas the desorption showed the declining trend as in the 

case of H iriyur soil and ranged from 92.41 to 88.89 for the corresponding in itia l 
concentration. The cumulative desorption and the per cent desorption ranged 
from 4.36 X  IO-2 to 26.82 X IO-2 uM kg ' and 5.31 to 8.48.



Table - 11 Adsorption - Desorption o f  Pendimethalin in  M andya soil

I N I T I A L  C O N C E N T R A T I O N  ( l O ^ u M  k g  ‘

8 9 1 7 8 2 6 7 3 5 6

S O I L  A L O N E

E q u i l i b r i u m  C o n c e n t r a t i o n  

( 1 0  * u M  L  ' )

1 .3 5 2 . 8 4 5 . 3 0 7 . 9 1

A d s o r p t i o n  ( l O '^ u M  k g  ' ) 8 2 . 1 5 1 6 3 . 7 5 2 4 0 . 4 3 1 6 . 3 0

%  A d s o r p t i o n 9 2 . 4 1 9 2 . 0 9 9 0 . 0 7 8 8 . 8 9

C u m u l a t i v e  D e s o r p t i o n 4 . 3 6 9 . 4 7 1 8 .6 2 6 . 8 2

( l O ^ u M  k g  ' )

%  D e s o r p t i o n 5 . 3 1 5 . 7 8 7 . 7 3 8 . 4 8

S O I L  W I T H  2 %  ( W / W )  F Y M

E q u i l i b r i u m  C o n c e n t r a t i o n 1 .1 0 2 . 6 1 4 . 9 1 7 . 1 2

( l O ^ u M  L  ' )

A d s o r p t i o n  ( 1 0 ‘^ u M  k g  ' ) 8 3 . 4 0 1 6 4 . 9 0 2 4 2 . 3 5 3 2 0 . 2 5

%  A d s o r p t i o n 9 3 . 7 6 9 2 . 6 7 9 0 . 8 0 8 9 . 9 9

C u m u l a t i v e  D e s o r p t i o n 3 . 5 1 8 . 4 3 1 5 . 9 5 2 4 . 9 7

( 1 0 " u M  k g  ' )

%  D e s o r p t i o n 4 . 2 1 5 . 1 1 6 . 5 8 7 . 8 0

S O I L  W I T H  4 %  f W / W )  F Y M

E q u i l i b r i u m  C o n c e n t r a t i o n 1 .0 3 2 . 3 9 4 . 4 9 6 . 4 8

( 1 0  ' ' u M  L  ' )

A d s o r p t i o n  ( l O ^ u M  k g  ' ) 8 3 . 7 5 1 6 6 . 0 0 2 4 4 . 4 5 3 2 3 . 4 5

%  A d s o r p t i o n 9 4 . 2 1 9 3 . 2 8 9 1 . 5 9 9 0 . 9 0

C u m u l a t i v e  D e s o r p t i o n 3 . 4 3 8 . 2 7 1 5 . 9 7 2 2 . 6 8

( 1 0 " u M  k g  ' )

%  D e s o r p t i o n 4 . 0 9 4 . 9 8 6 . 5 3 7 .0 1
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Incorporation of FTM at the rate of two per cent further increased the 
adsorption from 83.40 X 10‘̂  to 320.25 X 10'^ uM kg ' soil as the in itia l 
pendimethalin concentration increased from 89 X 10'^ to 356 X 10'^ uM kg ', 
whereas the per cent adsorption decreased from 93.76 to 89.99. The cumulative 
desorption increased from 3.51 X 10'^ to 24.97 X 10'^ uM kg ' soil and per cent 
desorption ranged from 4.21 to 7.80 respectively at in itia l concentration of 
89 X 10-2 and 356 X 10'2 uM kg ' soil.

Incorporation of four per cent FYM showed considerable increase in 
sorption when compared to the soil w ithout FYM addition. At the in itia l 
concentration of 89 X 10'2 uM kg ' adsorption and per cent adsorption were 
83.75 X 10"2 uM kg ' and 94.21 and at 356 X 10'2 uM kg ' soil the corresponding 
values were 323.45 X 10"2 uM kg ' and 90.90. The cumulative desorption and 

per cent desorption ranged from 3.43 X 10"2 to 22.68 X 10"2 uM kg ' and
4.09 to 7.01 as the added concentration increased from 89 X 10'2 to 
356 X 10-2 uM kg '.

The results of adsorption, desorption of pendimethalin in Mudigere soil 
and also w ith two and four per cent FTM are presented in Table. 12.

Adsorption of pendimethalin in Mudigere soil was comparatively less 

and desorption was more when compared w ith H iriyur and Mandya soils. The 
adsorption of pendimethalin ranged from 68.45 X 10-2 260.50 X IO-2
uM kg ' at 89 X IO-2 and 356 X IO-2 uM kg ' in itia l pendimethalin concentration. 

The per cent adsorption decreased from 76.99 to 73.21 for the corresponding 
in itia l concentration. The cumulative desorption and the per cent desorption 
increased from 14.32 X  IO-2 to 58.84 X IO-2 uM kg ' soil and 20.92 to 22.59 as 

the in itia l concentration increased from 89 X IO-2 to 356 X IO-2 uM kg ' soil.

W ith the incorporation of two per cent FYM, the adsorption increased 

from 70.00 X IO-2 to 264.70 X IO-2 uM kg ' as the added concentration increased 
from 89 X  IO-2 to 356 X IO-2 uM kg ' soil. The per cent adsorption increased to 
78.74 and 74.39 for the corresponding in itia l concentrations. The cumulative



Table - 12 A dsorption - Desorption o f  Pendimethalin in  M udigere soil

I N I T I A L  C O N C E N T R A T I O N  ( 1 0 " u M  k g  ')

8 9 1 7 8 2 6 7 3 5 6

S O I L  A L O N E

E q u i l i b r i u m  C o n c e n t r a t i o n  

{ l O ^ u M  L  ' )

A d s o r p t i o n  ( l O ^ u M  k g  ' )

4 . 0 9

6 8 . 4 5

8 . 6 5

1 3 4 . 7 0

1 3 . 4 6

1 9 9 . 6 0

1 9 . 0 7

2 6 0 . 5 0

%  A d s o r p t i o n  

C u m u l a t i v e  D e s o r p t i o n

( l O ^ u M  k g  ' )

7 6 . 9 9

1 4 . 3 2

7 5 . 7 0

2 9 . 1 3

7 4 . 7 8

4 3 . 8 6

7 3 . 2 1

5 8 . 8 4

%  D e s o r p t i o n 2 0 . 9 2 2 1 . 6 3 2 1 . 9 7 2 2 . 5 9

S O I L  W I T H  2 %  ( W / W )  F Y M

E q u i l i b r i u m  C o n c e n t r a t i o n  

( 1 0  =*uM  L  ' )

A d s o r p t i o n  ( 1 0 ^  u M  k g  ' )

3 . 7 8

7 0 . 0 0

8 . 0 2

1 3 7 . 8 5

1 2 . 7 6

2 0 3 . 1 0

1 8 . 2 3

2 6 4 . 7 0

%  A d s o r p t i o n  

C u m u l a t i v e  D e s o r p t i o n

( l O ^ u M  k g  ' )

7 8 . 7 4

1 1 . 8 6

7 7 . 4 7

2 5 . 1 8

7 6 . 1 0

3 9 . 0 7

7 4 . 3 9

5 4 . 4 0

%  D e s o r p t i o n 1 6 . 9 4 1 8 . 2 7 1 9 . 2 4 2 0 . 5 5

S O I L  W I T H  4 %  ( W / W )  F Y M

E q u i l i b r i u m  C o n c e n t r a t i o n  

( 1 0  * u M  L  ' )

A d s o r p t i o n  { l O ^ u M  k g  ' )

3 . 1 2

7 3 . 3 0

7 . 6 8

1 3 9 . 5 5

1 2 . 1 5

2 0 6 . 1 5

1 7 . 2 6

2 6 9 . 5 5

%  A d s o r p t i o n  

C u m u l a t i v e  D e s o r p t i o n

( 1 0 " u M  k g  ' )

8 2 . 4 5

1 0 . 2 9

7 8 . 4 2

2 3 . 2 8

7 7 . 2 4

3 5 . 6 2

7 5 . 7 8

5 0 . 1 4

%  D e s o r p t i o n 1 4 . 0 4 1 6 . 6 8 1 7 . 2 8 1 8 . 6 0
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desorption and per cent desorption decreased w ith the addition of FYM and 

ranged from 11.86 X 10'^ to 54.40 X  lO'^ uM kg'* soil and 16.94 to 20.55.

Addition of FYM to the extent of four per cent further increased the 

adsorption and decreased the desorption at each in itia l concentration level of 
pendimethalin. The adsorption and per cent adsorption at 89 X 10'^ uM kg'* soil 
level were 73.30 X 10'^ uM kg'* and 82.45 respectively. The cumulative 
desorption and the per cent desorption in Mudigere soil w ith four per cent FYM 
was found to be higher than in H iriyur and Mandya soils w ith the same level 

of FYM. As the in itia l pendimethalin concentration increased from 89 X lO'^ to 
356 X lO'^uMkg'* the cumulative desorption and per cent desorption increased 
from 10.29 X 10'^ to 50.14 X 10'^ uM kg'* and 14.04 to 18.60 respectively.

The Freundlich constant (K), slope (1/n), coefficient of determination (r )̂ 
and K^, values for pendimethalin in H iriyur, Mandya and Mudigere soils and 
also w ith  two and four per cent FYM are presented in Table. 13.

The Freundlich constant values were higher for Mandya (68.659) than 
for H iriyur (33.297) and Mudigere (20.179) soils. It was found that Freundlich 
constant values increased w ith the addition of two and four per cent FYM in all 
three soils and the values were 43.782 and 54.726 for H iriyur soil, 79.542 and 

83.891 for Mandya soil and 22.951 and 30.359 for Mudigere soil respectively.

The 1/n  values were 0.8689, 0.7539 and 0.8744 for H iriyur, Mandya and 
Mudigere soils respectively and decreased w ith the addition of FYM in all the 

soils. The coefficient of determination (r )̂ values were greater than 0.9902 

indicating the best fit of Freundlich equation.

The sorption coefficients for organic carbon (KJ values were lower for 
H iriyur (5840) than for Mandya (6241) and Mudigere (6726) soils. It was found 
that the addition of two and four per cent FYM increased the values to 5896 
and 5980 in H iriyur soil respectively. In Mandya soil addition of two per cent 
FYM increased the K value to 6303, while four per cent FYM decreased the



Table - 13 R*eundlich constants ( K  &  1/n ). determ ination coefficients ( )
and sorption coefficients fo r organic carbon ( ) fo r

Pendimethalin adsorption by soils and w ith  F Y M

K 1 / n r " K
o c

H l r i y u r  S o i l 3 3 . 2 9 7 0 . 8 6 8 9 0 . 9 9 6 8 5 8 4 0

S o i l  w i t h  2 %  ( w / w ) F Y M 4 3 . 7 8 2 0 . 7 9 9 0 0 . 9 9 5 8 5 8 9 6

S o i l  w i t h  4 %  ( w / w ) F Y M 5 4 . 7 2 6 0 . 7 7 8 4 0 . 9 9 3 0 5 9 8 0

M a n d y a  S o i l 6 8 . 6 5 9 0 . 7 5 3 9 0 . 9 9 0 2 6 2 4 1

S o i l  w i t h  2 % ( w / w )  F Y M 7 9 . 5 4 2 0 . 7 1 2 3 0 . 9 9 7 2 6 3 0 3

S o O  w i t h  4 % ( w / w )  F Y M 8 3 . 8 9 1 0 . 7 2 5 7 0 . 9 9 8 3 5 8 9 1

M u d l g e r e  S o i l 2 0 . 1 7 9 0 . 8 7 4 4 0 . 9 9 9 0 6 7 2 6

S o i l  w i t h  2 % ( w / w )  F Y M 2 2 . 9 5 1 0 . 8 5 0 2 0 . 9 9 8 4 4 8 0 1

S o i l  w i t h  4 % ( w / w )  F Y M 3 0 . 3 5 9 0 . 7 6 3 4 0 . 9 9 8 6 4 6 2 8



value to 5891. In Mudigere soil a conspicuous reduction of K^, values were 
noticed w ith  the addition of FYM and the values were 4801 and 4628 w ith two 
and four per cent respectively.

4.4 PERSISTENCE OF BUTACHLOR IN SOILS

The persistence of butachlor in soils was studied by incubating soils wi th
2.5 mg kg'^ and 5.0 mg kg'* levels under three moisture regimes namely airdry 

(100 MPa), field capacity (0.033 MPa) and submergence (O Mpa). Butachlor 

residues were monitored at 1, 4, 8, 15, 22, 36, 57 and 85 days of incubation at 
30 "C.

The data on persistence of butachlor in  H iriyur, Mandya and Mudigere 
soils are presented in Tables. 14, 15 and 16 respectively. The Fig. 7. illustrates 
the persistence of butachlor (per cent remaining) in soils under different 
moisture regimes when applied at the rate of 5 mg kg ' .

The data on persistence of butachlor in H iriyur soil are given in 
Table. 14. Application of 2.5 mg kg ' of butachlor under airdry condition 

resulted in a residue level of 2.38 mg kg"' on 1 st day, 1.599 mg kg"' on 22nd day 

and 0.559 mg kg ' on 85th day. When the application rate was 5.0 mg kg ' the 
residues were 4.610, 3.001 and 1.714 mg kg"' on 1st, 22nd and 85th day 
respectively.

Under field capacity condition, the degradation of butachlor was faster 
than observed under airdry and submergence at both the levels of application. 

At 2.5 mg kg ' level the butachlor residues were 2.107 and 0.419 on 1st and 

22nd day respectively whereas the residues were not on detectable lim its on 
85th day. When the application rate was 5.0 mg k g ' the persistence of 
butachlor in soils decreased from 4.476 mg kg ' on 1st day to 1.046 mg kg ' on 

22nd day and 0.097 mg kg'' on 85th day. When the moisture level was increased 
to submergence the persistence of butachlor in soil at 2.5 mg kg ' level 
decreased from 2.23 mg kg ' on 1st day to 1.235 mg kg ' on 22nd day and



Table - 14 Persistence o f  Butachlor (m g kg"^) in  H ir iy u r  soil at different
moisture regimes

M o i s t  u r e  

r e g im e  

( M  P a  )

y u a n t l t y  

a d d e d  

( m g  k g ' )

D a y s  a f t e r  i n c u b a t i o n

1 4 8  15 2 2 3 6 5 7 8 5

2 .5 2 . 3 8 0 2 .1 5 3 2 . 0 1 2  l . a 3 0 1 .5 9 9 1 .3 2 9 1 .0 9 5 0 .5 5 9

1 0 0

5 .0 4 .6 1 0 4 .1 3 9 3 .9 1 1  3 .5 9 1 3 .0 0 1 2 . 6 1 8 2 . 1 3 6 1 .7 1 4

2 .5 2 .1 0 7 1 .7 0 6 1 .2 8 7  0 .8 5 4 0 .4 1 9 0 .1 9 2 0 .0 5 7 N D

0 . 0 3 3

5 .0 4 .4 7 6 3 .3 8 8 2 .9 6 1  2 .0 8 2 1 .0 4 6 0 .5 6 8 0 .3 0 7 0 .0 9 7

2 .5 2 . 2 3 0 1 .9 0 6 1 .6 2 1  1 .4 0 3 1 .2 3 5 0 . 9 3 6 0 .5 8 5 0 .4 1 1

0

5 .0 4 .6 2 9 3 .8 8 6 3 . 5 1 0  3 .0 7 4 2 .6 4 8 2 .1 8 5 1 .3 7 4 0 .8 a 3

1 0 0  M l ’a  =  A i r  d r y 0 . 0 3 3 M P a  =  F i e l d  C a p a c i t y  0  M P a  =  S u b m e r g e n c e

ND - Not Detected
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0.411 mg kg ' on 85th day. At an in itia l concentration of 5 mg kg ' the recovery 
of butachlor on 1st, 22nd and 85th day were 4.629, 2.648, and 0.883 
mg kg ' respectively.

The results presented in Table. 15. indicate the persistence of butachlor 

in Mandya soil at different moisture regimes at various intervals of incubation.

It was observed that persistence of butachlor in Mandya soil was less 
when compared to H iriyur soil at all moisture regimes and application rates. 

Under airdry condition w ith 2.5 mg kg ' level of application, the butachlor 
residues observed were 2.283 mg kg ' on 1st day, 1.513 mg kg ' on 22nd day 
and 0.411 mg kg ' on 85th day. With 5.0 mg kg ' application rate persistence 
of butachlor were 4.586, 2.961 and 1.516 mg kg ' on 1st, 22nd and 85th day 
respectively. Incubation of soil under field capacity condition resulted in faster 
degradation when compared to airdry and submergence as seen in H iriyur soil. 

The butachlor residues were 2.122, 0.325 mg kg"' on 1st and 22nd day of 

incubation w ith the application rate of 2.5 mg kg '. At an application rate of 

5.0 mg kg ' the residues registered were 4.386, 0.867 and 0.036 mg kg ' on 1st, 
22nd and 85th day respectively.

Under submergence the degradation of butachlor was faster than airdry 
and slower than at field capacity condition. The residues observed on 1 st, 22nd 

and 85th day were 2.268, 1.102 and 0.219 mg kg ' respectively when the 
application rate was 2.5 mg kg ' and 4.593, 2.406 and 0.568 mg kg ' respectively 
when the application rate was 5.0 mg kg '.

The data in Table. 16. pertain to the persistence of butachlor in Mudigere 
soil at different moisture regimes.

The results indicated that persistence of butachlor was more when 

compared to H iriyur and Mudigere soils. When the application rate was 2.5 

mg kg ' ,  the residues of butachlor observed were 2.459,1.713 and 0.628 
mg kg ' under airdry condition, 2.320, 0.722 and 0.035 mg kg ' under field
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P .

■ îablc - 15 Persistence o f  Ik itach lo r (m g kg"^) in  M andya soil at d ifferent
moisture regimes

M o i s t  l i r e  

r e g im e  

( M  P a  )

y u a n l l l y  

a d d e d  

( t n g  k g  ' )

D a y s  a f t e r  I n c u b a t i o n

1 4 8  15 2 2 3 0 5 7 8 5

2 .5 2 .2 8 3 2 .0 0 4 1 .8 9 0  1 .7 0 0 1 .5 1 3 1 .351 1 .0 3 7 0 .4 1  1

1 0 0

5 .0 4 . 5 8 0i 4 .1 2 3 3 . 7 9 5  3 .4 0 0 2 .9 0 1 2 .0 0 0 2 .0 5 9 1 .5 1 0

2 .5 2 . 1 2 2 1 .5 8 2 1 .021  0 .7 2 8 0 .3 2 5 0 .1 2 5 0 .0 3 5 N D

0 .0 3 0

5 .0 4 .3 8 0 3 .1 7 4 2 .4 9 7  1 .7 3 9 0 .8 0 7 0 .3 7 0 0 .2 1 0 0 .0 3 0

2 .5 2 . 2 0 8 1 .9 7 0 1 .0 9 5  1 .3 3 8 1 .1 0 2 0 .7 9 9 0 .4 9 5 0 .2 1 9

0

5 .0 4 .5 0 3 3 .9 8 4 3 . 4 7 0  2 .9 0 5 2 .4 0 0 1 .9 2 0 1 .1 0 3 0 .5 0 8

1 0 0  M l ’a  =  A i r  d r y  O . O . 'K lM l ’a  =  F ie ld  C a p a e l l y  0  M P a  =  S u b m e r g e n e c

ND - Not Detected
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Table - 16 Persistence o f  B u tac lilo r (m g kg"^) in  M iid ige re  soil at d ilfe ren t
moisture regimes

M o l s l u r e  

r e g im e  

( M  P a  )

Q u a n U l y  

a d d e d  

( m g  k g  ' )

D a y s  a f t e r  I n c u b a l l o n

1 4 8  15 2 2 3 6 5 7 8 5

2 .5 2 .4 5 9 2 .2 0 8 2 . 1 0 8  1 .9 0 G 1 .7 1 3 1 .4 8 6 1 .1 6 0 0 .6 2 8

1 0 0

5 .0 4 .8 1 0 4 .2 7 0 4 .1 1 3  3 .7 2 9 3 .3 2 9 2 . 8 9 0 2 . 3 1 6 1 .8 0 5

2 .5 2 . 3 2 0 1 .9 1 3 1 .5 3 7  1 .2 0 8 0 .7 2 2 0 .3 2 5 0 .1 9 6 0.0.35

0 .0 3 3

5 .0 4 .5 1 9 3 .6 2 1 3 .2 6 9  2 .6 2 6 1 .6 7 7 1 .0 5 2 0 .6 9 5 0 .2 6 0

2 .5 2 .3 9 8 2 .1 1 9 1 .8 3 5  1 .591 1 .3 6 5 1 .0 2 5 0 .7 9 0 0 .5 1 5

0

5 .0 4 .7 9 8 4 . 1 5 8 3 . 6 1 4  3 . 1 8 0 2 .7 8 8 2 . 2 5 7 1 .4 9 9 0 .9 6 9

100 MI’a = Air dry 0.033MPa = Field Capaeify 0 MPa = Subnicrgeruc



capacity and 2.398, 1.365 and 0.515 mgkg'^ on 1st, 22nd and 85th day under 
submergence.

Incubation of soil w ith  5.0 mg kg'* herbicide registered a residue of 4.810 
mg kg'* on 1st day and i t  decreased to 3.329 mg kg'* on 22nd day and to 1.805 
mg kg'* on 85th day under airdry condition. The residues observed under field 
capacity were 4.519, 1.677 and 0.260 mg kg'* and 4.798, 2.788 and 0.969 
mg kg'* under submergence on 1st, 22nd and 85th day respectively.

4.4.1 PERSISTENCE OF BUTACHLOR IN SOILS WITH ORGANIC
AMENDMENTS

Persistence of butachlor in  soil was studied w ith  FYM and paddy straw 

as organic matter amendments at one and two per cent (w/w) levels under field 
capacity and submergence condition. Butachlor application rate was 
5 mg kg'* and the residues were monitored on 1st, 4th, 8th, 15th, 22nd, 36th 
and 57th day of incubation.

The data on persistence of butachlor in  H iriyur, Mandya and Mudigere 

soils w ith organic amendments under two moisture regimes are presented in 

Tables. 17, 18 and 19 respectively. The Figs. 8 and 9 illustrate the persistence 
of butachlor (per cent remaining) in soils w ith organic amendments under field 
capacity and submergence respectively when applied at the rate of 5 mg kg'*.

The data on persistence of butachlor in H iriyur soil w ith  organic 
amendments under field capacity and submergence are presented in Table. 17.

Incubation of soil w ith  FYM at one per cent registered a residue of 4.212 

mg kg'* on 1st day and 0.454 mg kg'* on 36th day, whereas w ith  two per cent 
level, the residues were 4.108 and 0.219 mg kg'* on 1st and 36th day 
respectively under field capacity condition. The soil treated w ith  one per cent 
paddy straw under field capacity, the persistence of butachlor decreased from 

4.181 mg kg'* on 1 st day to 0.104 mg kg'* on 36th day and at two per cent paddy



Table - 17 Persistence of Butachlor (mg kg"̂ ) in Hiriyur soil with organic
amendments under two moisture regimes

M o i s t u r e  

r e g im e  

( M  P a )

O r g a n i c

a m e n d m e n t

D a y s  a f t e r  I n c u b a t i o n

1 4 8 1 5 2 2 3 6 5 7

C O N T R O L 4 . 4 7 6 3 . 3 8 8 2 . 9 6 1 2 . 0 8 2 1 . 0 4 6 0 . 5 6 8 0 . 3 0 7

F Y M l 4 . 2 1 2 3 . 1 7 6 2 . 4 6 0 1 . 7 4 0 0 . 8 9 8 0 . 4 5 4 N D

(1 .7 1 ) (3 .9 7 ) (5 .5 2 ) (7 .0 9 ) (8 .9 2 ) (9 .8 8 )

F Y M 2 4 . 1 0 8 2 . 9 3 6 2 . 2 7 6 1 .5 1 3 0 .6 8 8 0 .2 1 9 N D

(0 .9 7 ) (2 .2 4 ) (2 .9 $ ) (3 .7 9 ) (4 .6 9 ) (5 .2 0 )

0 .0 3 3

P S l 4 .1 8 1 2 .9 0 3 2 . 2 4 5 1 .2 1 5 0 .4 8 4 0 .1 0 4 N D

(0 .5 7 ) (1 .4 7 ) (1 .9 3 ) (2 .6 6 ) (3 .1 7 ) (3 .4 4 )

P S 2 4 .1 1 9 2 .8 3 4 2 . 1 7 2 1 .1 7 6 0 .3 9 5 0 . 0 9 6 N D

(0 .3 1 ) (0 .7 6 ) (0 .9 9 ) (1 .3 4 ) (1 .8 2 ) (1 .7 2 )

C O N T R O L 4 .6 2 9 3 . 8 8 6 3 . 5 1 0 3 .0 7 4 2 .6 4 8 2 . 1 8 5 1 .3 7 4

F Y M l 4 . 5 5 8 3 . 8 0 8 3 . 4 7 0 2 .9 6 3 2 . 3 3 6 1 .9 1 8 0 .9 4 4

(0 .9 6 ) (2 .5 9 ) (3 .3 3 ) (4 .4 3 ) (5 .7 9 ) (6 .7 0 ) (8 .8 2 )

F Y M 2 4 .5 2 3 3 .7 2 9 3 . 2 5 2 2 .8 5 2 2 .1 5 5 1 .5 0 6 0 .7 4 3

0

(0 .5 2 ) (1 .3 8 ) (1 .9 0 ) (2 .3 3 ) (3 .0 9 ) (3 .7 4 ) (4 .6 3 )

P S l 4 . 5 4 8 3 .7 0 9 2 . 8 9 2 2 .5 4 2 1 .7 4 4 1 .1 4 4 0 . 4 9 8

(0 .3 2 ) (0 .9 1 ) (1 .4 8 ) (1 .7 2 ) (2 .2 8 ) (2 .7 1 ) (3 .1 6 )

P S 2 4 .5 3 9 3 .6 8 1 2 . 5 8 2 2 .2 8 3 1 .6 9 9 0 .9 9 1 0 .3 0 4

(0 .1 6 ) (0 .4 6 ) (0 .8 5 ) (0 .9 5 ) (1 .1 6 ) (1 .4 1 ) (1 .6 5 )

0 . 0 3 3  M P a  =  F i e l d  C a p a c i t y , 0  M P a  =  S u b m e r g e n c e

F Y M  - F a r m  Y a r d  M a n u r e  1 - O n e  p e r c e n t

P S  - P a d d y  S t r a w  2  - T w o  p e r c e n t

N D  - N o t  D e t e c t e d

( F i g u r e s  I n  p a r e n t h e s i s  I n d i c a t e  p e r c e n t  d e g r a d a t i o n  p e r  u n i t  c a r b o n  o f  

o r g a n i c  a m e n d m e n t  )



straw the residues were 4.119 and 0.096 mg kg ’ on 1st and 36th day 
respectively. In all the four treatments under field capacity condition, the 

residues were at non detectable lim its on 57th day of incubation.

Under submergence the persistence of butachlor was 4.558, 2.336 and 
0.944 mg kg ’ on 1st, 22nd and 57th day respectively when the soil was treated 
w ith one per cent FYM and 4.523, 2.155 and 0.743 mg kg ’ on 1st, 22nd and 
57th day respectively when the soil was treated w ith two per cent FYM. 
Incubation of soil w ith one and two per cent of paddy straw under submergence 

decreased the persistence when compared to FYM treatments. Soil w ith one per 

cent paddy straw registered a residue of 4.548 mg kg ’ on 1st day, 1.744 

mg kg ’ on 22nd day and 0.498 mg kg ’ on 57th day and w ith two per cent paddy 

straw the residues were 4.539, 1.699 and 0.304 mg kg ’ on 1st, 22nd and 57th 
day respectively. Soil w ithout any amendment registered a residue of 4.476, 
1.046 and 0.307 mg kg ’ under field capacity and 4.629, 2.648 and 1.374 
mg kg ’ under submergence on 1st, 22nd and 57th day respectively.

The data presented in Table. 18. indicate that persistence of butachlor 
in Mandya soil decreased w ith FYM and paddy straw incorporation under both 
field capacity and submergence as compared to unamended soil. Incubation of 

soil w ith  one per cent FYM registered a residue of 4.303 mg kg ’ on 1st day and 

0.222 mg kg ’ on 36th day. The residues w ith two per cent FYM were 4.114 and 

0.103 mg kg ’ on 1st and 36th day respectively under field capacity condition. 
Soils treated w ith  paddy straw further decreased the residues of butachlor at 
both the levels. The persistence of butachlor in soil w ith one per cent paddy 
straw were 4.242 and 0.068 mg kg ’ and at two per cent were 4.208 and 0.025 

mg kg ’ on 1st and 36th day respectively. The residues were non detectable on 
57th day in all the four treatments under field capacity.

Under submergence the degradation of butachlor was increased w ith 
increase in FYM and paddy straw levels. With one per cent FYM, the residues 

were 4.513 mg kg ’ on 1st day, decreased to 2.259 mg kg-1 on 22nd day and 
to 0.656 mg kg ’ on 57th day and w ith two per cent FYM the registered residues



Table - 18 Persistence of Butachlor(mg kg"̂ ) in Mandya soil with organic
amendments tinder two moisture regimes

M o i s t u r e  

r e g im e  

( M  P a )

O r g a n i c  

a m e n d m e n t

D a y s  a f t e r  I n c u b a t i o n

8 15 22 3 6 5 7

0 .0 3 3

C O N T R O L

F Y M l

F Y M 2

PSl

P S 2

4 . 3 8 6 3 .1 7 4 2 .4 9 7 1 .7 3 9 0 .8 6 7 0 . 3 7 0

4 .3 0 3 3 .0 0 4 2 . 2 9 6 1 .3 9 9 0 .6 1 2 0 .2 2 2

(1 .5 2 ) (4 .3 4 ) (5 .8 8 ) (7 .8 3 ) (9 .5 4 ) (1 0 .3 9 )

4 . 1 1 4 2 .8 5 8 1 .8 9 5 1 .0 3 6 0 .5 1 5 0 .1 0 3

(0 .9 6 ) (2 .3 3 ) (3 .3 8 ) (4 .3 1 ) (4 .8 8 ) (5 .3 2 )

4 . 2 4 2 2 .8 9 2 2 . 2 1 9 0 .9 8 5 0 .3 8 0 0 . 0 6 8

(0 .5 3 ) (1 .4 8 ) (1 .9 5 ) (2 .8 2 ) (3 .2 4 ) (3 .4 8 )

4 . 2 0 8 2 .8 0 5 2 .0 1 4 0 .9 2 4 0 .3 3 4 0 . 0 2 5

(0 .2 8 ) (0 .7 7 ) (1 .0 5 ) (1 .4 3 ) (1 .8 4 ) (1 .7 5 )

0.210
ND

ND

ND

ND

C O N T R O L

FYMl

F Y M 2

4 .5 9 3 3 .9 8 4 3 . 4 7 6 2 .9 6 5 2 . 4 0 6 1 .9 2 6 1 .1 6 3

4 .5 1 3 3 .9 1 4 3 .4 6 3 2 .8 1 5 2 .2 5 9 1 .7 7 4 0 . 6 5 6

(1 .0 6 ) (2 .3 6 ) (3 .3 4 ) (4 .7 5 ) (5 .9 6 ) (7 .0 1 ) (9 .4 4 )

4 .4 8 3 3 . 7 5 5 3 . 1 2 5 2 .6 2 4 2 . 0 3 8 1 .3 6 2 0 .5 3 3

(0 .5 6 ) (1 .3 5 ) (2 .0 4 ) (2 .5 8 ) (3 .2 2 ) (3 .9 5 ) (4 .8 6 )

P S l

P S 2

4 . 5 0 8 3 .7 3 5 2 .8 3 9 2 .3 3 7 1 .5 7 3 0 .9 4 3 0 . 3 4 6

(0 .3 5 ) (0 .8 9 ) (1 .5 2 ) (1 .8 7 ) (2 .4 0 ) (2 .8 5 ) (3 .27 )

4 .5 1 2 3 .7 2 5 2 .5 9 5 2 . 1 7 4 1 .2 3 7 0 . 7 1 4 0 .1 4 6

(0 .1 7 ) (0 .4 5 ) (0 .8 4 ) (0 .9 9 ) (1 .3 2 ) (1 .5 0 ) (1 .7 0 )

0 . 0 3 3  M P a  =  F i e l d  C a p a c i t y , 0  M P a  =  S u b m e r g e n c e

F Y M  - F a r m  Y a r d  M a n u r e  1 - O n e  p e r c e n t

P S  - P a d d y  S t r a w  2  - T w o  p e r c e n t

N D  - N o t  D e t e c t e d

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

o r g a n i c  a m e n d m e n t



were 4.483, 2.038 and 0.533 mg kg ’ on 1st, 22nd and 57th day respectively. 

Addition of paddy straw further decreased the residue of butachlor. At one per 

cent paddy straw application, the residues decreased from 4.508 mg kg'’ on 1 st 

day to 1.573 mg kg'’ on 22nd day and to 0.346 mg kg'’ on 57th day. Soil w ith 

two per cent paddy straw noticed a residue of 4.512 mg kg ’ on 1st day, 1.237 
mg kg ’ on 22nd day and 0.146 mg kg ’ on 57th day.

Table. 19. depicts the data on persistence of butachlor in Mudigere soil 
w ith organic amendments under field capacity and submergence.

Soil treated w ith FYM at one per cent noticed a residue of 4.403 

mg kg ' on 1st day and 0.760 mg kg ’ on 36th day and w ith two per cent FYM 

registered a residue o f4.297 and 0.504 mg kg ’ on 1st and 36th day respectively, 

under field capacity. Incubation of soil w ith  paddy straw further decreased the 

residues from 4.329 mg kg ’ on 1st day to 0.314 mg kg ’ on 36th day at one per 
cent level and from 4.300 mg kg ’ on 1st day to 0.190 mg kg ’ on 36th day at 
two per cent level. The residue were below detectable lim its on 57th day.

Under submergence, soil incubated w ith  one per cent FYM registered a 
residue of 4.753,2.651 and 1.246 mg kg ’ on 1st, 22nd and 57th day respectively 

and w ith two per cent FYM residues decreased from 4.734 mg kg ’ on 1st day 

to 2.421 mg k g ’ on 22nd day and to 1.005 mg k g ’ on 57th day. Addition of paddy 
straw further decreased the levels and the residues noticed were 4.741, 2.240 
and 0.799 mg kg ' on 1st, 22nd and 57th day respectively. Soil treated w ith two 
per cent paddy straw under submergence further decreased the persistence of 

butachlor from 4.741 mg kg ’ on 1st day to 2.031 mg kg ’ on 22nd day and to 

0.514 mg kg ’ on 57th day of incubation.

4.4.2 PERSISTENCE OF BUTACHLOR IN STERILE AND NONSTERILE
SOILS

Persistence of butachlor in soils was monitored under sterile and 

nonsterile conditions to determine relative importance of chemical aud microbial 

degradation in the case of butachlor.



Table - 19 Persistence of Butachlor (mg kgr̂ ) in Mudigere soil with
organic amendments under two moisture regimes

M o i s t u r e  

r e g im e  

( M  P a  )

O r g a n i c

a m e n d m e n t

D a y s  a f t e r  I n c u b a t i o n

1 4 8 15 2 2 3 6 5 7

C O N T R O L 4 .5 1 9 3 .6 2 1 3 .2 6 9 2 . 6 2 6 1 .6 7 7 1 .0 5 2 0 .6 9 5

F Y M l 4 .4 0 3 3 .3 1 7 2 .7 5 2 2 .1 9 5 1 .3 2 4 0 .7 6 0 N D

(1 .3 0 ) (3 .66 ) (4 .8 9 ) (6 .1 0 ) (7 .99 ) (9 .2 2 )

F Y M 2 4 . 2 9 7 3 .7 0 4 2 .6 3 4 1 .9 4 8 1 .0 1 6 0 .5 0 4 N D

(0 .7 6 ) (1 .9 5 ) (2 .5 7 ) (3 .6 5 ) (4 .3 3 ) (4 .8 9 )

0 .0 3 3

P S l 4 .3 2 9 3 .2 5 7 2 .5 9 4 1 .6 4 5 0 .7 9 5 0 .3 1 4 N D

*
(0 .4 7 ) (1 .2 3 ) (1 .6 9 ) (2 .3 5 ) (2 .95 ) (3 .2 9 )

P S 2 4 . 3 0 0 3 . 2 1 6 2 .4 1 7 1 .5 1 1 0 .5 8 3 0 .1 9 0 N D

(0 .2 5 ) (0 .6 3 ) (0 .9 0 ) (1 .2 2 ) (1 .5 5 ) (1 .6 9 )

C O N T R O L 4 . 7 9 8 4 . 1 5 8 3 .6 1 4 3 .1 8 0 2 .7 8 8 2 .2 5 7 1 .4 9 9

F Y M l 4 .7 5 3 4 .0 1 3 3 .5 6 4 3 .0 2 9 2 .6 5 1 2 .1 4 9 1 .2 4 6

(0 .5 4 ) (2 .1 5 ) (3 .1 2 ) (4 .2 8 ) (5 .1 1 ) (6 .2 0 ) (8 .1 6 )

F Y M 2 4 .7 3 4 3 .9 3 5 3 .4 4 3 2 .9 5 4 2 .4 2 1 1 .9 8 7 1 .0 0 5

(0 .2 9 ) (1 .1 6 ) (1 .69 ) (2 .2 2 ) (2 .80 ) (3 .2 8 ) (4 .3 4 )

P S l 4 .7 4 1 4 .0 0 0 3 .3 3 4 2 .7 4 0 2 .2 4 0 1 .7 5 2 0 .7 9 9

(0 .1 8 ) (0 .7 0 ) (1 .1 7 ) (1 .5 9 ) (1 .94 ) (2 .2 8 ) (2 .9 5 )

P S 2 4 .7 4 1 3 .9 6 0 3 .2 3 1 2 .5 3 6 2 .0 3 1 1 .3 4 6 0 .5 1 4

(0 .09 ) (0 .36 ) (0 .6 2 ) (0 .8 6 ) (1 .0 4 ) (1 .2 8 ) (1 .5 7 )

0 . 0 3 3  M P a  =  F i e l d  C a p a c i t y , 0  M P a  =  S u b m e r g e n c e

F Y M  - F a r m  Y a r d  M a n u r e  1 - O n e  p e r c e n t

P S  - P a d d y  S t r a w  2  - T w o  p e r c e n t

N D  - N o t  D e t e c t e d

F i g u r e s  In  p a r e n t h e s i s  I n d i c a t e s  p e r c e n t  d e g r a d a t i o n  p e r  u n P :  c a r b o n  o f  

o r g a n i c  a m e n d m e n t
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The data on persistence of butachlor in sterile and nonsterile conditions 
in H iriyur, Mandya and Mudigere soils under field capacity and submergence 
conditions are given in Table. 20. The residues were monitored upto 36 days 
w ith an application rate of 5 mg kg'h

The persistence of butachlor was comparatively more under both field 
capacity and submergence in sterile soils as compared to nonsterile soils. In 
the sterile soils of H iriyur the residue levels of 4.756 mg kg'* on 1st day and 

4.273 mg kg'* on 36th day under field capacity and 4.849 mg kg'* on 1st day 
and 4.315 mg kg'* on 36th day under submergence were noticed. The nonsterile 
soils registered a residue o f4.495 mg kg'* on 1st day and 1.005 mg kg'* on 36th 
day under field capacity and 4.673mgkg'* on 1st day and 2.206 mg kg'* on 36th 

day under submergence.

In Mandya soil, the residues recovered were 4.731 mg kg'* on 1st day, 
4.196 mg kg'* on 36th day for sterile soils under field capacity whereas 4.804 
mg kg'* on 1st day and 4.275 mg kg'* on 36th day under submergence. 

Incubation of Mandya soil under nonsterile conditions showed residue of 4.401 
and 0.406 mg kg'* on 1st and 36th day respectively under field capacity and 
4.610 and 1.968 mg kg * on 1st and 36th day respectively under submergence.

Mudigere soil registered slow degradation when compared to H iriyur and 
Mandya soils under both field capacity and submergence. The soil under field 
capacity registered a residue of 4.819 and 4.311 mg kg'* on 1st and 36th day 
respectively when incubated under sterile condition and 4.509 and 1.098 mg 

kg'* on 1st and 36th day respectively for nonsterile condition. Under submergence 

the butachlor persistence were 4.849 mg kg'* on 1st day and 4.424 mg kg ' on 
36th day for sterile soils and 4.765 mg kg'* on 1 st day and 2.288 mg kg * on 36th 
day for nonsterile soils.

4.4.3 DEGRADATION KINETICS OF BUTACHLOR IN SOILS

The data on the persistence and degradation of butachlor were fitted to 

first order equation in order to interpret the rate of degradation.



Table - 20 Persistence of Butachlor (mg kg"̂ ) in sterile and nonsterile
soils under two moisture regimes

M o i s t u r e

R e g i m e

( M P a )

T r e a t m e n t

D a y s  a f t e r  I n c u b a t i o n

1 8 1 5 2 2 3 6

S t e r i l e 4 . 7 5 6 4 . 5 8 9

H l r l y u r

4 . 4 6 9 4 . 3 4 9 4 . 2 7 3

0 . 0 3 3

N o n s t e r i l e 4 . 4 9 5 3 . 0 0 1 1 . 4 7 5 1 . 2 8 9 1 . 0 0 5

S t e r i l e 4 . 8 4 9 4 . 6 1 3 4 . 5 7 8 4 . 4 4 3 4 . 3 1 5

0

N o n s t e r i l e 4 . 6 7 3 3 . 5 9 5 3 . 1 2 7 2 . 6 9 6 2 . 2 0 6

S t e r i l e 4 . 7 3 1 4 . 5 4 6

M a n d y a

4 . 4 1 8 4 . 3 0 1 4 . 1 9 6

0 . 0 3 3

N o n s t e r i l e 4 . 4 0 1 2 . 5 3 7 1 . 7 8 6 0 . 8 8 7 0 . 4 0 6

S t e r i l e 4 . 8 0 4 4 . 6 3 8 4 . 5 4 6 4 . 3 9 8 4 . 2 7 5

0

N o n s t e r i l e 4 . 6 1 0 3 . 5 0 6 2 . 9 9 1 2 . 4 9 5 1 . 9 6 8

S t e r i l e 4 . 8 1 9 4 . 6 4 0

M u d l g e r e

4 . 5 1 5 4 . 4 0 8 4 . 3 1 1

0 . 0 3 3

N o n s t e r i l e 4 . 5 0 9 3 . 0 0 6 1 . 6 2 4 1 . 3 8 9 1 . 0 9 8

S t e r i l e 4 . 8 4 9 4 . 7 1 0 4 . 6 0 4 4 . 5 1 5 4 . 4 2 4

0

N o n s t e r i l e 4 . 7 6 5 3 . 6 4 9 3 . 2 3 0 2 . 8 0 6 2 . 2 8 8

0.033 MPa = Field Capacity 0 MPa = Submergence
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68

Tlie data pertaining to first order exponential rate constants (Kj,, )̂, lia lf 

lives (tj^) and determination coefficients (r )̂ for butachlor degradation in 
1 liriyur, Mandya and Mudigei e soils at different moisture regimes are presented 
in Table. 21. The determination ^Coefficient (r )̂ values greater than 0.9561 
indicated tha t the persistence data fitted to firs t order exponential equation.

Tlie firs t order rate constants (K were higher at 2.5 mg kg"' application 

in all the soils irrespective of moisture regimes. The rate constant values were 

higher at field capacity in all the soils when compared to airdry and submergence. *

Higher rate constants for Mandya soils reveal faster degradation of 

butachlor as compared to other two soils. The degradation rate constants in 
H iriyur soils were 0.0121,0.0461 and 0.0196 da5r* under airdry, field capacity 

and submergence w ith an application rate of 5 mg kg'* respectively. In Mandya 
soil the Kdeg values were 0.0132, 0.0561 and 0.0243 day”' under airdry, field 

capacity and submergence at 5 mg kg'’ application respectively.

'file  ha lf lives (t,^) of butachlor in H iriyur soil were 42.98 and 57.11 days 
under airdry, 10.31 and 15.05 days under field capacity and 33.63 and 35.44 
days under submergence at 2.5 and 5.0 mg kg'’ of application respectively. The 

time required for 50 per cent dissipation of butachlor in Mandya soil were low 
as compared to H iriyur and Mudigere soils and the values were 37.40, 9.25 and 
25.36 days respectively under airdry, field capacity and submergence at 2.5 
mg kg ' of application and 52.40, 12.35 and 28.48 days respectively under 
airdry, field capacity and submergence at 5.0 mg k g ’ of application. In 

Mudigere soil the butachlor ha lf life values were 45.99 and 59.57 days under 
airdr}', 14.27 and 20.58 days under field capacity and 38.02 and 39.20 days 
under submergence at 2.5 and 5.0 mg kg'’ of applications respectively.

In general, butachlor was found to follow two different phases of degradation 
under field capacity in all the three soils (Fig. 7), The first phase of degradation 
covers ii])l o 22 days of incnliai ion .and the second phase from 22 day onwards.



Table - 21 H rs t o rder rate constants ( K  ) H a lf  lives ( t  ) 
and Determ ination coeflScients ( r ^ )  fo r  Butachlor 
degradation in  soils at d ifferent m oisture regimes.

M o i s t u r e

r e g im e

Q t y .  a d d e d

( mg kg ') ( d a y ' )
1/2

{ d a y s  )

A i r  d r y  

( 1 0 0  M P a )

F i e l d  

C a p a c i t y  

( 0 . 0 3 3  M P a )

S u b m e r g e n c e

( O M P a )

2 . 5

5 . 0

2 . 5

I  p h a s e *  

I I  p h a s e * *

5 . 0

I  p h a s e

I I  p h a s e

2 . 5

5 . 0

0 . 0 1 6 1

0.0121

0 . 0 6 7 2

0 . 0 7 6 2

0 . 0 5 7 1

0 . 0 4 6 1

0 . 0 6 5 8

0 . 0 3 6 9

0 . 0 2 0 6

0 . 0 1 9 6

H l r l y u r

0 . 9 8 1 0

0 . 9 5 2 5

0 . 9 9 1 7

0 . 9 8 9 6

0 . 9 9 9 9

0 . 9 7 8 6

0 . 9 7 8 5

0 . 9 7 6 5

0 . 9 6 9 8

0 . 9 8 3 5

4 2 . 9 8

5 7 . 1 1

1 0 .3 1

9 . 8 9

1 2 . 1 5

1 5 . 0 5

1 0 . 5 4

1 8 . 7 6

3 3 . 6 3

3 5 . 4 4

A i r  d r y  

( l O O M P a )

F ie l d

C a p a c i t y

( 0 . 0 3 3 M P a )

S u b m e r g e n c e

( O M P a )

2 . 5

5 . 0

2 . 5

I  p h a s e

I I  p h a s e

5 . 0

I  p h a s e

I I  p h a s e

2 . 5

5 . 0

0 . 0 1 8 5

0 . 0 1 3 2

0 . 0 7 4 9

0 . 0 8 7 4

0 . 0 6 3 4

0 . 0 5 6 1

0 . 0 7 4 5

0 . 0 4 8 5

0 . 0 2 7 3

0 . 0 2 4 3

M a n d y a

0 . 9 5 6 1

0 . 9 6 7 4

0 . 9 9 0 5

0 . 9 8 4 0

0 . 9 9 8 9

0 . 9 8 3 7

0 . 9 8 4 9

0 . 9 7 7 1

0 . 9 9 1 6

0 . 9 9 2 4

3 7 . 4 0

5 2 . 4 0

9 . 2 5

7 . 9 3

1 0 . 9 3

1 2 . 3 5  

9 . 3 0

1 4 . 2 9

2 5 . 3 6  

2 8 . 4 8

A i r  d r y  

( l O O M P a )

F i e l d

C a p a c i t y

( 0 . 0 3 3 M P a )

S u b m e r g e n c e

( O M P a )

2 . 5

5 . 0

2 . 5

I  p h a s e

I I  p h a s e

5 . 0

I  p h a s e

I I  p h a s e

2 . 5

5 . 0

0 . 0 1 5 1

0 . 0 1 1 6

0 . 0 4 8 6

0 . 0 5 3 4

0 . 0 4 6 1

0 . 0 3 3 7

0 . 0 4 5 6

0 . 0 2 8 8

0 . 0 1 8 2

0 . 0 1 7 7

M u d l g e r e

0 . 9 8 3 7

0 . 9 7 5 9

0 . 9 8 9 9

0 . 9 8 6 9

0 . 9 7 2 8

0 . 9 8 4 5

0 . 9 7 3 8

0 . 9 8 8 0

0 . 9 7 5 0

0 . 9 7 1 2

4 5 . 9 9

5 9 . 5 7

1 4 . 2 7

1 2 . 9 7

1 5 . 0 4

2 0 . 5 8

1 5 . 2 0  

2 4 . 0 8

3 8 . 0 2

3 9 . 2 0

*  I P h a s e  - 0  t o  2 2  d a y s * *  I l P h a s e  - 2 2  d a y  o n w a r d s



The first p h ase  degradation  ra te  c o n sta n t (Kdeg) in Hiriyur soil were 0.0762 and 

0 .0658 d a y ' a t  2 .5  an d  5 .0  mg kg"' application  ra te  respectively an d  th e  second 

p h ase  d egradation  ra te  co n stan ts  w ere 0.0571 and  0 .0369 d a y ' respectively a t

2.5 an d  5 .0  mg kg"' application  ra te .

In M andya soil u n d e r field capacity  condition th e  degradation  ra te  
co n stan ts  w ere 0 .0874  and  0 .0634 d a y ' a t 2.5 mg kg"' application  and  0.0745 
and  0 .0485 day ' a t 5 .0  mg kg"' application  for the  first an d  second p h ases  
respectively. The low est degradation  ra te  co n stan ts  w ere noticed for M udigere 
soil a t  bo th  the  levels of application  w hen com pared to H iriyur and  M andya 

soils. The Kdeg values were 0 .0534 an d  0.0461 d a y ' a t  2.5 mg kg ' app lication  

and  0 .0456  and  0 .0288 day"' a t 5 .0  mg kg"' application for the  first and  second 

phase  respectively.

The h a lf lives for the  first p h ase  in all the  soils w ere the  lowest when 

com pared to the  second p h ase  u n d e r field capacity  condition. The t ,̂ 2 values 

were 9 .89 an d  10.54 days for the  first p h ase  an d  12.15 and  18.76 days for the 

second p h ase  a t  2 .5  an d  5 .0  mg kg"' ra te  of application  respectively in Hiriyur 

soil. In M andya soil th e  h a lf lives of b u tach lo r u n d e r field capacity  m oisture 

regime were 7 .93  an d  10.93 days a t  2.5 mg kg"' and  9 .30 and  14.29 days a t
5 .0 mg kg ' for the  first and  second p h ase s  respectively. M udigere soils showed 

longer h a lf lives for bo th  first and  second p h ases  w hen com pared to H iriyur and 
M andya soils a t  bo th  the  application  ra te s  and  the  values were 12.97 and

15.04 days a t  2 .5  m g kg"' ap p lica tion  an d  15.20 an d  24 .08  days a t
5 .0 mg kg ' application  for the  first an d  second p h ases  respectively.

4 .4 .4  DEGRADATION KINETICS OF BUTACHLOR IN SOILS WITH ORGANIC 
AMENDMENTS

The d a ta  on the  degradation  ra te  co n stan ts , h a lf lives an d  determ ination  

coefficients of b u tach lo r in soils w ith organic am endm ents u n d e r field capacity  
and  subm ergence a t  5 mg kg"' application  are p resen ted  in  T able.22. The 

determ ination  coefficient (r^ were found to be g rea ter th a n  0 .9799 in all the 

soils ind icated  b e tte r  fit wi*’ '  s t o rder exponential ra te  equation .



Table - 2 2  R r s t  o rd e r  ra te  co n stan ts  ( ), H a lf  lives (tj^ ) a n d
D e te rm in a tio n  coefficients ( r^ )  fo r  B u tach lo r d e g rad a tio n  

in  soils w ith  d iffe ren t o rgan ic  am en d m en ts

Moisture
regime

Amendment
( day-' )

r'*
( days)

Field FYMl 0.0658
Hlrlyur
0.9875 10.54

Capacity FYM2 0.0842 0.9937 8.23
(0.033 MPa) PSl 0.1053 0.9952 6.58

PS2 0.1087 0.9936 6.38
Submergence FYMl 0.0271 0.9825 25.59

(OMPa) FYM2 0.0315 0.9896 22.00
PSl 0.0389 0.9902 17.80
PS2 0.0463 0.9874 14.97

Field FYMl 0.0859
Mandya
0.9943 8.06

Capacity FYM2 0.1044 0.9973 6.64
(0.033MPa) PSl 0.1180 0.9967 5.87

PS2 0.1417 0.9833 4.89
Submergence FYMl 0.0328 0.9799 21.14

(OMPa) FYM2 0.0369 0.9912 18.78
PSl 0.0453 0.9947 15.30
PS2 0.0592 0.9899 11.70

Field FYMl 0.0509
Mudlgere
0.9835 13.61

Capacity FYM2 0.0625 0.9884 11.09
(0.033 MPa) PSl 0.0763 0.9953 9.09

PS2 0.0905 0.9932 7.66
Submergence FYMl 0.0229 0.9806 30.29

(OMPa) FYM2 0.0263 0.9810 26.37
PSl 0.0304 0.9845 22.84
PS2 0.0382 0.9928 18.15

FYM - Farm Yard Manure 
PS - Paddy straw

1 - One Percent
2 - Two Percent



The degradation  ra te  co n stan ts  (K ^) increased  w ith  increasing  level of 
FYM an d  paddy s traw  u n d er bo th  field capacity  and  subm ergence in all the 

soils. Paddy s traw  application  recorded h igher degradation  ra te  com pared to 

FYM in all the  soils u n d e r bo th  field capacity  and  subm ergence. The values 

were 0 .0658  an d  0 .0842 day"* a t  one and  two per cen t FYM application  and  

0.1053 an d  0 .1087 d a y ’ a t one and  two per cen t paddy s traw  application  for 

H iriyur soil u n d e r field capacity  condition. The degradation  ra te  co n stan ts  

under subm ergence for H iriyur soils were 0.0271 an d  0.0315 d a y ' w ith FYM 

a t one and  two per cen t levels an d  0 .0389 an d  0.0463 d a y ' w ith  paddy s traw  
a t one and  two per cen t levels respectively.

M andya soil show ed the  h ighest degradation  ra te  c o n sta n ts  a t bo th  field 

capacity  an d  subm ergence w hen com pared to H iriyur an d  M udigere soils. The 

Kdeg values were 0 .0859 and  0.1044 d a y ' w ith FYM a t  one an d  two per cent 

levels an d  0 .1180 and  0 .1417 d a y ' w ith paddy s traw  a t one and  two per cent 

levels u n d e r field capacity  an d  0 .0378 an d  0 .0369 d a y ' w ith  FYM a t one and  

two per cen t levels an d  0 .0453 an d  0.0592 d a y ' w ith  paddy s traw  a t one and 

two per cen t levels u n d e r subm ergence respectively.

The degradation  ra te  c o n stan ts  w ere the low est in M udigere soil w hen 

com pared to H iriyur an d  M andya soils. The values were 0 .0509 an d  0.0625

d a y ' u n d e r field capacity  and  0.0229 and  0.0263 d a y ' un d er subm ergence for 
soil w ith  FYM. The ra te  co n stan ts  were 0.0763 an d  0.0905 d a y ' u n d er field 
capacity and  0 .0304  an d  0.0382 d a y ' u n d er subm ergence for the  soil with 
paddy straw  a t one and  two per cen t respectively.

The tim e requ ired  for 50 per cen t degradation  of b u tach lo r in soil w ith 

increasing  levels of FYM w ere 10.54 and  8.23 days an d  soil w ith paddy straw  
were 6 .58  and  6 .38 days u n d er field capacity  for H iriyur soil. The half lives 
under subm ergence for H iriyur soil w ere 25.59 and  22.00 days for the  soils w ith 

FYM and  17.80 an d  14.97 days for th e  soils w ith  paddy s traw  a t one and  two 

per cen t levels.



The h a lf life values were lowest in M andya soil w hen com pared to H iriyur 

and  Mudigere soils and  the  values were 8 .06 and  6 .64 days for soils w ith FYM 
and  5 .87  an d  4 .89  days for soils w ith one an d  two per cen t paddy s traw  under 

field capacity  and  21 .14  and  18.78 days for soils w ith FYM an d  15.30 and  11.70 

days for the  soils w ith  paddy s traw  a t one and  two per cen t respectively under 
subm ergence.

The persistence  of bu tach lo r in Mudigere soil noticed the  longest ha lf 
lives u n d e r bo th  field capacity  an d  subm ergence w hen com pared to H iriyur and  

M andya soils. The h a lf lives were 13.61 an d  11.09 days for soils w ith FYM and

9.09 and  7 .66  days for the  soils w ith paddy straw  a t one and  two per cen t levels 

under field capacity  w hereas, 30.29 and  26.37 days for soils w ith  FYM and 

22.84 and  18.15 days for soils w ith paddy straw  a t one and  two per cen t levels 

respectively u n d e r subm ergence.

In general, the  h a lf lives for all the  soils u n d e r b o th  m oistu re  regim es 
were lower in the  soils w ith  paddy s traw  w hen com pared to th e  soils w ith FYM 

a t one and  two per cen t application levels. The d u ra tion  of the  experim ent w as 

only up to  36 days and  the  degradation  of bu tach lo r un d er bo th  m oisture 

regim es a ssu m ed  to follow only a  single phase.

4.5  PERSISTENCE OF C PENDIMETHALIN IN SOILS

The persistence  of ''‘C pendim ethalin  w as s tud ied  u n d e r th ree  different 
m oisture  conditions nam ely airdry  field capacity  and  subm ergence a t two 
levels. The pend im ethalin  persistence  w as m onitored a t 1 ,8 , 15, 22, 36, 57 and  

85 days after application. The d a ta  on persistence  of pend im ethalin  in Hiriyur, 
M andya an d  M udigere soils are  p resen ted  inT ables. 23, 24 an d  25 respectively. 
The Fig. 11. illu s tra te s  the  persistence  of pendim ethalin  (per cen t rem aining) 

in soils u n d e r different m oistu re  regim es w hen applied a t  5 mg kg ‘.

The d a ta  on persistence  of Pendim ethalin  in H iriyur soil are  presen ted  

in Table. 23. In airdry  soil w ith 0 .5 mg kg ' application ra te , 0 .460 mg kg ' of



Tabic - 23  Persistence o f  P cndim etlialin  (m g  kg"^) in  H ir iy u r  soil lu id c r
dilTcrent m o is tu re  regim es
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Moisture 
regime 
( M Pa )

yuan Illy 
added 

( i"g kg ' )

Uay.s after IneubaUon

1 8 15 22 36 57 85

0.5 0.4G0 0.374 0.347 0.307 0.276 0.237 0.180
100

5.0 4.010 3.887 .3.763 3.645 3.398 2.981 2.073

0.5 0.438 0.355 0.292 0.226 0.191 0.145 0.095
0.033

5.0 4.455 3.695 3.233 2.795 2.604 2.178 1.207

0.5 0.429 0.257 0.117 0.044 0.028 ND ND
0

5.0 4.394 2.017 1.128 0.502 0.223 0.126 0.075

100 Ml’a = Air dry, O.OOOMPa = Field Capacity 0 MPa = Submc’rjJc’iuc

NU - Nul Del eel cd



pendim ethalin  persisted  on 1st day, 0 .307 mg kg'* on 22nd  day and  0.180 
mg kg ' on 85 th  day. W ith the  application  ra te  of 5 mg kg ' soil, the 

pendim ethalin  p ersisted  a s  1st day w as 4.64 mg kg ' , w hich deceased  to 3.645 

mg kg ' on 22nd day and  2 .073 mg kg"' on 8 5 th  day. U nder field capacity 

m oistu re  regime, the  persistence  of pend im ethalin  decreased, show ing a  faster 
degradation  of the  herbicide. The application  ra te  w ith  0.5 mg kg"', resu lted  a 
residue of 0 .438 mg kg"' on the  1st day w hich decreased w ith  incubation  and 
it w as 0 .226 mg kg ' on 22nd day and  0 .095 mg kg"' on 85 th  day. Increase in 

the application  ra te  increased  the  persistence  of pendim ethalin . At 5 mg kg ' 

of app lication , th e  residue  left beh ind  on 1st day w as 4 .455 mg kg"', w hile on 

22nd and  8 5 th  day, residue levels of 2 .795 an d  1.207 mg kg’' were noticed 

respectively. Subm ergence resu lted  in fas ter degradation  w hen com pared to 

higher m oistu re  tensions a t  bo th  the  ra te s  of application. W ith 0 .5  mg kg ' 

trea tm en t, th e  residue  recovered w as 0 .429 mg kg '' on 1st day an d  0.044 

mg k g ' on 22nd  day. But, w hen the  application  ra te  w as 5 mg k g ',  the 
persistence  of pend im ethalin  on the  1st day w as 4 .394 and  it decreased  to 0.502 

mg kg ' on 22nd  day and  0 .075 mg kg'' on 85 th  day.

The d a ta  on persistence  of pend im ethalin  in M andya soil u n d er three 
different m oistu re  regim es v i z .  airdry, field capacity  and  subm ergence a t two 

application ra te s  of 0.5 an d  5 mg kg ' are  p resen ted  in Table. 24.

The soil incubated  u n d er the  m oisture  regime of aird ry  w ith 0.5 

mg kg ' tre a tm en t reg istered  a  residue of 0 .460  mg kg '' on th e  1st day, 0.286 

mg kg ' on 22nd  day and  0 .159 mg kg ' on 85 th  day. W hen the  application  ra te  
w as 5 mg kg ' the  residue left over w as 4.661 mg kg ' on 1st day, 3.199 

mg kg '' on 22nd  day and  1.705 mg kg '' on 8 5 th  day. The persistence  of 

pend im ethalin  u n d e r field capacity  vidth 0 .5 mg kg '' trea tm en t w as found to be 
less w hen com pared to airdry  m oistu re  regime. The residue decreased  from 

0.445 mg kg ' on the  1st day to 0 .072 mg kg'' on 8 5 th  day. W hen the  application  

ra te  w as 5 mg kg '’, the  pendimethalin remained on 1st day w as 4.609 

mg kg ' and  it decreased  to 3 .057 mg kg ' on 22nd day and  1.064 mg kg ' on 85th  
day. The pendim ethalin  persistence  in soil m ain ta ined  u n d e r subm ergence



Table - 24 Persistence of Pendinietlialin (mg kg'̂ ) in Mandya soil under
different moisture regimes
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Moisture
regime

Quantity
added

Days after Incubation

( M I’a ) ( mg kg ' ) ) 8 15 22 36 57 85

0.5 0.460 0.363 0.332 0.286 0.258 0.205 0.159
100

5.0 4.661 3.789 3.495 3.199 2.877 2.712 1.705

0.5 0.445 0.343 0.264 0.209 0.171 0.125 0.072
0.033

5.0 4.60t) 3.583 3.326 3.057 2.721 2.166 1.064

0.5 0.431 0.174 0.095 0.034 0.014 ND ND
0

5.0 4.433 1.972 1.113 0.3&3 0.224 0.109 0.057

100 MI’a = Air diy, 0.033MPa = Field Capacity 0 MPa = Submergence

NU - Nol Uciceted



showed a  su b s ta n tia l reduction  w hen com pared to th e  soil m ain ta ined  under 
field capacity  an d  airdry  conditions. W hen the  soil w as trea ted  w ith 0.5 

mg kg'* th e  residue recovered w as 0.431 mg kg ’̂  on the  1st day and  0.014 

mg kg'* on 3 6 th  day. R esidue levels of 4 .433 mg kg'* on 1st day, 0.363 

mg kg'* on 22nd day and  0 .057 m g kg'* on 85 th  day were obtained  for the soils 

trea ted  w ith 5 mg kg'* pendim ethalin  u n d er subm ergence.

The d a ta  on persistence  of pend im ethalin  in  M udigere soil u n d e r th ree 
m oistu re  regim es are  p resen ted  in Table 25.

The soil w ith 0 .5  m g kg'* trea tm en t recorded a  persistence  of 0.481 

mg kg'* on the  1st day 0.331 mg kg'* on 22nd day and  0.241 m g kg'* on 85 th 

day u n d e r a ird ry  condition. At 5 .0  mg kg'* of application, the  persistence  values 

of pend im ethalin  w ere 4.936, 3 .909 and  2 .425 mg kg'* on first, 22nd  and  85th  
day respectively. The soils m aintained under field capacity, recorded a  persistence 

of 0 .474 m g kg'* on the  1st day 0 .286 mg kg'* on 22nd day and  0.128 

mg kg'* on 8 5 th  day a t  0 .5  mg kg'* of pendim ethalin . At th e  application  ra te  of 

5 mg kg'*, the  residues of pendim ethalin  obtained were 4.831, 3 .376 an d  1.521 
mg kg'* on 1 s t  22nd an d  85 th  day respectively.

Incubation  of soil u n d e r subm ergence a t 0 .5  mg kg'* showed su b stan tia l 

decrease in the  p ersistence  of pend im ethalin  w hen com pared to airdry  and  field 

capacity  m o is tu re  regim es. The recovery of p en d im eth a lin  w ere 0 .470 

mg kg'* on 1 s t  day, an d  0 .012 mg kg'* on 57 th  day a t 0 .5  mg kg* of application, 

w hereas, 4 .812 mg kg'* on 1st day an d  0 .144 mg kg'* on 85 th  day a t 5.0 

mg kg'* of pend im ethalin  application.

4.5.1 PERSISTENCE OF PENDIMETHALIN IN SOILS WITH ORGANIC
AMENDMENTS

P ersistence of pend im ethalin  in Hiriyur, M andya and  M udigere soils 

trea ted  w ith  FTM and  paddy straw  as  organic am endm en ts  applied a t one and 

two per cen t levels w ere s tud ied  u n d er field capacity  and  subm ergence.
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Tabic - 25 Persistence of Pendiinctlialin (mg kg'̂ ) in Miidigcrc soil under
dillcrcnt moisture regimes

Molslure
regime

yuan Illy 
added

Days aficr Incuballon

( M Pa ) (mg kg') 1 8 15 22 80 57 85

0.5 0.181 0.4 11 0.878 0.381 0.807 0.204 0.241
100

5.0 4.980 4.217 4.00-1 8.909 3.718 8.505 2.425

0.5 0.474 0.850 0.820 0.280 0.254 0.199 0.128
O.O.'i;?

5.0 4.881 8.084 8.482 8.870 8.009 2.481
»

1.521

0.5 0.470 0.825 0.199 0.073 0.045 0.012 Nl)
0

5.0 4.812 8.295 2.241 0.705 0.474 0.289 0.144

100 Ml’a = Air dry, O.OaOMI’a = Field Capaelly 0 MPa = Snbrnerf’enee
Nl) - No! Dcleeied
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The d a ta  on persistence  of pend im ethalin  in  H iriyur soil trea ted  w ith 
FYM an d  paddy  s traw  u n d er field capacity  and  subm ergence a re  given in 
Table. 26.

The pers isten ce  of pend im ethalin  u n d e r field capacity  w as m ore w hen 

com pared to th a t  u n d e r subm ergence. Addition of FYM an d  paddy straw  

enhanced  the  degradation  in bo th  the  m oistu re  regim es the  pendim ethalin  

recovered u n d e r field capacity  m oistu re  regim e w as 4 .484 mg kg'^ on 1st day 

and  1.229 mg kg'* on 36 th  day for the  soil trea ted  w ith  one per cen t FYM w hereas 
4 .434 mg kg'* on 1st day an d  1.045 mg kg'* on 36 th  day for th e  soil trea ted  w ith 

two per cen t FYM. Addition of paddy straw  reduced  the  persistence  of 

pend im ethalin  to a  g rea ter ex ten t w hen  com pared to FYM. The pendim ethalin  

residues recovered on 1st day and  36 th  day w ere 4 .466 and  0 .896  mg kg ' for 

the  soils trea ted  w ith  one per cen t paddy straw  and  4 .435 an d  0 .705 mg kg ' 
for the  soils trea ted  w ith two per cen t paddy s traw  respectively.

W hen th e  incubation  system  w as m ain ta ined  u n d er subm ergence, the 

persistence  of pend im ethalin  w as 4 .394 and  0 .434 mg kg'* on the  1st and  22nd 
day respectively for the  soils trea ted  w ith  one per cen t FYM and  4 .398 and  0 .354 

mg kg'* for th e  soils trea ted  w ith  two per cen t FYM. W ith the  add ition  of one per 

cent paddy straw , the  persistence  w as reduced  from 4.30 mg kg'* on the  1 s t  day 

to 0 .226 mg kg'* on 2 2 nd day w hereas, for those a t  two per cen t paddy straw  

the residues decreased  from 4 .397 mg kg'* on the  1st day to  0 .203  mg kg * on 
22nd day. On 3 6 th  day residues were a t non detectable level.

Soil w ithou t any  am endm ent registered a  residue of 4 .455 an d  2.604 

mg kg'* u n d e r field capacity  an d  4 .394 an d  0 .223 m g kg'* u n d e r subm ergence 

on 1st and  3 6 th  day respectively.

The d a ta  on persistence  of pend im ethalin  in M andya soil trea ted  w ith 

FYM and paddy straw under field capacity and submergence are presented in 

Table. 27.
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Tabic - 26 Persistence of Pcndimethalin (mg kg'Vn liiriyur soil witli
organic amendments under two moisture regimes

Moisture
rr’glmi'
{ M Pa )

Organic
amendment

Day,s after Incubation

1 4 8 15 22 36
CONTROL 4.455 - 3.695 3.233 2.795 2.604
I'Y'M 1 4.484 4.239 3.544 2.356 1.854 1.229

U.12) (1.65) (3.18) (5.74) (6.83) (8.19)
l'TM2 4.434 4.020 3.428 2.052 1.609 1.045

(0.61) (1.06) (1.70) (3.20) (3.69) (4.29)
0.03;i

PSl 4.466 4.002 3.341 1.909 1.480 0.896
(0.39) (0.70) (1.16) (2.17) (2.47) (2.88)

PS2 4.435 3.894 3.193 1.721 1.302 0.705
(0.19) (0.38) (0.63) (1.15) (1.29) (1.50)

CONTROL 4.394 - 2.617 1.128 0.502 0.223
FYMl 4.394 3.9.59 2.870 0.679 0.434 ND

(1.31) (2.26) (4.63) (9.39) (9.92)
F'TM2 4.398 3.825 2.539 0.608 0..354 Nl)

(0.65) (1.28) (2.67) (4.77) (5.05)
0

PSl 4.300 1.325 1.093 0.374 0.226 ND
(0.49) (2.57) (2.74) (3.24) (3.35)

PS2 4.397 1.191 1.049 0.337 0.203 ND
(0.21) (1.33) (1..38) (1.6.3) (1.68)

0 M]̂ a = Submergence
1 - One Percent
2 - INvu Percent

0.0,'):i MPa = Field Capacity 
FYM - Farm Yard Manure 
PS - I’addy SI raw

NU - Not Detected
(Flgiire.s In the paranihesis Indicate the percent degradation per unit 
carbon of organic amendment)



Table - 27 Ptrsistence of Pendimethalin (mg kgr̂ ) in Mandya soil
with organic amendments under two moisture regimes

Moisture 
regime 
( M Pa )

Organic
amendment

Days after Incubation

1 4 8 15 22 36
CONTROL 4.609 - 3.583 3.326 3.057 2.721
FYMl 4.584 4.335 3.578 2.517 2.108 1.430

(0.90) (1.45) (3.09) (5.40) (8.29) (7.78)
FYM2 4.558 4.150 3.497 2.213 1.850 1.202

(0.48) (0.92) (1.83) (3.03) (3.42) (4.13)
0.033

PSl 4.554 3.988 3.289 2.023 1.562 0.892
(0.31) (0.71) (1.20) (1.95) (2.41) (2.88)

PS2 4.547 3.856 3.037 1.845 1.400 0.746
(0.18) (0.40) (0.89) (1.11) (1.28) (1.49)

CONTROL 4.433 - 1.972 1.113 0.363 0.224
FYMl 4.598 1.701 0.641 0.318 0.164 ND

(0.87) (7.17) (9.48) (10.18) (10.51)
FYM2 4.594 1.556 0.640 0.293 0.151 ND

(0.44) (3.74) (4.74) (5.12) (5.27)
0

PSl 4.598 0.915 0.566 0.284 0.136 ND
(0.28) (2.87) (3.11) (3.31) (3.41)

PS2 4.587 0.811 0.468 0.280 0.124 ND
(0.14) (1.47) (1.59) (1.88) (1.71)

0.033 MPa = Field Capacity, 0 MPa = Submergence
FYM -Farm Yard Manure 1 - One Percent
PS - Paddy Straw 2- Two Percent

ND - Not Detected
(Figures In the paranthesls Indicate the percent degradation per unit 
carbon of organic amendment)



The pendim ethalin  residues recovered under field capacity  on the  1st 
day w as 4 .583 mg kg ' and  1.430 mg kg ' on 36 th  day for the  soils trea ted  with 

one per cen t FYM. W hereas for the  soils trea ted  w ith two per cen t FTM, the 

residues were 4 .558 mg kg"' on the 1st day and  1.202 mg kg ' on 36 th  day. 

Addition of one per cen t paddy s traw  reduced  the  persistence  of pendim ethalin  

from 4.554 mg kg ' on the  1st day to 0 .892 mg kg ' on 36 th  day. The residues 

of pend im ethalin  recorded for the soil trea ted  w ith two per cen t paddy straw  

were 4 .547 mg kg ' on the  1st day and  0 .746 mg kg ' on the  36 th  day. Control 
soil recorded a  residue of 4 .609 and  2.721 mg kg ' on 1st and  3 6 th  day under 
field capacity  respectively.

The soil trea ted  w ith one per cen t FYM under subm ergence recorded 

4.598 and  0 .164 mg kg ' of pend im ethalin  residues on the 1st and  22nd day 

respectively. Incorporation of two per cent FYM further increased the degradation 

and the values ranged from 4.594 mg kg ' on the  1 s t  day to 0.151 mg kg ' on 

2 2 nd day.

Addition of paddy s traw  to the soils under subm ergence decreased  the 
persistence  to a  g rea ter ex ten t th a n  u n d e r field capacity. Soil incorporated  w ith 
one per cen t paddy straw  indicated  a  residue of 4 .598 mg kg"' on the 1st day 

and  0 .136 mg kg ' on 2 2 nd day while the  soils w ith two per cen t paddy straw  

registered a  residue  of 4.587 mg kg ' on the  1st day and  0 .124 mg kg ' on 22nd 

day and  it w as non  detectab le on 36 th  day. Soil w ithou t any  am endm ent noticed 

a  residue of 4 .433 an d  0 .224 mg kg ' u n d e r subm ergence on 1st an d  3 6 th  day 
respectively.

Addition of FYM and  paddy s traw  enhanced  the  degradation  u n d e r both 
field capacity  an d  subm ergence in Mudigere soils (Table. 28). Soil w ithout any 
am endm ent reg istered  a  residue of 4.831 and  3 .069 mg kg ' u n d e r field capacity 
and 4 .812 and  0 .474 mg kg ' under subm ergence on 1st and  36th  day 

respectively. Persistence of pendim ethalin  w as less in the  soils trea ted  with 
paddy s traw  w hen com pared to the soils trea ted  w ith FYM. W hen the soils were 

trea ted  w ith one per cen t FYM and  incubated  a t field capacity , the  persistence



Table - 28 Persistetice of Pendimethalin (mg kg’̂) in Mudigere soil
with organic amendments under two moisture regimes

Moisture 
regime 
( M Pa)

Organic
amendment

Days after Incubation

1 4 8 15 22 36
CONTROL 4.831 - 3.634 3.482 3.376 3.069
FYMl 4.823 4.577 3.612 3.017 2.639 2.014

(0.38) (0.92) (3.02) (4.31) (5.13) (6.49)
FYM2 4.796 4.467 3.548 2.757 2.308 1.797

(0.22) (0.58) (1.58) (2.44) (2.93) (3.48)
0.033

PSl 4.796 4.357 3.479 2.535 2.049 1.463
(0.14) (0.45) (1.07) (1.73) (2.07) (2.48)

PS2 4.784 4.225 3.397 2.403 1.808 1.198
(0.08) (0.27) (0.56) (0.91) (1.12) (1.33)

CONTROL 4.812 - 3.295 2.241 0.705 0.474
FYMl 4.898 4.364 3.236 1.887 0.995 ND

(0.22) (1.38) (3.83) (8.77) (8.71)
FYM2 4.898 4.187 2.946 1.436 0.621 ND

(0.11) (0.88) (2.23) (3.87) (4.78)

PSl 4.900 2.832 1.602 1.003 0.596 ND
(0.07) (1.52) (2.38) (2.80) (3.09)

PS2 4.879 2.413 1.319 0.744 0.463 ND
(0.04) (0.91) (1.29) (1.49) (1.59)

0.033 MPa = Field Capacity, 0 MPa = Submergence
FYM - Farm Yard Manure 1 - One Percent
PS - Paddy Straw 2- Two Percent

ND - Not Detected
(Figures In the paranthesls Indicate the percent degradation per unit 
carbon of organic amendment)
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of pend im ethalin  w as 4 .823 mg kg'* on the  1st day and  2 .014 mg kg'* on 36th  

day w hereas 4 .796 an d  1.797 mg kg'* on 1st day an d  36 th  day respectively were 
recorded for th e  soils trea ted  w ith two per cent FYM.

The p ersistence  of pendim ethalin  ranged from 4 .796 mg kg'* on 1st day 

to 1.463 mg kg'* on 36 th  day in the  soils trea ted  w ith one per cen t paddy straw . 

W hen the  soils incorporated  w ith  two per cen t paddy s traw  the  persistence  of 

pend im ethalin  w as 4 .784 mg kg'* on the  1st day and  1.198 mg kg'* on 36 th  day.

Incubation  of the soil incorporated w ith one per cent FYM a t subm ergence 
indicated  a  residue  of 4 .898 mg kg'* on the  1st day an d  0 .995 mg kg ' on 22nd 
day while the  soils w ith  two per cen t FYM registered a  residue  of 4.898 

mg kg'* on the  1st day and  0.621 mg kg'* on 22nd day. The pendim ethalin  

recovered from the  soil trea ted  w ith one per cen t paddy s traw  were ranged from 

4.900 mg kg'* on the  1st day to 0 .596 mg kg'* on 22nd day. The persistence  w as 

less for the  soils trea ted  w ith  two per cen t paddy s traw  and  the  recovery ranged 

from 4 .879 mg kg'* on 1st day to 0 .463 mg kg'* on 22nd day.

4 .5 .2  PERSISTENCE OF PENDIMETHALIN IN STERILE AND
NONSTERILE SOILS

In order to m onitor w hether the  degradation  of pend im ethalin  is 

dom inated  by chem ical or biological, the  persistence  of pend im ethalin  in sterile 

and  nonsterile  soils of Hiriyur, M andya an d  Mudigere were s tud ied  u n d e r two 
m oistu re  regim es nam ely field capacity  and  subm ergence. The herbicide w as 
applied a t 5 mg kg'* of soil.

The d a ta  on the  re su lts  of the  experim ent are p resen ted  in Table. 29 and 

Fig. 14. The persistence  of pendim ethalin  u n d e r b o th  field capacity  and  
subm ergence w as very high in sterile  soils w hen com pared to nonsterile  soils.

In H iriyur soil, the  residues recovered were 4 .684 mg kg'* on 1st day and 
4 .320 mg kg'* on 36 th  day of incubation  for sterile soil u n d e r field capacity



Table - 29 Persistence of Pcndimethalin (mg kg"̂ ) in sterile and nonsterile
soils under two moisture regimes

Moisture
regime Treatment Days after Incubation
(MPa) 1 8 15 22 36

0.033
Sterile

Nonsterile
4.684
4.515

4.611
3.704

Hlrlyur
4.516
3.291

4.488
2.857

4.320
2.542

0
Sterile

Nonsterile
4.505
4.402

4.479
2.725

4.454
1.326

4.432
0.617

4.301
0.302

0.033
Sterile

Nonsterile
4.711
4.670

4.678
3.622

Mandya
4.611
3.329

4.588
3.030

4.507
2.680

0
Sterile

Nonsterile
4.673
4.557

4.582
1.582

4.512
1.059

4.475
0.375

4.436
0.133

0.033
Sterile

Nonsterile
4.894
4.869

4.835
3.806

Mudlgere
4.802
3.542

4.738
3.332

4.630
3.056

0
Sterile

Nonsterile
4.902
4.845

4.813
3.377

4.738
2.334

4.710
0.876

4.607
0.511
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w hereas, 4 .505 mg kg'* on 1st and  4.301 mg kg'* on 3 6 th  day under 

subm ergence. Incubation  of soils u n d e r nonsterile  conditions show ed a  residue 

of 4 .515 mg kg'* on 1st day an d  2 .542 mg kg'* on 36 th  day u n d e r field capacity  
w hereas 4 .402 mg kg'* on 1st day an d  only 0 .302 mg kg'* on 3 6 th  day under 
subm ergence.

The sterile  M andya soils recorded a  residue  of 4.711 mg kg'* on the  1st 

day and  4 .507  mg kg'* on 36 th  day u n d e r field capacity  w hereas under 

subm ergence the  d a ta  recorded were 4 .673 mg kg'* on the  1st and  4.436 
mg kg'* on 3 6 th  day. The soils u n d er field capacity  registered a  residue  of 4.670 
mg kg'* on the  1st an d  2 .680 mg kg'* on 3 6 th  day in nonsterile  soils, w hereas 
4.557 and 0 .133 mg kg'* on the 1st and  36 th  day respectively u n d er subm ergence.

M udigere soil show ed slow degradation  w hen com pared to H iriyur and 
M andya soils. The soil m onitored u n d e r field capacity  indicated  residues of 

4.894 mg kg'* on th e  1st day and  4.630 mg kg * o n 3 6 th d a y  for sterile  soils, while 

4 .869 mg kg'* on 1st day and  3 .056 mg kg'* on 36 th  day for nonsterile  soils. 
U nder subm ergence, the  pendim ethalin  recovered were 4 .902 an d  4 .607 
mg kg'* on 1st an d  3 6 th  day respectively for sterile  soils w hereas, 4 .845 and  

0.511 mg kg'* on 1st and  3 6 th  day for nonsterile  soils respectively.

4 .5 .3  DEGRADATION KINETICS OF PENDIMETHALIN IN SOILS

The re su lts  of th e  persistence  an d  degradation  of pend im ethalin  were 

fitted to first o rder exponential equation  in order to in te rp re t the  ra te  of 

degradation. The re su lts  p resen ted  in  the  Table. 30 depict the  ra te  co n stan ts  

(Kĉ g), de term ination  coefficients (r )̂ an d  h a lf  lives (t,^) for pendim ethalin  

degradation  in H iriyur, M andya and  Mudigere soils a t  different m oisture  
regim es. The de term ination  coefficients (r )̂ were g rea ter th a n  0 .8879 in  all the 
soils ind icating  th a t  th e  d a ta  of pend im ethalin  persistence  and  degradation  

followed first order exponential equation.

It w as found th a t the  ra te  co n stan ts  were h igher a t  0 .5  mg kg'* ra te  of 
application  w hen com pared to 5.0 mg kg * ra te  of application  in all the  soils



Table - 3 0  F irst o rd e r  ra te  co n stan ts  ( K . ) H a lf  lives ( )  an d  
D e te rm in a tio n  coefficients ( P )  fo r  P end im etna lin  
d e g ra d a tio n  in  soils a t  d iffe ren t m o is tu re  reg im es.

Moistureregime Quantity added ( mg kg ') ( d V ' ) ( days)

Air dry 0.5 0.0110
Hlrlyur
0.9388 63.03( 100 MPa ) 5.0 0.0089 0.9432 78.15

FieldCapacity 0.5 0.0185 0.9524 37.45
(0.033 MPa) 5.0 0.0143 0.9308 48.59
Submergence 0.5 0.0852 0.9557 8.14

(OMPa) I phase* 0.1068 0.9859 6.49
11 phase** 0.0323 1.0000 21.475.0 0.0513 0.8879 13.52I phase 0.1032 0.9920 6.71
11 phase 0.0282 0.9333 24.27

Air dry 0.5 0.0126
Mandya
0.9388 54.94( 100 MPa ) 5.0 0.0109 0.9314 63.27

FieldCapacity 0.5 0.0215 0.9592 32.19(0.033 MPa)
5.0 0.0156 0.9349 44.52

Submergence 0.5 0.1018 0.9815 6.81(OMPa) I phase 0.1185 0.9938 5.85II phase 0.0634 1.0000 10.945.0 0.0532 0.8900 13.031 phase 0.1145 0.9880 6.05II phase 0.0297 0.9898 23.36

Air dry 0.5 0.0084
Mudlgere
0.8966 82.11( 100 MPa )

5.0 0.0073 0.9256 94.50Field
Capacity 0.5 0.0148 0.9624 46.92(0.033 MPa)

5.0 0.0125 0.9532 55.53
Submergence 0.5 0.0667 0.9807 10.39

(OMPa) 1 phase 0.0825 0.9510 8.40
II phase 0.0525 0.9785 13.21
5.0 0.0443 0.9071 15.66

I phase 0.0824 0.9212 8.41
II phase 0.0256 0.9823 27.12

* I phase = 0 to 22 days II phase = 22 day onwards



irrespective of m oistu re  regim es. The ra te  c o n stan ts  were very high under 
subm ergence and  leas t u n d e r airdry  condition in all the  soils. In H iriyur soil, 
the ra te  co n sta n ts  w ere 0.0110 an d  0.0089 da)r ' u n d e r a ird iy  condition, 0.0185 
and  0 .0143 da}r’ u n d e r field capacity  and  0.0852 and 0 .0513  d a y ' under 

subm ergence a t  0 .5  and  5 .0  mg kg"' application ra te  respectively.

The ra te  co n stan ts  in M andya soil were 0 .0126 an d  0 .0109 d a y ’ under 

airdry, 0 .0215  and  0 .0156 d a y ’ u n d e r field capacity  an d  0 .1018 an d  0.0532 

d a y ’ u n d e r subm ergence a t  0 .5  an d  5 .0  mg kg '’ application  ra te  respectively. 
It w as observed th a t  the  ra te  co n stan ts  were h igher in M andya soil u n d er all 
the m oistu re  regim es w hen com pared to H iriyur an d  M udigere soils.

In M udigere soil the  ra te  c o n stan ts  were 0.0084, 0 .0148  an d  0.0667 

d a y ’ a t  0 .5  mg k g ’ application and  0.0073, 0 .0125 and  0 .0443 a t 5.0 

mg kg ’ application  u n d er airdry, field capacity  an d  subm ergence respectively. 

The Kdeg v alues in M udigere soil w ere lower th a n  th a t  in H iriyur and  M andya 
soils.

The tim e required  for 50 per cent degradation  were found to be lower a t 
0.5 mg kg '’ app lication  ra te  th a n  a t  5 .0  mg kg '’ application  ra te  in all the soils 
irrespective of m oistu re  regim es. The h a lf lives were h igher a t a ird ry  m oisture 

regime and  decreased  w ith increasing  m oistu re  regim e and  show ed very low 

values u n d e r subm ergence in all the  soils irrespective of app lication  rate .

In H iriyur soil, the  h a lf lives were 63.03, 37.45 and  8 .14  days a t 0.5 

mg kg ’ app lication  and  78.15, 48.59 and  13.52 days a t 5 mg kg ’ application 

under airdry, field capacity  an d  subm ergence respectively. M andya soil showed 

the low est h a lf  lives w hen com pared to H iriyur and  M udigere soils and  the 
values were 54.94 and  63.27 days u n d er airdry, 32 .19 an d  44.52 days under 

field capacity  an d  6.81 and  13.03 days u n d er subm ergence a t 0.5 and  5.0 

mg kg ’ respectively. The h a lf lives in  Mudigere soils were h ighest w hen 
com pared to o ther two soils an d  the  values were 82.11, 46.92 an d  10.39 days 
a t 0 .5  mg kg ’ application  and  94.50, 55.53 and  15.66 days a t 5 .0  mg kg ’ 
application u n d e r airdry, field capacity  and  subm ergence respectively.



In general all the  th ree  soils u n d e r subm ergence were found to follow two 

different p h ase s  of degradation  (Fig. 11). The first p h ase  of degradation  covers 

upto  22 days and  the  second p h ase  from 22 day onw ards. The degradation  ra te  

co n stan ts  an d  the  h a lf lives for the  first p h ase  in H iriyur soil u n d e r subm ergence 
were 0 .1068 d a y ’ an d  6 .49 days a t 0 .5  mg kg"’ application an d  0 .1032  d a y ’ and 
6.71 days a t  5 mg kg"’ application. The second ph ase  ra te  c o n sta n ts  were lower 

th an  the  first p h ase  an d  the  h a lf lives were h igher th a n  the  first p h ase  indicating 

the  fas te r degradation  a t  the  initial stage. The ra te  c o n sta n ts  for the  second 

p h ase  in H iriyur soil w ere 0 .0323 and  0.0282 d a y ’ a t 0.5 an d  5 .0  mg kg ' 

application respectively an d  the  respective h a lf lives were 21 .47  and  24.27 

days.

The ra te  c o n sta n ts  in M andya soil u n d e r subm ergence for the  first and  
second p h ase s  w ere 0 .1185 an d  0 .0634 d a y ’ a t lower application  ra te  and 

0.1145 and  0 .0297  d a y ’ a t  h igher application  ra te . The h a lf lives were 5.85 and  

10.94 days a t  0 .5  mg kg"’ application  an d  6.05 an d  23.36 days a t 5 .0  mg kg ’ 

for the  first and  second p h ase s  respectively.

In M udigere soil the lowest degradation  ra te  c o n stan ts  were recorded in 
the first an d  th e  second p h ases  w hen com pared to those in H iriyur and  M andya 
soils and  the  values were 0.0825 and  0.0525 d a y ’ a t  0 .5  mg kg"’ an d  0.0824 

and 0 .0256 d a y ’ a t  5 .0  m g kg"’ respectively. The tim e required  for 50 per cent 

degradation of pendim ethalin  u n d er subm ergence for the  first and  second 

phases were 8 .40  and  13.21 days a t  0 .5  mg kg ’ application and  8.41 and  27.12 
days a t  5 .0  mg kg ’ application respectively.

4 .5 .4  DEGRADATION KINETICS OF PENDIMETHALIN IN SOILS WITH
ORGANIC AMENDMENTS

The d a ta  on first order ra te  co n stan ts , h a lf lives an d  determ ination  

coefficients for pend im ethalin  degradation  in soils w ith organic am endm ents 

under field capacity  and  subm ergence a t 5 .0  mg kg"’ application  are presen ted  
in Table. 31. The determ ination  coefficients (r )̂ were found to be g rea ter th an  
0.8681 in all the soils even w ith organic am endm ents.



Table - 31  F irst o rd e r  ra te  co n stan ts  ( ), H a lf  lives ( t ^ )  an d
D e te rm in a tio n  coeflScients ( r ^ ) fo r  Pendim ethaU n 
d e g ra d a tio n  in  soils w ith  d iffe ren t o rg an ic  am en d m en ts

Moisture
regime

Organic
amendment ( day-' )

r" *"1/2( days )

Field FYMl 0.0397
Hliiyur
0.9835 17.45

Capacity FYM2 0.0445 0.9759 15.59
(0.033MPa) PSl 0.0489 0.9791 14.17

PS2 0.0554 0.9838 12.50
Submergence FYMl 0.1194 0.9580 5.81

(OMPa) FYM2 0.1283 0.9703 5.40
PSl 0.1399 0.9338 4.95
PS2 0.1449 0.9246 4.78

Field FYMl 0.0353
Mandya
0.9829 19.64

Capacity FYM 2 0.0404 0.9780 17.17
(0.033MPa) PSl 0.0485 0.9890 14.30

PS2 0.0533 0.9896 13.02
Submergence FYMl 0.1583 0.9387 4.38

(OMPa) FYM2 0.1617 0.9399 4.29
PSl 0.1599 0.8906 4.34
PS2 0.1619 0.8681 4.28

Field FYMl 0.0258
Mudlgere
0.9686 26.82

Capacity FYM2 0.0284 0.9619 24.38
(0.033MPa) PSl 0.0354 0.9769 19.56

PS2 0.0410 0.9865 16.91
Submergence FYMl 0.0741 0.9872 9.35

(OMPa) FYM2 0.0957 0.9850 7.24
PSl 0.0985 0.9655 7.03
PS2 0.1110 0.9513 6.25

FYM - Farm Yard Manure 
PS - Paddy Straw

1 - One Percent
2 - Two Percent



The degradation  ra te  co n stan ts  were h igher u n d e r subm ergence w hen 
com pared to th a t u n d e r field capacity  in all the  soils w ith organic am endm ents. 

The h igher degradation  ra tes  w ere noticed in the  soil w ith h igher application 

ra tes  of FYM and  paddy straw .

The ra te  c o n sta n ts  in H iriyur soil w ith FYM a t one an d  two per cent were 

0.0397 and  0.0445 d a y ’ and  w ith one and  two per cent paddy s traw  were 0.0489 

and  0 .0554 d a y ' respectively, under field capacity. The Kdeg values under 

subm ergence w ere 0 .1194  and  0.1283 d a y ' for the  H iriyur soil w ith FYM and  

0.1399 and  0 .1449 d a y ' for soil w ith paddy straw .

In M andya soil the  ra te  co n stan ts  were 0 .0353 an d  0 .0404 d a y ' under 

field capacity  and  0.1583 and  0 .1617 d a y ' u n d er subm ergence w ith one and 

two per cen t FYM respectively. The Kdeg values were h ighest u n d e r subm ergence 

w ith FYM and  paddy straw  am endm ents. The ra te  c o n stan ts  for the  soil with 

paddy s traw  were 0 .0485 and  0.0533 d a y ' u n d e r field capacity  and  0.1599 and 

0.1619 d a y ' u n d e r subm ergence.

The ra te  c o n stan ts  were found to be lowest in M udigere soil even with 
organic am endm ents under both field capacity and subm ergence w hen com pared 
to H iriyur and  M udigere soils. The Kdeg values were 0 .0258 an d  0 .0284 d a y  

' u n d er field capacity  and  0.0741 and  0 .0957 d a y ' u n d e r subm ergence for the 

soil w ith one and  two per cen t FYM respectively. The application of paddy straw  

resu lted  in ra te  c o n stan ts  of 0 .0354 and  0.0410 d a y ' u n d e r field capacity  and 

0.0985 and  0 .1110 d a y ' u n d er subm ergence.

The half lives (t j^) for pendim ethalin  decreased w ith increased application 
ra tes  of FYM and  paddy s traw  in all the  soils irrespective of m oistu re  regim es 
and  the  values were lower in the  soils trea ted  w ith paddy s traw  w hen com pared 
to those w ith FYM. The h a lf lives were lower un d er subm ergence th an  under 

field capacity  in all the soils w ith organic am endm ents.



The tim e requ ired  for 50 per cen t degradation  in H iriyur soil w ith FTM 

a t one an d  two per cen t w ere 17.45 and  15.59 days u n d e r field capacity  and  5.81 

and  5 .40 days u n d e r subm ergence. In soils w ith paddy s traw  h a lf  lives of 14.17 
and  12.50 days u n d e r field capacity  and  4.95 and  4.78 days u n d e r subm ergence 

were noticed.

The tim e requ ired  for 50 per cen t degradation  of Pendim ethalin  in 

M andya soil w ith  FYM a t one and  two per cen t were 19.64 and  17.17 days under 

field capacity  and  4 .38  an d  4.29 days u n d e r subm ergence respectively. The 

soils w ith paddy  s traw  registered h a lf lives of 14.30 an d  13.02 days u n d er field 

capacity  an d  4 .34 an d  4.28 days u n d e r subm ergence.

The h a lf  lives in M udigere soil w ith organic am endm en ts  w ere higher 
th an  those in H iriyur an d  M andya soils u n d e r bo th  field capacity  and 

subm ergence. The t ,^  values u n d er field capacity  were 26.82 an d  24.38 days 

for the  soil w ith one an d  two p er cent FYM and  19.56 and  16.91 days for the 

soil w ith one an d  two per cen t paddy s traw  respectively. The h a lf  lives under 

subm ergence w ere 9 .35  and  7.24 days for the  soil w ith FYM an d  7.03 and  6.25 
days for the  soil w ith  paddy s traw  respectively.

4.6  LEACHING/MOBILITY OF BUTACHLOR IN SOIL COLUMNS

The leach ing /m obility  of b u tach lo r w as s tud ied  in th ree  soils nam ely 

Hiriyur, M andya and  Mudigere. The details of the  experim ent are  p resen ted  in
3.9.3 and  3.9.4.

4.6.1 MOBILITY STUDY - I

The re su lts  of d is tribu tion  of b u tach lo r in different dep th s  and  leaching 

losses a t different in tervals in soil co lum ns are p resen ted  in Table. 32. and  

Fig. 15. The d a ta  reveal th a t  th e  d is tribu tion  of b u tach lo r w as m axim um  in the 

0-7.5 cm dep th  in all the  soils a t all the  in tervals. The d istribu tion  of b u tach lo r 

increased  in the  7 .5-15 .0  cm depth  after 72 h rs  in all the  soils.



Table - 32 Distribution of Butachlor in different depths of soil column and
leaching losses at different intervals - Mobility study -1

( Butachlor added = 5 mg, Soil column used - air dry)

Depth 6 hrs 24 hrs 72 hrs
( cm ) mg % mg % mg %

Hlrlyur

0-7.5 3.803 83.99 3.270 73.88 2.740 65.49
7.5 15.0 0.520 11.48 0.713 16.11 0.780 18.64
15.0 22.5 0.205 4.53 0.283 6.39 0.313 7.48
22.5 30.0 -- -- 0.120 2.71 0.245 5.86
leaching
losses -- -- 0.040 0.90 0.106 2.53

Mandya

0 7.5 3.528 79.44 2.965 67.79 2.270 55.94
7.5-15.0 0.610 13.74 0.738 16.87 0.895 22.06
15.0-22.5 0.303 6.82 0.393 8.98 0.508 12.52
22.5 30.0 -- -- 0.220 5.03 0.230 5.67
leaching
losses -- -- 0.058 1.33 0.155 3.82

Mudigere

0 7.5 3.470 72.96 2.568 55.87 2.038 44.52
7.5-15.0 0.733 15.41 1.008 21.93 1.223 26.71
15.0 22.5 0.463 9.74 0.623 13.56 0.730 15.95
22.5-30.0 0.090 0.315 6.85 0.368 8.04
leaehing
losses -- 0.082 1.78 0.219 4.78





The d is tribu tion  of b u tach lo r in  H iriyur soil w as 3.803, 3 .270  and  2 .740 
mg in the  0-7 .5  cm  dep th  after 6 , 24 and  72 h rs  interval w hich corresponded 

to 83.99, 73.88 an d  65.49 per cen t of the  recovered b u tach lo r in the  soil colum n 

respectively. In 7 .5-15 .0  cm depth  the  d istribu tion  w as 0.520, 0 .713 and  
0 .780 mg w hich  accoun ted  to 11.48, 16.11 an d  18.64 per cen t after 6 , 24 and  

72 h rs  respectively. The d istribu tion  w as very less in 15.0-22.5 an d  22.5-30.0  

cm dep th  and  the  values were 0 .313 (7.48 %) an d  0 .245 mg (5.86%) a fter 72 h rs  

respectively.

The stu d y  on m obility of b u tach lo r in M andya soil ind icated  h igher levels 

of b u tach lo r in the  0-7 .5  cm dep th  a t  all the  in tervals and  the  d istribu tion  w as 

lower th a n  th a t  in H iriyur soil. In the  0-7.5 cm d ep th  the  b u tach lo r d is tribu tion  

w as 3 .528 (79.44%), 2 .965 (67.79%) an d  2 .270 (55.94%) mg of the  applied 

herbicide a fter 6 , 24 and  72 h rs  respectively. The d istribu tion  in 7 .5-15.0  cm 

depth  w as 0.610, 0 .738 and  0 .895 mg after 6 , 24 and  72 h rs  w hich accounted  

to 13.74, 16.87 and  22.06 per cen t respectively. The d is trib u tio n  w as very less 

in 15.0-22.5 an d  22 .5-30 .0  cm dep th  and  the  recovered values were 0 .508 and  

0 .230 mg after 72 h rs  w hich corresponded to 12.52 and  5 .67  per cent 

respectively.

The m obility of b u tach lo r in Mudigere soil w as m ore w hen com pared to 

H iriyur and  M andya soils. The d istribu tion  in 0-7.5, 7 .5-15.0, 15.0-22.5 and 

22 .5-30.0  cm dep th  w ere 3.470, 0.733, 0 .463 and  0 .090 m g after 6  h rs , 2.568, 

1.008, 0 .623 an d  0 .315 mg after 24 h rs  and  2.038, 1.223, 0 .730 and  0 .368 mg 
of applied herbicide a fter 72 h rs  respectively.

The d a ta  on leaching losses of bu tach lo r indicated  m ore leaching in 

M udigere soil an d  leas t in H iriyur soil. There w as absolutely  no leaching by 
6  h rs  since the  soil co lum ns were provided w ith  only field capacity  m oisture. 
The leaching losses w ere 0.040, 0 .058  and  0 .082 mg of applied herbicide 
corresponding to 0.90, 1.33 and  1.78 per cen t of the  recovered herbicide after 
24 h rs  in Hiriyur, M andya and  M udigere soil respectively. The q u an tity  lost in



the  leacha te  after 72 h rs  were 0 .106 (2.53 %), 0 .155 (3.82 %) and  0.219 

(4.78 %) m g of applied herbicide in  Hiriyur, M andya and  M udigere soil 
respectively.

4 .6 .2  MOBILITY STUDY - n

The d a ta  p resen ted  in the  Table. 33. indicate the  d is trib u tio n  and  

leaching losses of b u tach lo r in  different dep ths of s a tu ra te d  soil co lum ns after 

24 hrs. The d is tribu tion  of b u tach lo r w as 2.568, 0.713, 0 .343 an d  0 .210 mg of 

applied herbicide in H iriyur soil a t  0-7.5, 7 .5-15.0, 15,0-22.5 and  22 .5-30 .0  cm 
dep ths corresponding  to 62.31, 17.30, 8 .32 an d  5 .10  per cen t respectively. The 

qu an tity  of b u tach lo r d is tribu ted  in respective dep ths w ere 1.960 (47.58 %), 

0.913 (22.17 %), 0 .595 (14.45 %) an d  0 .320 (7.77 %) mg of applied herbicide in 
M andya soil an d  1.580 (37.37 %), 0 .983 (23.25 %), 0 .715 (16.91 %) and  0.485 

(11.47 %) mg of applied herbicide in M udigere soil.

The q u an tity  of b u tach lo r p resen t in the  top 0-7 .5  cm dep th  w as m ore 

in all the  soils w hen com pared to lower dep ths. The m obility of b u tach lo r w as 
higher in M udigere soil th a n  in H iriyur an d  M andya soils. The leaching losses 

were h igher in M udigere soil th a n  in H iriyur and  M andya soils. The quan tity  

lost w ere 0.287, 0.331 and  0 .465 mg of applied herbicide w hich accoun ted  to 
6.96, 8 .04  an d  11.00 per cen t respectively in Hiriyur, M andya an d  Mudigere 
soils.

4.7  LEACHING/MOBILITY OF PBNDIMETHALIN IN SOIL COLUMNS

The leach ing /m obility  o fpendim ethalin  w as also stud ied  in in th ree soils 

nam ely H iriyur, M andya an d  Mudigere. The details of the  experim ent were 

p resen ted  in the  ch ap te r 3 .9 .3  and  3.9.4.

4.7 .1  MOBILITY STUDY - I

The d a ta  on d istribu tion  of pendim ethalin  in different dep ths and



Table - 33 Distribution of Butachlor in different depths of soil
column and leaching losses after 24 hrs - Mobility study - II

(Butachlor added = 5mg, Soil column used - saturated)

Depths
(cm)

HIRIYUR MANDYA MUDIGERE
mg % mg % mg %

0-7.5 2.568 62.31 1.960 47.58 1.580 37.37
7.5-15.0 0.713 17.30 0.913 22.17 0.983 23.25
15.0-22.5 0.343 8.32 0.595 14.45 0.715 16.91
22.5-30.0 0.210 5.10 0.320 7.77 0.485 11.47
leaching losses 0.287 6.96 0.331 8.04 0.465 11.00



leaching losses in soil co lum ns a t  different dep th s  are  p resen ted  in Table. 34. 
and  Fig. 16.

The d is tribu tion  of pend im ethalin  w as h igher in the  0-7 .5  cm dep th  in 

all the  soils s tud ied  a t  all the  in tervals w hen com pared to lower dep ths. The 

qu an tity  of pend im ethalin  d is tribu ted  in H iriyur soil were 4.373, 0 .213 and  

0 .040 mg afte r 6 h rs  of leaching s tudy  w hich accoun ted  to 94.53, 4.60 an d  0.86 

per cen t of recovered herbicide in 0-7.5, 7 .5-15.0  and  15.0-22.5 cm dep ths 

respectively. No herbicide w as accum ulated  in the  22 .5-30 .0  cm depth . The 

pendim ethalin  detected  in the  0-7.5, 7.5-15.0, 15.0-22.5 an d  22 .5-30 .0  cm 

dep ths were 3.965, 0.380, 0 .113 and  0 .040  mg w hich accoun ted  to 87.86, 8.42, 

2.50 an d  0.89 per cen t of recovered herbicide after 24 h rs  of leaching and  3.708, 

0.463, 0 .168 and  0 .090 mg of applied herbicide w hich accoun ted  to 82.95, 
10.36, 3 .76  an d  2.01 per cen t of recovered herbicide after 72 h rs  of leaching 

respectively.

In M andya soil, pend im ethalin  w as m ore mobile th an  in H iriyur soil and  

the accum ula tion  in 0-7.5, 7 .5-15.0  and  15.0-22.5 dep ths were 4.063, 0.245 
and  0 .060  mg corresponding to 93.02, 5.61 and  1.37 per cen t of recovered 

herbicide a fter 6 h rs . There w as no m ovem ent to 22 .5-30 .0  cm d ep th  after 6 h rs 
of leaching. The d istribu tion  of pend im ethalin  in M andya soil a fter 24 h rs  were 

3.585, 0.463, 0 .123 and  0 .065 mg of applied herbicide w hich accoun ted  to 

84.63, 10.93, 2 .90  and  1.53 per cen t of recovered herbicide in 0-7.5, 7.5-15.0,

15.0-22.5 an d  22 .5-30 .0  cm  dep ths respectively. After 72 h rs  of leaching the 

d istribu tion  of pend im ethalin  were 3.438, 0,505, 0 .163 and  0 .088 mg which 

accounted  to 80.99, 11.90, 3 .84  and  2 .07 per cen t of recovered herbicide in 

corresponding dep ths.

M udigere soil recorded m ore m obility of pend im ethalin  w hen com pared 
to H iriyur and  M andya soils a t all the in tervals. The d is tribu tion  were 4.003 
(89.77 %), 0 .373 (8.37 %) and  0 .083 (1.86 %) mg of pend im ethalin  in 0-7.5, 

7 .5-15.0  and  15.0-22.5 cm dep ths respectively and  there  w as no accum ulation  

in the 22 .5-30 .0cm depth  after 6 h rs  of leaching. The pendim ethalin accum ulation



Table - 34 Distribution of Pendimethalin in different depths of soil column
and leaching losses at different intervals - Mobility study -1

( Pendimethalin added = 5 mg Soil column used - air dry)

6 h rs 24 h rs 72 h rs
D epth mg % mg % mg %

( cm )

H lrlyur

0 -7 .5 4.373 94.53 3 .965 87.86 3 .708 82.95

7.5 15.0 0.213 4.60 0.380 8.42 0.463 10.36

15.0-22.5 0.040 0 .86 0.113 2.50 0 .168 3.76

22.5  30.0 -- --■ 0 .040 0.89 0 .090 2.01

leaching
losses -- -- 0 .015 0.33 0.041 0.92

M andya

0-7 .5 4.063 93.02 3 .585 84.63 3 .438 80.99

7.5 15.0 0 .245 5.61 0.463 10.93 0 .505 11.90

15.0-22.5 0.060 1.37 0.123 2.90 0.163 3.84

22.5  30.0 -- -- 0 .065 1.53 0 .088 2.07

leaching
losses -- -- 0 .017 0.40 0.051 1.20

M udigere

0 -7 .5 4.003 89.77 3.473 79.89 3 .118 72.23

7 .5-15.0 0.373 8.37 0.563 12.95 0.673 15.59

15.0 22.5 0.083 1.86 0 .218 5.01 0 .340 7.88

22.5-30.0 -- -- 0.073 1.68 0 .120 2.78

leaching
losses -- -- 0.020 0.46 0 .066 1.53





in 0-7.5, 7 .5-15.0 , 15.0-22.5 an d  22 .5-30.0  cm dep ths were 3.473, 0 .563, 0 .218 
and  0 .073 mg of applied herbicide w hich corresponded to  79.89, 12.95, 5.01 

and  1.68 per cen t of recovered herbicide after 24 h rs . After 72 h rs , 3.118, 0.673, 

0 .343 an d  0 .120 m g of herbicide w hich corresponded to 72.23, 15.59, 7.88 and  

2.78 per cen t of herbicide w ere recovered.

There w as absolu tely  no leaching losses by 6 h rs  of leaching  in all the 

soils. The q u an tity  of pendim ethalin  lost in leaching w ere 0 .015 an d  0 .090 mg 

w hich accoun ted  to 0 .89 an d  2.01 per cen t in H iriyur soil after 24 and  72 h rs  

of leaching respectively. Com paratively h igher leaching losses w ere noticed in 

M andya an d  M udigere soils th a n  in H iriyur soil. The pendim ethalin  lost in the 

leachate  w as 0 .017  (0.40 %) and  0.051 (1.20 %) mg in M andya soil and  0 .020 

(0.46 %) and  0 .066 (1.53 %) mg in M udigere soil a fte r 24 an d  72 h rs  of leaching 
study  respectively.

4 .7 .2  MOBILITY STUDY - n

The d a ta  on d istribu tion  of pendim ethalin  in different dep ths of sa tu ra ted  

soil co lum ns and  leaching losses after 24 h rs  are furn ished  in Table. 35.

The H iriyur soil colum n h ad  h igher accum ulation  of pend im ethalin  in 
the 0-7.5 cm dep th  w hen com pared to M andya and  M udigere soils. In M udigere 

soil the lowest accum ulation  w as noticed in the  0-7.5 cm depth . The d istribu tion  
of applied pend im ethalin  in 0-7.5, 7 .5 -15 .0 ,15 .0 -22 .5  and  22 .5-30 .0  cm dep ths 
were 3.418, 0 .480, 0 .195 an d  0 .163 mg in H iriyur soil, 3 .163, 0 .598, 0 .263 and  

0.215 mg in M andya soil, 2.463, 0.793, 0 .573 and  0 .335 mg in M udigere soil 

respectively. The p er cen t accum ulation  of recovered pendim ethalin  were 

76.77, 10.78, 4 .38  and  3 .66 in H iriyur soil, 69.87, 13.21, 5.81 an d  4.75 in 

M andya soil, 54 .23, 17.46, 12.62 and  7 .38 in  M udigere soil in  0-7.5, 7 .5-15.0,

15.0-22.5 an d  22 .5-30 .0  cm dep th s  respectively.

The leaching losses of pendim ethalin  in the  s a tu ra te d  colum n after 

24 h rs  were 0.196, 0 .288 and  0 .378 mg of applied herbicide w hich corresponded



Table - 35 Distribution of Pendimethalin in different depths of
soil column and leaching losses after 24 hrs - Mobility study - II

(Pendimethalin added = 5mg, Soil column used - saturated)

D ep th s
(cm)

HIRIYUR MANDYA MUDIGERE
m g % m g % m g %

0-7 .5 3 .418 76 .77 3 .163 69 .87 2 .463 54.23

7 .5 -1 5 .0 0 .480 10.78 0 .5 9 8 13.21 0 .7 9 3 17.46

15 .0-22 .5 0 .1 9 5 4 .38 0 .263 5.81 0 .5 7 3 12.62

2 2 .5 -3 0 .0 0 .163 3 .66 0 .215 4.75 0 .3 3 5 7.38

leach ing  lo sses 0 .196 4.40 0 .288 6.36 0 .3 7 8 8.32



to 4.40, 6 .36 and  8.32 per cen t in Hiriyur, M andya an d  Mudigere soils 

respectively. Com paratively h igher leaching losses were observed in Mudigere 

soil th a n  in H iriyur and  M andya soils.

4.7.3 BIOASSAY

The re su lts  p resen ted  in the  Table. 36. depict the  fresh w eight of ten  day 

old ragi seedlings as  influenced by bu tach lo r d is tribu tion  in different dep ths of 

soil co lum ns a t different in tervals of m obility s tud ies 1 and  11.

The fresh w eight of ragi seedlings in 0-7.5, 7.5-15.0, 15.0-22.5 and 

22 .5-30.0  cm dep th s  of soil colum n w ith herbicide were 1.53, 1.83, 1.80 and 

1.73 g after 6 h rs  of leaching, 1.44, 1.73, 1 .70 an d  1.65 g after 24 h rs  of leaching 

and  1.38, 1.52, 1.50 and  1.48 g after 72 h rs  of leaching as  com pared to 2.18, 
2.22, 2 .25 and  2.12 g in control soils of corresponding dep ths in mobility 

study  - 1. The fresh w eights in sa tu ra te d  soil colum n (mobility s tudy  - 11) after 
24 h rs  were 0.45, 1.41, 1.48 and  1.55 g respectively in 0-7.5, 7 .5-15.0,

15.0- 22.5 an d  22 .5-30 .0  cm depths.

The fresh w eight of ragi seedlings in M andya soil w ithou t herbicide were 

1.96, 2.05, 2 .09 and  2.11 g in 0-7.5, 7.5-15.0, 15.0-22.5 and  22 .5-30 .0  cm 

depths respectively. The fresh weight in the  colum ns of mobility s tu d y  - 1 with 

bu tach lo r were 1 .81 ,2 .03 , 2.05 and  2 .15g after 6 hrs, 1.73, 1,82, 1.80 and  1,83 

g after 24 h rs  an d  1.80, 1.90, 1.91 and 1.86 g after 72 h rs  in 0-7.5, 7.5-15.0,

15.0- 22.5 and  22 .5-30 .0  cm dep ths respectively. In the sa tu ra te d  soil colum n 

(mobility s tudy  -11), after 24 h rs, the  fresh weight of ragi seedlings recorded were 

0.57, 1.71, 1.85 an d  1.94 g in 0-7.5, 7.5-15.0, 15.0-22.5 and  22 .5-30 .0  cm 
dep ths respectively. In general the  fresh w eights in all the  dep ths a t respective 
leaching in tervals in M udigere soil were lower th a n  in H iriyur and  M andya soil 
and  the  values were 1.29, 1.65, 1.68 and  1.71 g after 6 h rs , 1.05, 1.42, 1.55 and 

1.63 g a fter 24 h rs  and  1.36, 1.45, 1.64 and  1.65 g after 72 h rs  of leaching in 
0-7.5, 7.5-15.0, 15.0-22.5 and  22.5-30.0  cm dep ths respectively. The fresh 
weight of ragi seedlings in the  sa tu ra te d  soil colum ns as  influenced by



Table - 36 Fresh weigjit (g) of ten day old ragi seedlings as influenced by
Butachlor distribution in soil columns.

Mobility s tu d y  - I Mobility 
stu d y  - 11

D epth
(cms)

C ontro l 6 h rs 24 h r s 72 h r s 24 h rs

0 -7 .5 2 .18 1.53

H lrlyur

1.44 1.38 0.45
7 .5 -15 .0 2 .22 1.83 1.73 1.52 1.41
15 .0-22 .5 2 .25 1.80 1.70 1.50 1.48
2 2 .5 -3 0 .0 2 .12 1.73 1.65 1.48 1.55

0-7 .5 1.96 1.81

M andya

1.73 1.80 0.57
7 .5 -15 .0 2 .05 2 .03 1.82 1.90 1.71
15 .0-22 .5 2 .09 2 .05 1.80 1.91 1.85
2 2 .5 -3 0 .0 2.11 2 .15 1.83 1.86 1.94

0-7 .5 1.87 1.29

M udlgere

1.05 1.36 0.33
7 .5 -1 5 .0 1.92 1.65 1.42 1.45 0 .86
15 .0-22 .5 1.93 1.68 1.55 1.64 1.63
2 2 .5 -3 0 .0 1.95 1.71 1.63 1.65 1.68



d istribu tion  of b u tach lo r in different dep th s  were 0.33, 0.86, 1.63 and  1.68 g 
respectively.

In general the  fresh weight of ragi seedling were affected to a  greater 

ex ten t in  th e  top 0-7 .5  cm  dep th  th a n  the  lower dep ths in all th e  soils a t all the 
in tervals in b o th  the  m obility stud ies.

The d a ta  on fresh  weight of ragi seedlings as  influenced by pendim ethalin  

d is tribu tion  in soil co lum ns are p resen ted  in Table 37.

The re su lts  ind icated  th a t the  fresh weight of ragi seedlings in soil 

colum ns w ith no herbicides were 2.18, 2.22, 2 .25 and  2 .12 g in  Hiriyur, 1.96, 

2.05, 2.09 and  2.11 g in M andya and  1.87, 1.92, 1.93 and  1.95 g in M udigere 
soil in 0-7.5, 7.5-15.0, 15.0-22.5 and  22 .5-30 .0  cm dep ths respectively.

The seedlings w eight as  influenced by pendim ethalin  d is tribu tion  in 

H iriyur soil co lum ns ofm obility  s tu d y - I  w ere 0.13, 1.83, 1.90 an d  1.87 g after 

6 h rs, 0.17, 1.44, 1.87 and  1.91 g after 24  h rs  and  0.24, 1.05, 1.76 and  1.80 

g after 72 h rs  in 0-7.5, 7 .5 -15 .0 ,15 .0-22 .5  and  22.5-30.0 cm dep ths respectively. 

The fresh  w eight of ragi seedlings in M andya soil colum ns w ere 0.36, 2 .0 1 ,2 .0 5  
and  1.97 g after 6 h rs , 0.15, 1.89, 1.81 an d  1.80 g after 24 h rs  an d  0.57, 1.77, 

1.81 and  1.84 g a fter 72 h rs  in respective dep ths. In M udigere soil, the  fresh 

weight of ragi seedlings in 0-7.5, 7.5-15.0, 15.0-22.5 and  22 .5-30 .0  cm dep ths 

were 0.22, 1.23, 1.73 an d  1.81 g after 6 h rs , 0.11, 0.97, 1.58 and  1.78 g after 
24 hrs, 0.43, 0 .55, 1.21 an d  1.47 g after 72 h rs  of leaching s tu d y  respectively.

In sa tu ra te d  soil co lum ns (mobility s tudy  - II) the  seedlings w eight were 

0.44, 1.67, 1.75 and  1.83 g in  Hiriyur, 0.85, 1.80, 1.86 an d  1.88 g in M andya 
and  0.25, 0.89, 1.53 and  1.76 g in  Mudigere soils in 0-7.5, 7 .5-15.0, 15.0-22.5 

and  22 .5-30 .0  cm dep th s  respectively.

The d a ta  p resen ted  in the  Table. 38. reveal the  fresh  w eight of ten  day 

old ragi seedlings as  influenced by graded concen tra tions of b u tach lo r and



Table - 37 Fresh weight (g) of ten day old raĝ  seedlings as influenced by
Pendimethalin distribution in soil columns.

Mobility s tu d y  - I
M obility 

s tudy  - II

D epth
(cm)

C ontro l 6 h rs 24 h rs 72 h r s 24 h rs

0-7 .5 2 .18 0 .13

H lrlyur

0 .17 0 .24 0.44
7 .5 -15 .0 2 .22 1.83 1.44 1.05 1.67
15 .0-22 .5 2 .25 1.90 1.87 1.76 1.75
2 2 .5 -3 0 .0 2 .12 1.87 1.91 1.80 1.83

0-7 .5 1.96 0 .36

M andya

0 .15 0 .5 7 0 .85
7 .5 -15 .0 2 .05 2.01 1.89 1.77 1.80
15.0-22.5 2 .09 2 .05 1.81 1.81 1.86
2 2 .5 -3 0 .0 2.11 1.97 1.80 1.84 1.88

0-7 .5 1.87 0 .22

M udlgere

0.11 0 .43 0 .25
7 .5 -15 .0 1.92 1.23 0 .97 0 .55 0 .89
15.0-22 .5 1.93 1.73 1.58 1.21 1.53
2 2 .5 -3 0 .0 1.95 1.81 1.78 1.47 1.76



Table - 38 Fresh Weight (g) of ten day old ragi seedlings as influenced
by graded concentrations (ppm w) of Butachlor

&  Pendimethalin in soils

C o n cen tra tio n  
(ppm w)

H lrlyur M andya M udlgere

B u tach lo r

C ontro l 0 .89 0 .90 0 .87
0 .5 0 .8 9 0 .94 0 .86
1.0 0 .90 1.00 0.71
2 .0 0 .96 0 .9 8 0 .7 4
4 .0 1.00 0 .83 0 .67
8.0 0 .83 0.81 0 .63

P endim ethalin

C ontro l 0 .89 0 .90 0 .87
0 .5 0 .15 0 .58 0 .10
1.0 NG 0.26 0 .08
2.0 NG NG NG
4.0 NG NG NG
8.0 NG NG NG

NG - NO GERMINATION



pendim ethalin  applied to soil. The concen tra tions u sed  were 0, 0.5, 1.0, 2.0, 4.0 
and  8 .0  ppm  (w/w) and  the  experim ental details a re  p resen ted  in the  chap ter 

3.9.6. The w eight of ragi seedlings in Hiriyur, M andya and  M udigere soils w ith 

no herb icides w ere 0.89, 0 .90  an d  0 .87  g respectively and  there  w as no m uch 
difference in  th e  fresh  w eight am ong different concen tra tions of bu tach lo r in 
H iriyur an d  M andya soils an d  a  little difference in the  grow th w ere observed in 
M udigere soil.

The fresh weight of ragi seedlings in the  soil w ith 0.50 ppm  of pendim ethalin 

concen tra tions w ere affected to a  g rea ter ex ten t an d  the  effect w as m ore in 

H iriyur and  M udigere soil th a n  in M andya soil. No germ ination  w as observed 

in the  soils w ith 2 .0  ppm  and  m ore th a n  2 .0 ppm  of pendim ethalin  concen tration  

in all the  soils.
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V I. D IS C U S S IO N

The re su lts  of adsorp tion-desorp tion , persistence  and  degradation  and 

mobility of b u tach lo r and  pendim ethalin  in th ree  selected soil series of 

K arnataka  are  d iscussed  in th is  chap ter.

5 .1  ADSORPTION-DESORPTION OF BUTACHLOR IN SOILS

Adsorption-desorption phenom ena occupy a  central position in controlling 
the  d istribu tion  of herbicides in  soils, w hich controls th e  q u an tity  of herbicide 

in soil so lu tion  an d  th u s  determ ine its biological activity, m obility in soil w ater 

and volatility. Inorganic and  organic su rfaces m ake up  the  soil adsorp tion  

complex (Calvet, 1980).

The d a ta  on adsorp tion  and  desorp tion  of b u tach lo r in H iriyur, M andya 
and  M udigere soils and  whe<^ th ese  soils were am ended w ith two and  four per 

cent FYM as  organic am endm ent are  p resen ted  in Tables. 6, 7 and  8. The d a ta  
revealed th a t the  am o u n t of b u tach lo r adsorbed  by all the  soils con tinued  to 
increase a t a  decreasing  ra te , w ith  each increase  in so lution concen tra tion . This 

suggests th a t  adsorp tion  s ites  were no t sa tu ra te d  a t  any concen tration  

considered in th is  study .

The adso rp tion  of bu tach lo r in  different soils decreased  in the  order of 

M andya > H iriyur > Mudigere, w hich is also  the order of decreasing  organic 

carbon in the  soils. Hence, h igher adsorp tion  of bu tach lo r in  M andya soil could 

be m ainly a ttr ib u ted  to h igher organic carbon  con ten t th a n  o th er two soils. The 

positive effect of organic m a tte r on the  adsorp tion  of organic chem icals h a s  

been well estab lished  by Brightwell and  Rueppel (1978), W eber an d  Peter (1982) 

and  Sato e t  a L  (1987).

Soils am ended w ith  two and  four per cen t FYM fu rth e r increased  the 

adsorp tion  of b u tach lo r in all the  soils suggesting  the  influence of organic 

carbon on adsorp tion . However no definite trend  in the increase  w as observed,



w ith increm ental addition  of organic m atte r. The m agnitude an d  m echan ism s 
of adsorp tion  are  influenced by the  type of organic m atte r, the  ex ten t of 

decom position of organic m a tte r as well a s  clay organic m a tte r  in teractions. 

Sim ilar observations w ere also m ade by S trek  and  W eber (1982) for a lach lor and  
m etolachlor.

The cum ulative desorp tion  an d  per cent desorp tion  w as found to 
increase w ith  increasing  initial concen tra tion  in all th e  soils an d  also  in soils 

w ith additional organic m atte r, However, the  desorp tion  of b u tach lo r in soils 

decreased  in the  order of M udigere > H iriyur > M andya w hich is also  in the 

increasing  order of soil organic carbon. The per cen t desorp tion  w as found to 

decrease in all the  soils w ith two and  four per cen t FYM indicating  stronger 

adsorp tion  of b u tach lo r by organic m atter. In M udigere soil o u t of 43.90 

mg kg ' of adsorbed  bu tach lo r, 16.2 mg kg ' w as desorbed accoun ting  for 38.09 
per cen t of the  applied 100 mg kg '. However a t the  sam e level of application 
there w as increase  in adsorp tion  w ith lesser per cen t desorp tion  w ith organic 

m a tte r incorporation.

The values for 1 /n  (slopes) were < 1.0 an d  indicated  a  non linear 

rela tionsh ip  betw een herbicide concen tra tion  and  adsorp tion  and  can be 
characterized  a s  L type of adsorp tion  isotherm . The L shaped  iso therm  signify 

th a t the  soil h a s  a  high affinity for the  herbicides. The adsorp tion  occurred in 

a p lan ar configuration and  bonding w as m ultifunctional. W eber an d  Peter 
(1987) characterized  alachlor and  m etolachlor adsorp tion  iso therm  as  L shaped 
on organic m a tte r an d  S -shaped  on m ontom orillonite.

The F reundlich  equation  provided a  good fit (r^ > 0.98) to the  adsorp tion  

d a ta  in all the  soils (Table. 9). Soil adsorp tion  of m ost of the  chloroacetanilide 
herbicides is b e tte r described by Freundlich th a n  by Langm uir equations 

(Obrigawitch e t  a f  1981, Sato  e t  a l  1987; Wood e t  a l  1987). The Freundlich 

equation  is em pirical and  im poses no lim its on adsorp tion , w hile the  Langm uir 

equation is based  on theoretical considerations and  shows m axim um  adsorption 
w hen a  m onolayer covers all surfaces. The Freundlich equation  re la tes 

adsorbed  and  so lu tion  phase  concen tration  a t equilibrium .



The F reundlich  c o n stan t K values ranged from 4.599 to 14.181 and 
found to increase  w ith  the  addition  of FYM a t two and  four per cen t (w/w) levels 

in all the  soils. The K values followed the  order M andya > H iriyur > M udigere 

soils w hich is also  in decreasing order of organic carbon. Brightwell and 

Rueppel (1978) reported  K values ranging from 3.5 to 20.0 and  Sato  e t  al(1987) 

noticed a  range of 14.8 to 38 .9  for b u tach lo r adsorp tion  on soils. A significant 
correlation (r = 0.9695) betw een Freundlich  K and  organic carbon co n ten t of soil 
ind icated  m ajor role played by the  organic carbon in b u tach lo r adsorp tion . 
Hence, the  ab so lu te  q u an tity  of b u tach lo r adsorbed  by u n it q u an tity  of organic 

carbon co n ten t of soil w as calcu lated . The sorp tion  coefficient is com m only 

a m easure  of pesticide sorp tion  to soil organic carbon. A ssociation w ith soil 

organic m a tte r is com m only assu m ed  to be a  m ajor m echan ism  of pesticide 

s o r p t i o n  i n  s o i l s .  B utachlor, a  m em ber of chloroacetanilide group, a lso  exhibits 

high affinity tow ards organic phase . The values ranged from 1289 to 1757. 

Though the  abso lu te  q u an tity  of bu tach lo r adsorbed  in M andya soil per u n it of 

soil is h ighest, the  con tribu tion  tow ards adsorp tion  per u n it of organic carbon 
is less as  observed by the  lowest values am ong the  soils. This m ay be due 
to h igher organic m atter-clay  in teraction  and  su b seq u en t stab ilization  of 

organic m atte r, thereby, reducing the  num ber of adsorp tion  s ite s  on the  native 

organic fraction. However, w hen ex traneous organic m a tte r is added in the  form 

of partially  decom posed FYM, com paratively higher adsorp tion  per u n it of 

carbon w as observed as  revealed by h igher values w ith the  increased  FYM 

content. The variability  in values m ay be due to differences in sorptive 

efficiency of soil organic carbon  am ong soils an d  a  poor re la tionsh ip  

(r = -0.0228) w as observed betw een organic carbon co n ten t of soil and  . 

C hesters e t  a l  (1989) reported  th a t  the  values of a lach lor and  m etolachlor 

adsorp tion  did no t show paralle] increase  w ith organic m a tte r an d  clay content.

The adsorp tion  desorp tion  iso therm s of bu tach lo r in H iriyur, M andya 

and  M udigere soils an d  th ese  soils w ith two and  four per cent FYM are p resen ted  

in Figs. 1, 2 and  3. A dsorption iso therm s were generally L sh ap ed  and  th is  is 
a  com m on fea tu re  for the  adsorp tion  of organic chem icals in m ineral soils.



D ecrease in the am oun t ofherbicide desorbed from the  soil in com parison 
to th a t  adsorbed , an d  w ith successive desorption steps, are  referred  to as the 

hysteresis  effect (B raverm an e t  a l  1990). The desorp tion  p rocess exhibited 

pronounced h ysterisis  in all the  soils and  for every level of initially adsorbed 

b u tach lo r w hich w as sub jected  to desorption. This is evident from the 

desorption iso therm s corresponding to each  initial b u tach lo r concen tration . 

The hysteres is  w as m ore pronounced w hen the  desorp tion  w as carried  o u t from 

higher levels of adsorbed  bu tach lo r. T hus, w hen the  adsorp tion  w as carried  ou t 

from soils w here only 5 to 11 mg kg ' of b u tach lo r w as p resen t, the  desorption 

iso therm s w ere very close to the  adsorp tion  iso therm s. This show s th a t the 
degree of irreversibility in the  adsorp tion  process increases w ith increase  in 

sorbed bu tach lo r. Sim ilar fea tu res w ere also  observed by M urray e t  a l  (1975) 

for dipropetryn an d  prom etryn, A haronson and  Kafkafi (1975) for thiabendazole 
and  Wu e t  a l  (1975) for napropam ide and  R am an e t  a l  (1988) for atrazine.

The m ain cau se  of hysterisis  during  desorp tion  is the  presence of a 

num ber of he terogeneous adsorb ing  sites of varying energy levels on soils. In 

addition to th is, are  the  m odifications th a t take place in the  soil itself during 

the  ad so rp tion -deso rp tion  p rocess (Clavet, 1980). T hus, th e  desorp tion  

methodology itself im poses an  inbuilt lacuna, in tha t, the  adsorption-desorption 

d a ta  are obtained  u n d e r continuously  changing conditions like surface  area 

and aggregate size. Also, a s  Koskinen e t  a l  (1979) pointed  out, som e tim es, 

biochem ical or chem ical degradation can  also destroy adsorp tion-desorp tion  

iso therm s an d  re su lt in effects apparen tly  b u t no t tru ly  due to hysterisis. 
However, the  exact cau ses  of th is  effect are  still in d ispu te  (Braverm an e t  a l .  

1990).

5 .2  ADSORPTION - DESORPTION OF PENDIMETHALIN IN SOILS

The din itroan iline  herbicides have low w ater solubility an d  are  relatively 

non polar and  essen tially  nonionic. Their properties suggest th a t  adsorp tion  
would be assoc ia ted  w ith  hydrophobic and  lipophilic organic su rfaces in soils. 
The d a ta  p resen ted  in  the  Tables. 10, 11 and  12 indicated  th a t the  adsorp tion



of pend im ethalin  increased  w ith increasing  initial concen tra tion  and  the  per 

cent adsorp tion  decreased w ith  increasing concentration. The low concentration  

range (89 X lO'^to 356 X lO'^uM kg"*) u sed  in the  adsorp tion  s tu d y  w as due to 

its very low w ater solubility (0.3 ppm v a t 20‘’C). Higher concen tra tion  would 

resu lt in p rec ip ita tion  of the  herbicide in w ater. The hydrogen bonding can  be 
formed betw een n itro  g roups of pendim ethalin  m olecules and  alkyl g roups of 
neighbouring m olecules resu lting  in lipophilic s tru c tu re , w hich can  resist 
solvation in to  th e  w ater s tru c tu re . W eber (1987) reported  th a t  the  dinitro 
groups are responsib le  for decreasing the  w ater solubility of d in itroaniline 
herbicides.

All th e  soils showed very high adsorp tion  of pend im ethalin  w hen 

com pared to bu tach lo r. This m ay be due to its  low w ater solubility, high 

potential for hydrogen bonding and  low concen tra tion  range u sed  in the  study.

The pend im ethalin  adsorp tion  in soil w as found to be in the  order of 
M andya > H iriyur > M udigere. This trend  could be m ainly a ttr ib u ted  to organic 

carbon co n ten t of soils. The re su lts  in th is  s tudy  confirm  the  finding of Lam bert 

(1968), who observed a  high correlation  betw een sorp tion  of two d in itroanilines 

on 23 soils an d  th e  organic m a tte r con ten t of the  soils. W eber (1972) also found 

very high adsorp tion  of a  re la ted  dinitroaniline, trifluralin  by soil organic 

m atter. W eber an d  M onaco (1972) suggested  th a t the  d in itroaniline  herbicides 

probably assoc iated  w ith hydrophobic sites on soil organic m atte r.

The organic m a tte r con tains sa tu ra te d  and  u n sa tu ra te d  cyclic and  
heterocyclic ring s tru c tu re s , alcohols, p roteins, carboxyls and  carbohydrate  

residues. Polym erization of these  co n stitu en ts  yields m olecular w eights as  high 

as 3 ,00 ,000 (Stevenson, 1972). C ertain  portions of these  polym ers are  highly 
arom atic and  hydrophobic. C om pounds of low w ater solubility are  preferentially 

adsorbed  to these  hydrophobic a reas  and  are  removed from solution.

Incorporation of FYM a t two and  four per cent had  considerably 
increased  the  adsorp tion  of pend im ethalin  in all the  soils. The added organic 
m atte r could have provided additional s ites for adsorp tion . This can be



com pared w ith the  observations of W eber (1972) and  W heeler e t  c d .  (1979). 
Pendim ethalin  m olecules can  bind w ith the  soil partic les by hydrogen bonds 
betw een nitro  g roups in its s tru c tu re  and  pro teinaceous sites in th e  soil organic 

m atter. This can  be a ttrib u ted  to the  charge tran sfe r bonds betw een high charge 

density  arom atic  rings in soil hum ic su b stan ces  and  low charge density  

arom atic  rings of th e  pendim ethalin  as  observed by W eber (1987). Van Bladel 

and  M oreale (1977) and  Jac q u e s  and  Harvey (1979) also reported  sim ilar 

re su lts  w ith o ther d in itroanilines.

The cum ulative desorption an d  the  per cen t desorption of pendim ethalin  
increased  w ith  increasing  initial concen tra tion  in all the soils an d  w ith  two and 

four per cen t FYM. It is a ssum ed  th a t  a t lower concen tra tion , the  adsorbed 

pendim ethalin  m olecules could be strongly held w hen com pared to those a t 

higher concen tra tion , w here the  com petition betw een pendim ethalin  m olecules 

for the lim ited adsorp tion  site could have left m ore num b er of m olecules in 

loosely bound  positions and  th ese  m olecules can  be easily removed by 

desorption. The cum ulative desorption and per cent desorption of pendim ethalin  

decreased in all the  soils w ith two and  four per cent FYM th a n  in the soils 

w ithou t FYM. The low est per cent desorp tions were noticed in  all the  soils w ith 
four per cen t FYM. This m ay be a ttrib u ted  to the  low solubility of pendim ethalin  

after the form ation of hydrophobic bonds w ith soil or charge tran sfe r bond with 

organic su b s ta n c e  w hich re s is t solvation into w ater. T hus high affinity of 

herbicides tow ards the  organic m olecules resisted  the desorp tion  process. 

Sim ilar findings were also observed by w heeler e t  a l  (1979) for trifluralin  
herbicide.

The h igher cum ulative desorption and  the  per cen t desorption in 

Mudigere soil th a n  in H iriyur and  M andya soils m ay be a ttr ib u te d  to lower 

organic carbon co n ten t in Mudigere soil th a n  in o ther two soils. D esorption 
s tud ies add fu rther evidence th a t hydrophobic bondings are  involved in 
adsorp tion  of nonionic chem icals, since, the  less soluble com pounds like 

d in itroaniline herbicides were also difficultly desorbed from the  organic m atte r 

surface. In agreem ent w ith W eber and  M onaco (1977) the adsorp tion  of



din itroan ilines w as due to physical ad so rb ate -ad so rb en t a ttra c tio n s  and  w as 

no t due to cation  exchange m echanism s, since there  w as very little difference 

in desorp tion  betw een w ater an d  1 N CaClj solution.

The adsorp tion  desorp tion  iso therm s are  given in Figs. 4, 5 and  6. The 
adsorp tion  iso therm s of pend im ethalin  can  be classified u n d e r L type, since the 

slope (1 /n ) values were less th a n  un ity  in all the  soils and  also  w ith FYM 

application. A dsorption of pend im ethalin  s tud ied  by J a c q u e s  and  Harvey 

(1979) also  noticed L-type an d  sorp tion  increased  w ith increasing  organic 
m atter.

No m uch  deviation w as observed betw een desorp tion  and  adsorp tion  

iso therm s in H iriyur and  M andya soil, while a  little deviation can  be seen  in 

Mudigere soil. The deviation can  be a ttr ib u ted  to hysteresis . The hysteresis  w as 
more p ronounced  w hen the  desorption w as carried ou t from organic am ended 
soils. The desorp tion  iso therm s close to adsorp tion  iso therm s indicate the 

degree of irreversibility. This can  be observed w hen the  desorp tion  w as carried 

ou t from soils a t all the  concen tra tions an d  can  be a ttr ib u te d  to very low 

concen tra tion  range u sed  in th is  study. S im ilar fea tu res were also observed by 

M urray e t  a l  (1975) for dipropetryn and  prom etryn, A haronson and  Kafkafi 
(1975) for th iabendazole  and  Wu e t  a l  (1975) for napropam ide an d  R am an 

e l  a l  (1988) for a trazine.

The sorp tion  d a ta  of pendim ethalin  can  be be tte r explained by Freundlich 
equation  as  in the  case of bu tach lo r. The d a ta  p resen ted  in the  Table. 13. 
indicate the  order of decreasing values of K as  M andya > H iriyur > M udigere soil. 
The Freundlich  K values for pendim ethalin  were h igher th a n  th a t  observed for 

bu tach lo r in th ese  soils and  m ay be a ttr ib u ted  to very high adsorp tion  of 
pend im ethalin  th a n  bu tach lo r. The h igher values of Freundlich  K (68.659) in 

M andya soil th an  the  o ther two soils m ay be due to high soil organic carbon 

content. The addition of organic m a tte r fu rth er increased  the  K values in all the 
soils. Peter an d  W eber (1985) also reported  high adsorp tion  of d in itro  anilines 
w ith the  soils having high organic m atter. The correlation coefficients betw een



M udigere soil adsorbed  g rea ter am o u n ts  of pend im ethalin  per u n it of 

organic carbon  as  noticed by higher th a n  o ther two soils. Though the 
difference betw een the  K values am ong the  soils w as no t m arked, the 

correlation coefficient betw een an d  the  organic carbon co n ten t of soil w as 

very less (r = -0.2203) an d  no definite trend  w as observed w ith respec t to the 

organic carbon  co n ten t of the  soil. The addition  of FYM a t  two an d  four per cent 

d rastically  reduced the  values in Mudigere soil an d  th is  trend  w as not 
observed in o ther two soils. The varia tion  in pendim ethalin  adsorp tion  per u n it 

carbon (K J  values in soils and  w ith two and  four per cen t FYM m ay be 
a ttrib u ted  to the  differences in the  m ineral m atter, clay-organic m atte r 

in teraction  an d  pH of the  soils.

As organic m a tte r decom poses, the  per cen t of organic fraction consisting 

of hum ic  acid  increases and  adsorptive capacity  am ong organic m ateria ls  is 

g rea tes t w ith  hum ic acid (Adams, 1973). Furtherm ore, in soils w ith high 
organic carbon  con ten ts, the  organic m a tte r m ay be m ore aggregated resu lting  
in a  decrease in the  available adsorptive surface per u n it  w eight of organic 
carbon an d  th e  varia tions in values m ay also be due to differences in sorptive
efficiency of soil organic carbon  con ten t am ong soils,

5 .3  PERSISTENCE OF BUTACHLOR IN SOILS

The p ersistence  of herbicides depend on m any factors, m ost im portan t 

am ong them  are  soil type, soil m oistu re  and  tem peratu re . O rganic m a tte r and 

clay con ten t of soil also  affect the  persistence  of herbicides in soil by adsorbing 

on the  colloidal su rface  th u s  rendering it unavailab le to the  b iosystem  and 
decreasing its  effectiveness in controlling weeds. However, it is difficult to 
m ention any  one m ajor factor responsible for b u tach lo r persistence  and 

degradation.

Freundlich K and soil organic carbon was found to be very high (r = 0.9873).



The p ersistence  and  degradation  of b u tach lo r w as s tu d ied  in Hiriyur, 
M andya an d  M udigere soils un d er th ree  different m oistu re  regim es nam ely air 

dry (100 MPa), field capacity  (0.033 MPa) an d  subm ergence (0 MPa). The 

persistence  d a ta  of b u tach lo r a t  2.5 and  5 .0  mg kg * application  are  presen ted  

in Tables. 14, 15 an d  16. The p aram ete rs  of degradation  kinetics of b u tach lo r 

are p resen ted  in Table. 21.

Increased  application ra te  increased  the  persistence  of b u tach lo r in all 

the soils irrespective of m oistu re  regim es. The persistence  d a ta  indicated  a 

close correspondence to first o rder degradation  k inetics (r^ > 0.9561). The ra te  

co n stan ts  an d  h a lf  lives were derived by linear regression  analysis  of residual 
concen tra tion  on a  logarithm ic scale ag a in st tim e of incubation  for each soil. 

W ith first o rder k inetics, ra te  c o n stan ts  shou ld  be independen t of initial 

concen tration . B ut for m any herbicides, ra tes  of loss decreased  as  initial 
concen tra tion  increased  (Hurle and  W alker, 1980). The reduced  degradation 

ra tes  a t h igher initial concen tra tions m ight re su lt from a lim itation in the 

num ber of reaction  site s  in soil (Hance and  Me Kone, 1971) an d  toxic effects on 

micro o rgan ism s or enzyme inhibition  (Hurle, 1981). However, K u lsh restha  

(1987) reported  th a t the  ra te  of degradation  of bu tach lo r w as no t affected by the 

ra te  of application  in the  field condition. Chen an d  C hen (1978), K u lsh restha  

(1987) and  C hakraborty  e t  a l  (1990) also observed first order k inetics for the 

bu tach lo r degradation  in soil.

D egradation of bu tach lo r w as fas ter u n d e r field capacity  (0.033 MPa) 
th an  u n d er a ir dry (100 MPa) and  subm ergence (0 MPa) in all the soils 
irrespective of application  ra tes . The d a ta  p resen ted  in  theT able . 20. reveal th a t 

the degradation  of b u tach lo r is m ainly biological and  the  factors favourable for 

m icrobial degradation  are  pH, tem pera tu re , m oisture  and  organic m atter. It 
w as found th a t soil m oistu re  played an  im portan t role in the  degradation  of 

bu tach lo r. The h a lf lives of bu tach lo r ranged from 52.40 to 59 .57  days under 

a ir dry, 12.25 to 20.58 days u n d e r field capacity  and  from 28 .48  to 39.20 days 

under subm ergence a t 5 mg kg * application  ra te . M abbayad e t  a l  (1984) also 

noticed faster d issipation  of bu tach lo r u n d e r 90 per cen t field capacity  th an  a t



lower field capacity  m oistu re  content. Contradictorily, C hakraborty  e t a l [ l 990) 
noticed h igher degradation  u n d e r subm ergence th a n  u n d er field capacity  and  
air dry conditions an d  th e ir h a lf lives ranged from 8.29 to 12.19 days for a ir dry, 
7.93 to 11.74 days for field capacity  and  7.66 to 11.31 days for subm ergence 
conditions in four different soils of W est Bengal and  the  values indicated  very 

negligible differences betw een m oistu re  regim es. B eestm an and  Dem ing (1974) 

reported  sh o rt h a lf lives for b u tach lo r w hich ranged from 9 .4  to 14.4 days under 

w arm  m oist field condition. J a y a k u m a r and  Sree Ram ulu (1993) reported 

19 days for th e  50 p e r cen t degradation  of bu tach lo r in field condition.

W hen com pared am ong the  soils, persistence  of b u tach lo r w as leas t in 
M andya soil followed by H iriyur and  M udigere soils. The lower persistence  of 

b u tach lo r in M andya soil m ay be due to h igh organic m a tte r and  n eu tra l pH, 

which could favour the degradation  of bu tach lo r. Leela (1987a) indicated  th a t 

the inactivation  of b u tach lo r in n a tu ra l soil is m ainly due to high organic m atte r 

content. The h igher persistence  in H iriyur soil w hen com pared to M andya soil 

m ay be due to low organic m a tte r and  h igher pH. Since, the  degradation  of 

bu tach lo r w as found to be m ainly m icrobial (Table. 20), h igher degradation  in 

H iriyur soil th a n  in Mudigere soil u n d e r field capacity  m ay be a ttr ib u ted  to 
g rea ter am o u n t of w ater a t a  given field capacity  and  its clayey na tu re . Zimdahl 

and  C lark  (1982) suggested  th a t  m ore rap id  degradation  of m etolachlor 

herbicide in clay loam  (pH 8 .0  and  2 .5  % organic m atter) th a n  san d y  soil 

(pH 7.8 an d  1.1%  organic m atter) m ay be due to e ither g rea ter am o u n t of w ater 
a t a given field capacity  in the clay loam  or a  h igher level of m icrobial activity 
in the clay loam . However, the  first reason  suggested  by them  is p lausib le in 

view of the  observed effect of m oistu re  con ten t on ra te  of degradation  of 

bu tach lor. The different range of pH did no t affect the  degradation  of b u tach lo r 

in the  p re sen t s tu d y  w hich is in conform ity w ith the  findings of Chen and  Chen 
(1979). The observed persistence  of b u tach lo r in th ese  th ree  soils is a 

m anifestation  of all th ese  factors operating a t different levels.

In general all the  th ree  soils u n d er field capacity  were found to follow two 

different p h ases  of degradation  (Fig. 7). The first p h ase  of degradation  covered



upto  22nd day of incubation  and  th e  second p h ase  from 22nd  day onw ards and 

b o th  the  p h a se s  could be adequate ly  described by first o rder kinetics 

(Table. 21). The calcu la ted  h a lf lives ranged from 7.93 to 12.97 days and  9.30 

to 15.20 days a t  2 .5  and  5 .0  mg kg'* level of application  for the  first phase  

w hereas th ose  for the  second p h ase  in the  two levels ranged from 10.93 to 15.04 

days an d  14.29 to 24 .08  days respectively.

5 .3 .1  PERSISTENCE OF BUTACHLOR IN SOIL WITH ORGANIC

AMENDMENTS

The d a ta  on d eg rad a tio n  of b u ta ch lo r u n d e r field capac ity  and  

subm ergence w ith  th e  addition of FYM an d  paddy s traw  as  organic am endm ents 

are p resen ted  in  Tables. 17, 18 an d  19 and  Figs. 8 and  9. The add ition  of organic 

am endm en ts  h asten ed  the degradation  of b u tach lo r in all the  soils u n d er both 

field capacity  and  subm ergence. Since the  degradation  of b u tach lo r is m ainly 
m icrobial (Table. 20), the  addition of easily degradable organic su b s tra te s  
resu lt in a  sp o n tan eo u s  increase  in microbiological activity and  one would 
expect enhanced  degradation  by su ch  trea tm en ts . T hus, addition  of organic 

am endm ents showed prim ing effect and  increased the  degradation  of butachlor. 

Wolf an d  M artin (1974) noticed th a t  addition  of m aize an d  b ean  s traw  enhanced  

the degradation ofbrom acil and  terbacil. Hance (1973) com pared the  degradation 

of a trazine  in two different soils an d  reported  th a t FYM or s traw  accelerated  

a trazine  degradation  in one soil w hereas, m ineral fertilizers (N, P and  K) or 

fertilizers p lu s  s traw  accelerated  degradation  in bo th  soils. H urle (1981) also 

found th a t  s traw  enhanced  degradation  of a trazine  b u t n itrogen inhibited  ra tes  
of loss. However, the  effect of s traw  p lus n itrogen w as d ependen t on 

straw  to n itrogen  ratio .

The degradation  of b u tach lo r in all the  th ree  soils w as rap id  u n d e r field 
capacity  th a n  u n d e r subm ergence even w ith  the  addition  of FYM and  paddy 

straw  as organic am endm ents. Higher degradation  w as noticed in all soils 

am ended w ith  paddy s traw  am endm ent com pared to FYM. H alf lives ranged 

from 5 .87  to 9 .09  days a t one per cen t and  4.89 to 7.66 days a t two per cent



paddy s traw  u n d e r field capacity, w hereas those under subm ergence for the 
sam e levels ranged from 15.30 to 22.84 days and  11.70 to 18.15 days 
respectively. However, it is u n u su a l for degradation  to be m ore rap id  in soils 

w ith paddy s traw  am endm ents  com pared to FYM, since the  ra tio  of C:N is very 

wide. B ut the  per cen t degradation  per u n it carbon of FYM w as found to be two 

to four tim es h igher th an  paddy straw  in all the  soils under bo th  field capacity 

and subm ergence a t all the  intervals.

5.3.2 PERSISTENCE OF BUTACHLOR IN STERILE AND NONSTERILE
SOILS

To m onitor the  relative im portance of chemical and  microbial degradation, 
the persistence  of b u tach lo r w as s tud ied  under sterile (autoclaved) and 

nonsterile  (nonautoclaved) conditions. The persistence of b u tach lo r w as higher 

in sterile  condition of all the  soils u n d er bo th  field capacity  an d  subm ergence 

th an  in nonsterile  condition, suggesting m ajor pathw ay of degradation  of 

b u tach lo r as  microbiological (Table. 20. and  Fig. 10). The per cen t degradation  

in sterile soils after 36 th  day ranged from 13.78 to 16.08 per cen t u n d e r field 

capacity  and  11.52 to 14.5 per cent under subm ergence, w hereas, those  for the 
nonsterile  soils, ranged from 78.04 to 91.88 per cen t under field capacity  and  
54.24 to 60.64 per cen t under subm ergence respectively.

The p resen t s tu d y  w as suggestive th a t, the lesser degradation  in sterile 

soil w as due to the  su pp ression  of m icrobial activity, though  it is also  known 

th a t autoclaving can  a lte r the  soil organic and  m ineral m a tte r sufficiently to 

inhibit several im portan t c lasses of abiotic and  soil reactions (Wolf e t  a l  1989).

B eestm an an d  Deming (1974), C hen and  Chen (1977), Chen and 

Wu (1978) and  I>ee (1978) also reported  th a t the  m ajor pathw ay of degradation  
of bu tach lo r w as by m icroorganism s. However, Chen and  C hen (1978), Chen 

and  C hen (1979) an d  C hen (1981) reported , pho todecom position  and  

volatilization as  o ther pathw ays in addition to m icrobial degradation  for 

butachlor.



M ost re sea rch ers  observed h igher d issipation  of b u tach lo r under 
subm ergence  in  field condition  an d  a ttr ib u te d  to pho todecom position , 
volatilization, microbial degradation, leaching and  runoff. The higher degradation 
of b u tach lo r u n d e r field capacity  com pared to subm ergence in the  p resen t 

s tudy  m ay be a ttr ib u ted  to the  rapid  degradation  by aerobic and  facultative 

aerobic m icroorganism s.

5 .4  PERSISTENCE O F PENDIMETHALIN IN SOILS

The pers isten ce  of pend im ethalin  in soils is also influenced by various 

factors like soil m oisture , tem peratu re , organic m a tte r co n ten t and  m icrobial 
activity.

The d a ta  on persistence  of pend im ethalin  in Hiriyur, M andya and 

Mudigere soils are p resen ted  in Tables. 23, 24 an d  25 respectively, and  the 

pa ram ete rs  of first o rder degradation  kinetics are p resen ted  in Table. 30.

It w as found th a t initial concen tra tion  (0.5 and  5 .0  mg kg"') affected the 

degradation  ra te  k inetics in all the  soils. Reduced degradation  ra te s  a t higher 

initial co n cen tra tio n s  have been  a ttr ib u ted  to possible toxic effects on 
m icroorganism s or enzym e inhibition (Hurle, 1981). Since the  application  ra te  

used  in the  p re sen t s tu d y  w as very wide, the  h a lf lives obtained  also varied 

greatly. However, B arre tt and  Lavy (1983) noticed no significant influence of 

application of pend im ethalin  a t  the  ra te  of 0.5, 1.0 and  2 .0 mg kg ' soil on the 

ra te  of d issipation . Tewari e t  a l  (1994) observed th a t increased  dose of 

pendim ethalin  application  increased  the  persistence  in the  field condition and  

residue p ersisted  for 15 days w hen applied a t 0 .5  kg h a  ‘, 21 days w ith

1.5 kg h a  ' an d  40 days w ith 2 .5  kg ha"'. Edw ards (1972) claim ed th a t  in the 
fields, only u n u su a lly  h igh ra te s  of herbicide application would p roduce such  

an  effect.

Increase in m oistu re  con ten t increased  the  degradation of pendim ethalin  

in all the  soils. Pendim ethalin  degradation  w as m ost rapid  u n d e r subm ergence



(0 MPa) followed by field capacity  (0.33 MPa) and  a ir dry (100 MPa) conditions. 

In a ir dry soil, th e  degradation  of pend im ethalin  w as very less, obviously due 

to low m oistu re  con ten t. Since the  degradation  of pend im ethalin  w as mainly 

m icrobial (Table. 29), m oistu re  becom es a  lim iting factor an d  th is  h a s  been 

reflected in h igher persistence  and  h a lf lives com pared to field capacity  and  

subm erged  conditions. W alker and  Bond (1977), Savage (1978), Sm ith 

e t a l ( \ 9 7 9 ) ,  B arre tt and  Lavy (1983), Zim dahl e ta l  (1984), Nalayini e t a l (1991), 

Yadav e t  a l  (1993) and  Vouzounis and  A m ericanos (1994) also  observed the 
effect of m oistu re  on degradation  of pendim ethalin .

The h a lf lives for pend im ethalin  u n d er airdry, field capacity  and  

subm erged conditions ranged from 63.27 to 94.50, 44.57 to 55 .53  and  13.03 

to 15.66 days respectively a t 5 mg kg'* of application. It is very in te resting  to 

note th a t the  difference in the  h a lf lives betw een the  soils narrow ed from air dry 
(nearly 30 days) to subm ergence (nearly 3 days) suggesting soil anaerobiosis 

a s  m ajo r fac to r responsib le  for d eg radation  of p en d im eth la in . Savage 

et a l (1978) noticed 37 and  99 days of h a lf lives for pend im ethalin  in flooded and 

field capacity  respectively. B arre tt and  Lavy (1983) reported  59, 63 an d  30 days 

of halflives un d er airdry, continuously  flooded and alternately  flooded trea tm en ts 

respectively. However, they  failed to a ttr ib u te  any reason  for h igher persistence  
observed u n d e r con tinuously  flooded condition th a n  u n d e r airdry  condition. As 

reported  by Yadav e t  a l  (1993), the  h a lf lives of pend im ethalin  in the  field 

conditions were 76, 92 and  122 days a t the  level of six, four and  two irrigations 

respectively.

The degradation  of pendim ethalin  w as faster in  M andya soil followed by 

Hiriyur an d  Mudigere soils u n d er all m oisture regim es irrespective of application 

ra tes. However, the  difference in the  persistence  of pend im ethalin  am ong the 
soils w as less, though  the  soils belong to different tex tu ra l c lasses  an d  w ith 
different soil properties, Zim dahl e t  a l  (1984) reported  th a t m oistu re , organic 

m atter, tem p era tu re  and  m icrobial activity appeared  to be m ajor factors which 

influence the  degradation  of pend im ethalin  in soils. The lower persistence  of 

pend im ethalin  in M andya soil m ay be due to high organic carbon con ten t of soil



com pared to o th e r two soils. Since the  degradation  of pend im ethalin  w as 
m ainly m icrobial (Table. 29), organic m a tte r enhanced  the  degradation  of the 
chem ical by activating  m icroorganism s. W alker and  Bond (1977), Berayan 

(1982) an d  E leftherohorinos (1985) reported  th a t organic m a tte r  had  g rea ter 

influence on degradation  of pend im ethalin  and  persistence  of pendim ethalin  

increased  w ith  decrease in organic m a tte r con ten t of soil.

The d a ta  on persistence  of pend im ethalin  as  m onitored by residue 

analysis ind icated  an  initial rap id  degradation  followed by a  slower ra te  of loss 
in all the  soils u n d e r all m oistu re  regim es. The slope of these  degradation  curves 
(Fig. 11) w as indicative of first order k inetics. The significant de term ination  

coefficients (r )̂ p resen ted  in Table. 30. indicate s ta tis tica l conform ity of the 

degradation  d a ta  to first o rder k inetics. W alker an d  bond (1977) and  Savage 

(1978) also reported  first o rder degradation  kinetics for pend im ethalin  in soils. 

However, B arrett and  Lavy (1983) used quadratic  model to explain pendim ethalin  

degradation  in soils.

The degradation  of pend im ethalin  in soil u n d e r subm erged condition 
w as found to follow two different phases. It is evident from the  Fig. 11 th a t initial 
degradation  u n d e r subm ergence w as very rapid an d  nearly  70 to 80 per cent 
of pend im ethalin  degradation  occurred w ith in  15 to 20 days (first phase). The 

half lives of pend im ethalin  lie w ith in  th is  first ph ase  (0 to 22nd day). Very slow 

degradation  w as observed in the  second p h ase  (from 22nd day onw ards). These 

two se ts  of d a ta  perta in ing  to first p h ase  (0 to 22 days) and  second phase  

(from 22nd day onw ards) were trea ted  a s  two sep ara te  first o rder reactions and 

their assoc ia tions w ith first order k inetics w as confirm ed by determ ination  
coefficients (r^).

The h a lf lives for pend im eth lain  u n d e r subm erged condition for these  
th ree  soils ranged from 5.85 to 8 .40 days and  6.05 to 8.41 days a t 0.5 and  

5 mg kg ' app lication  for first p h ase  and  those for second phase , the half lives 
ranged from 10.94 to 13.21 days and  23.36 to 27.12 days respectively. The half 

lives for the  first p h ase  w as no t significantly affected by the  wide range of



applications, w hich is a  characteristic  of true  first order reaction. The degradation 

kinetics perta in ing  to second phase  showed a m arked  difference in  the  h a lf lives 

w ith applications, w hich show s a  slight deviation from the  first o rder kinetics 
and  can  be considered  a s  a  pseudo  first order k inetics. These observations were 
well in accordance w ith  the  d issipation  of som e d in itroan ilne herbicides in soil 

as  noticed by Savage and  Jo rd a n  (1980). G uha e t a l .  (1992) observed two pseudo 

first o rder degradation  steps involved in the  d issipation  of fluchloralin  in paddy 

soils of W est Bengal, and  h a lf lives varied from 5.13 to 5.22 days in the  first 

phase  and  11.23 to 11.80 days in the  second phase .

5 .4 .1  PERSISTENCE OF PENDIMETHALIN IN SOILS WITH ORGANIC
AMENDMENTS

Persistence and  degradation of pendim ethalin  in soil are greatly influenced 

by organic m a tte r  and  m icrobial activity. The d a ta  p resen ted  in Tables. 26, 27 

and 29 revealed th a t the  degradation  of pendim ethalin  w as fas ter u n d e r both 

field capacity  an d  subm ergence even w ith the  addition of organic am endm en ts  

like FYM an d  paddy  straw . Since biodegradation of m ost herbicides is controlled 

to a  larger ex ten t by m icrobial activity, the  addition of a  readily available energy 

source, would re su lt in a nearly  in s ta n tan e o u s  increase in m icrobial activity, 
w hich is expected to re su lt in enhanced  herbicide deg radation  (Yaron 

e t  a l  1985).

The addition  of glucose, n u tr ien t b ro ths, ground  vetch tops, corn and 
bean  s traw  resu lted  in the  enhanced  degradation  of m any herbicides (Me Clure, 
1970; Savage, 1977 an d  Wolf and  M artin, 1974). Doyle e ta l(1 9 7 8 ) observed an 
increase in m icrobial activity w hen sewage sludge an d  dairy m an u re  w as 

applied to soils, b u t the  form er inhibited  degradation, while the  la tte r  increased  
it. H ance (1973) reported  th a t FTM and  paddy straw  increased  the  degradation  
of a traz in e in  one soil while N, P a n d  K fertilizers alone or w ith  s traw  accelerated  

degradation  in bo th  soils. D uah-Y entum i and  K uw atsuka (1982) reported  th a t 

soils am ended w ith  rice straw , com post and  chem ical fertilizers h a sten ed  the 
degradation  of MCPA. However, these  am endm ents or N, P, K fertilizers did not 
affect the  first lag period b u t strongly  affected the  second lag periods.



D egradation of pendim eth lain  w as faster under subm erged condition 

along w ith organic am endm ents  th an  u n d e r field capacity  {Fig. 12 an d  13). 

However, the  difference in the  h a lf lives betw een the  am endm en ts  an d  levels 

un d er field capacity  and  subm ergence corroborates the  im portance of soil 
anaerobiosis in the  degradation  of pendim ethalin . These re su lts  are sim ilar to 

those reported  for DDT (Parr e t a l ,  1970) w here addition of an  organic su b s tra te  

m arkedly increased  the  degradation  of DDT under soil anaerob iosis  b u t had 

little effect in m oist a era ted  soil. Parr and  Sm ith (1973) reported  th a t  trifluralin  

degradation  w as assoc iated  w ith  microbiological activity as  evidenced by the 
lack of degradation  in autoclaved system s and  enhanced  degradation  upon the 
addition of alfalfa m eal as  su b stra te .

W hen com pared am ong the soils w ithou t any  am endm en ts  higher 

degradation  w as observed in M andya soil irrespective of m oistu re  regime. 

However in H iriyur soil, a  slight increase in degradation  w as observed under 

field capacity  w hen am ended w ith FYM a n d /o r  paddy s traw  as  com pared w ith 

o ther two soils u n d e r sim ilar trea tm en ts .

The h a lfliv eso fp en d im eth a lin  ranged from 14.17 to 19.56 days w ith one 
per cen t and  12.50 to 16.91 days w ith two per cen t paddy s traw  u n d er field 

capacity  w hereas those un d er subm ergence varied from 4.34 to 7 .03 days and 

4.78 to 6 .25 days respectively a t  5 mg kg ' level of application.

The trend  of degradation  revealed th a t there  w as no t m uch  difference in 

the degradation  betw een control and  am ended soils a t the  initial stages of 

incubation , m ore so there  w as a  slight inhibition  in the  am ended soils. However 

the  ra te  of degradation  increased  from 4 th  day onw ards in all am ended  soils. 

Though h igher degradation  of pend im ethain  w as noticed in th e  soils am ended 
w ith paddy straw , the  per cen t degradation  per u n it carbon  con ten t w as two to 
four tim es h igher in  FYM th a n  in paddy straw  bo th  u n d e r field capacity  and 

subm ergence a t  all the  intervals.



In order to m onitor the  relative im portance of chem ical or biological 
degradation  of pendim ethalin , the  persistence  of pend im ethalin  w as stud ied  

under autoclaved  (sterile) an d  nonautoclaved  (nonsterile) soils. The d a ta  

p resen ted  in Table. 29. suggest th a t  soil m icrobes play an  im p o rtan t role in 

degradation of pendim ethalin  in  soils both  under field capacity and  subm ergence.

Though in n a tu ra l soil, m oistu re  played a  m ajor role in the  degradation  
of pend im ethalin  in the  sterile  condition, the  m oistu re  regime h ad  no significant 
role w ith respec t to degradation. For exam ple, the  per cen t pend im ethalin  

w hich rem ained  on 3 6 th  day in M andya soil u n d e r sterile  condition a t field 
capacity w as 90 .14  w hereas, u n d e r nonsterile  condition th e  per cent of 

chem ical w hich rem ained  w as 53.60. U nder flooded condition the  qu an tity  of 

herbicide rem ained  on 36 th  day w as 88.72 per cen t in sterile  condition w h ereas , 

in nonsterile  condition the  chem ical rem ained  w as 2 .66  per cent.

B aru a  e t  a l  (1990), S ingh an d  K u lsh resth a  (1991) an d  T ripath i 

e t  a l (1993) also explained the  m ajor role of m icroorganism s in the  degradation  
of pend im ethalin  in  soils. As w ith m any o ther expectations, m any exceptions 

were found in the  im portance of m icrobial degradation  of d in itroan ilines in soils 

(Helling, 1976). C am per e t a l { l  980) found th a t  sterilization of th ree  soils totally 

inhibited the  degradation  of the  d initroaniline herbicides: profluralin  and  

trifluralin  u n d e r b o th  anaerobic and  aerobic conditions. Savage (1973) did not 

observe any  significant differences in the  degradation  of pend im ethalin  in 
autoclaved an d  nonautoclaved  soils u n d e r bo th  flooded and  a t field capacity.

The p resen t s tu d y  conclusively proves th a t pend im ethalin  degradation  
is favored u n d e r flooded condition and  is m ainly a ttrib u ted  to m icrobial activity.

5.4.2 PERSISTENCE OF PENDIMETHALIN IN STERILE AND
NONSTERILE SOILS



The leach ing /m obility  of b u tach lo r w as stud ied , a s  given in 3.9, in soil 
colum ns. The d a ta  perta in ing  to the  d is tribu tion  of b u tach lo r in different 
dep ths and  leaching losses a t  different in tervals in m obility s tu d ie s  I an d  II are 
p resen ted  in Tables. 32 and  33 respectively. The d a ta  on fresh w eight of ten  day 
old ragi seedlings a s  influenced by the  d istribu tion  of b u tach lo r in different 

dep ths of soil colum n are  p resen ted  in Table. 36.

The leaching s tu d y  revealed th a t b u tach lo r d is tribu tion  w as m axim um  

in 0-7.5 cm d ep th  in all the  soils a t all the  intervals. The d is tribu tion  in 

0-7.5 cm dep th  ranged from 72.96 to 83.99, 55,87 to 73.88 and  44.52 to 65.49 

per cen t after 6, 24 and  72 h rs  respectively in colum ns of m obility s tudy  1 

(Fig. 15) an d  from 37.37 to 62.31 per cen t after 24 h rs  in co lum ns of mobility 

study  II. The h igher b u tach lo r residues in top layers is a ttr ib u te d  to high 

adsorp tion  an d  less w ater solubility.

A dsorption-desorption s tu d y  of b u tach lo r in these  soils a s  described in 

section 4.2 reveal high per cen t adsorp tion  in soils. In general the  per cent 

adsorp tion  ranged from 47.56 to  75.49 a t an  application  ra te  of 12.5 mg kg '. 
Moreover b u tach lo r h a s  a  w ater solubility of only 23 mg L"' a t  24’’C. Hence, high 

adsorp tion  com bined w ith low w ater solubility resu lted  in very low m obility and  

su b seq u en t h igh  re ten tion  in the  top layers. G erber e t  a l  (1974), Spillner 

e t  a l  (1983) an d  Peter an d  W eber (1985) noticed adsorp tion  and  solubility of 

ch loroacetanalide herbicides as  the  m ajor factors influencing the  mobility of 

these herbicides. Even u n d er field situa tion , the  b u tach lo r w as re ta ined  in the 

top 10 cm according to K ulsh restha  e t  a l  (1987), w hich they a ttr ib u ted  to low 

solubility of b u tach lo r in w ater.

The p re sen t s tu d y  revealed th a t the  mobility of herbicide w as also 

governed by th e  tex tu re  of soils. It w as found th a t mobility of b u tach lo r w as less 
in H iriyur soil followed by M andya and  M udigere soils. Lower m obility in Hiriyur 
soil m ay be due to h igher clay con ten t (45.85 %) and  low hydraulic  conductivity

5.5 LEACHING/MOBILITY OF BUTACHLOR IN SOILS



(0.56 cm h r ') ,  and  h igher mobility in M udigere soil m ay be due to lower clay 

con ten t (20.13 %) and  high hydraulic  conductivity  (2.95 cm h r ') .  The lower 

m obility in H iriyur soil m ay also  be due to heavy tex tu re  dom inated  by 
m ontm orillonite clay, w hich on addition of w ater could expand to m ake the 
colum n im pervious th u s  h indering the  herbicide m ovem ent. Though the  per 

cent san d  co n ten t w as h igher in M andya soil th a n  in M udigere soil, the 

d istribu tion  of b u tach lo r in 0-7.5 cm depth  w as h igher in M andya soil th an  in 

M udigere soil w hich m ay be due to high organic carbon con ten t w hich can 

adsorb  h igher bu tach lo r. This s tudy  corroborates the findings of Obrigawitch 
e i  a l  (1981). They reported  h igher mobility of m etolachlor in sandy  loam soils 
th an  in clay loam  soils. C hen and  Chen (1979) correlated  leaching of b u tach lo r 

w ith leaching ra te  and  noticed 9.63 ppm  of bu tach lo r in  0-2 .0  cm  dep th  and  less 

th an  0 .5 ppm  in the lower dep ths of soil colum n w ith an  application of 

4.19 kg ha  ' and  2 .32 mm h r '  leaching rate .

No leachate  could be collected from all the  soils in the first six h rs  of 

leaching, since the  herbicide w as allowed to d istribu te  in the  soil co lum ns by 

the  addition of w ater required  to m ain ta in  only field capacity . However, the 

addition of m ore w ater resu lted  in leaching by 24 hrs, w hich fu rth e r increased 

with m ore addition  o fw ater upto  72 hrs. In general, leaching losses ranged from 
0.90 to 1.78 per cen t after 24 h rs  and  2.53 to 4.78 per cen t a fter 72 h rs  in 

colum ns of m obility s tu d y  1 and 6.96 to 11.00 per cen t after 24 h rs  in sa tu ra te d  

soil colum ns (mobility s tu d y  11). M udigere soil registered higher leaching losses 

th an  Hiriyur and  M andya soils w hich m ay be due to low organic carbon  and  clay 

con ten t and  high hydraulic  conductivity.

Ragi w as used  as  testing  system  to m onitor the  bioavailability of 

b u tach lo r residues in term s of seedlings fresh w eight on 10th day a fter sowing 
in the o ther h a lf of soil colum n used  for leaching study  as described in 3.9.6. 
The Plates. 1 ,3 .  .^and  S  illu s tra te  the  seedlings grow th in th ree  soils w ithout 

herbicide and  w ith herbicide a t different in tervals in bo th  the  m obility studies. 
It can be clearly seen from the Plates th a t the d istribu tion  of b u tach lo r w as 

m ainly in the top 2 to 3 cm depth  as noticed by inhibition of germ ination  and 
grow th of seedlings. However the  fresh weight of the seedling w as not m uch



Plate-2. Growth of ragi seedlings in control soil columns



Plate-3.

MUDIGERE
1

Growth of ragi seedlings in soU columns with butachlor 

after 6hrs (Mobility Study - 1)

Plate-4.

2 4 H rs

MIMGERE

Growth of ragi seedlings in soft columns with butachlor 

after 24 hrs (Mobility Study - 1)



Plate-5. Growth of ragi seedlings in soil columns with butachlor 

after 72 hrs (Mobility Study - 1)



Plate-6. Growth of ragi seedlings in soil columns with butachlor 

after 24 hrs (Mobility Study -II)



affected in the  lower dep th s  in bo th  airdry  and  sa tu ra te d  colum n. Cornelius 

et al (1976) also  noticed mobility of a lach lor and  m etolachlor res id u es  were 

restric ted  to 8 cm d ep th  as  judged  by a  b ioassay. V alliappan et al (1990) 

reported  h igher inhib ition  of b lack  gram  a t 0-4 cm dep th  of soil colum n for 
bu tach lo r leaching applied a t  1.25 kg ha 'h

The d a ta  on fresh  w eight of ragi seedlings as  influenced by the  graded 

levels of b u tach lo r concen tra tion  (Table. 38) indicated  th a t even a t  8 ppm  

(w/w), the  seedling w eight w as no t affected to a  g rea ter ex tent. This can  be due 

to insensitiv ity  of ragi crop to b u tach lo r and  m ay also be due to degradation  of 

bu tach lo r over a  period of 10 days. The lower fresh w eight of ragi seedlings in 

0-7.5 cm d ep th  is a ttr ib u ted  to h igher residue  level w hich ranged from 13.88 

to 15.21 mg k g ’ a fte rG h rs , 10 .2 7 to 13.08 mg k g ’ after 24 h rs  and  8 .15  to 10.96 

mg kg ’ a fter 72 h rs  in m obility s tudy  1 and  9.85 to 13.67 mg kg '’ a fte r 24 h rs  
in sa tu ra te d  colum n. However, the  residue levels m ay still be h igher in the 

0-2 or 3 cm dep th  w here m axim um  inhibition  of grow th w as noticed.

5 .6  LEACHING/MOBILITY OF PENDIMETHALIN IN SOILS

The leach ing /m obility  of pend im ethalin  w as also s tud ied  in soil colum ns 

of Hiriyur, M andya and  Mudigere soils. Tables. 34 and  35 depict the  d a ta  on 
d istribu tion  of pend im ethalin  a t different dep ths and  leaching losses a t 

different in tervals. The d a ta  on fresh  weight of ragi seedlings a s  influenced by 
the d is tribu tion  of pend im ethalin  in different dep ths of soil co lum ns are 
p resen ted  in Table. 37.

The d istribu tion  of pendim ethalin  w as very high in 0-7 .5  cm dep th  in all 

the soils a t all the  intervals. This m aybe  due to high adsorp tion  and  low mobility 

of pend im ethalin  in soils a s  in the  case of bu tach lo r. The d istribu tion  of 
pend im ethalin  in 0-7 .5  cm dep th  ranged from 89 .77  to 94.53 p er cent after 
6 hrs, 79.89 to 87.86 per cen t a fter 24 h rs  and  72.23 to 82.95 per cent after. 

72 h rs  in m obility s tu d y  1 (Fig. 16) and  54.23 to 76.77 per cen t after 24 h rs  in 

sa tu ra te d  soil co lum ns (mobility s tu d y  11).



More re ten tio n  of pend im ethalin  on top layer m ay be due to m any 

factors. The pendim ethalin  m olecules are  strongly  adsorbed  on soil partic les 

w ith lesser desorp tion  as  described in section 4 .4 and  the  per cen t adsorp tion  

ranged from 76.99 to 92.41 a t  an  application  ra te  of 89 X 10'^ uM kg ’. Moreover 

th is d in itroaniline  herbicide h a s  very low w ater solubility (0.3 ppm  a t 20”C) also 
resu lted  in lesser mobility.

The increased  d istribu tion  in the  lower dep ths after 24 an d  72 h rs  th an  

after 6 h rs  m ay be a ttr ib u ted  to  additional volum e (100 mL each  time] of w ater 

added to th e  colum ns. H igher re ten tion  of pend im ethalin  in u p p er layer 
observed in th e  p re sen t s tu d y  corroborates w ith the  findings of laborato ry  and  

field s tu d ie s  of Savage an d  Jo rd a n  (1980), Berayan an d  Mer Cado (1983), 

K u lsh resth a  an d  Y aduraju  (1987), Ankegowda et al (1993) an d  Tewari 
et a l (1994).

Among th e  soils stud ied , H iriyur soil reg istered  low m obility of 

pend im ethalin  th a n  in  M andya and  M udigere soils w hich can  be due  to high 

clay co n ten t dom inated  by m ontom orillonite an d  low hydrau lic  conductivity. 
M andya soil w ith h igh  organic carbon  co n ten t resu lted  in h igher pend im ethalin  
adsorp tion , th ough  the  per cen t san d  con ten t w as h igher in M andya soil th an  

in M udigere soil an d  thereby high d istribu tion  in  0-7.5 cm depth .

No leacha te  could be collected from all th e  soils a fter six h rs  of leaching 

since the  herbicide w as allowed to  d is tribu te  in the  soil co lum ns by the  addition 

of w ater requ ired  to m ain ta in  ju s t  field capacity. However th e  leaching losses 

of pend im ethalin  increased  w ith the  in tervals in all the  soils because  of 

additional volum e of w ater. Higher leaching losses were noticed in  sa tu ra ted  

soil co lum ns th a n  in airdry  colum ns m ainly due to m ore add ition  of w ater. 
S im ilar observations w ere also  noticed in the  case of b u tach lo r in th e  p resen t 
study. The leaching losses were h igher in M udigere soil th a n  in  o th e r two soils 

w hich w as a ttr ib u te d  to less adsorp tion  and  h igher m obility of pendim ethalin . 

However, th e  leaching losses w ere very less com pared to b u tach lo r and  ranged 

from 0.33 to 0 .46  p e r cen t after 24 h rs  and  0 .92 to 1.53 per cen t after 72 h rs



in m obility s tu d y  1 and  from 4.40 to 8.32 per cen t a fter 24 h rs  in mobility 

s tudy  11. P resen t s tu d y  corroborates the  re su lts  of Signori and  D euber (1979) 

who noticed h igher leaching of pend im ethalin  in loam y soils th a n  in clay soils.

The presence  of pend im ethalin  a t  different dep ths w as indicated  by 
red u ced /in h ib ited  grow th of ragi seedlings. The d a ta  on fresh  w eight of ragi 

seedlings tak en  on 10th day (Table. 37) were u sed  for b e tte r u n d e rs tan d in g  of 

pend im ethalin  mobility. The Plates. 2 1 . $, 9 andfO illu s tra te  the  ragi seedling 

grow th in th ree  soils w ithou t and  w ith herbicide a t different intervals. The 

germ ination  of ragi seedlings in the  0-7 .5  cm dep th  w as very m uch affected in 
all the soils a t  all the  in tervals supporting  the  re su lts  of chem ical a ssay  of 

pendim ethalin . The fresh  w eight of ragi seedlings were affected to a g rea ter 

ex tent in M udigere soil a t  all the  in tervals w hen com pared to H iriyur and  
M andya soils b ecau se  of low adsorp tion  of pend im ethalin  and  high hydraulic  
conductivity.

In case of b u tach lo r the  grow th of ragi seedlings were affected m ainly in 

0 to 2 or 3 cm depth , w hereas in case of pendim ethalin , it can  be clearly seen 

from the  P lates th a t  germ ination  of ragi seedlings were affected even a t  7.5 to 

15.0 cm dep th  after 24  and  72 h rs  interval. Though h igher pendim ethalin  

residue were noticed a t 0-7 .5  cm depth , th a n  in lower dep ths, the  higher 

inhibition  of ragi seedlings by pendim ethalin  th an  th a t of b u tach lo r m ay be 

a ttr ib u ted  to h igher toxicity of pendim ethalin  to ragi w hich is found to be a very 
sensitive te stin g  system . The d a ta  p resen ted  in Table. 38 an d  the  Plate. 
show  a d ras tic  reduction  in fresh  w eight of ragi seedlings a t 0.5 ppmw. No 

germ ination  w as observed a t  1.0 ppm w in H iriyur soil an d  a t  2 .0  ppm w and  

onw ards in M andya and  Mudigere soils indicating toxicity of pendim ethalin  

residue. T his s tu d y  corroborates the  findings of Leela (1987b), who reported  
th a t ragi w as no t germ inated  even a t low est concen tra tion  im m ediately after 

fluchloralin application  to th e  soil.

The p resen t s tudy  of u sing  ragi as  a  testing  system  to know the 

d istribu tion  of herb icides in different dep ths of soil colum ns revealed th a t ragi



Plate-7. Growth of ragi seedlings in soil columns with 

peidimethalin after 6 hrs (Mobility Study - 1)

Plate-8. Growth of ragi seedlings in soil columns with
pendimethalin after 24 hrs (Mobility Study -1)



Plate-9. Growth of ragi seedlings in soil colum ns^th  

pendimethalin after 72 hrs (Mobility Study - 1)

Plate-10. Growth of ragi seedlings in soil columns with
pendimethalin after 24 hrs (Mobility Study - II)



Plate-11. Growth of ragi seedlings as influenced by graded

concentrations of butachlor

Plate-12. Growth of ragi seedlings as influenced by graded
concentrations of pendimethalin



can be u sed  effectively for pendim ethalin  even a t very low concen tra tions.
However, for b u tach lo r ragi can not be used  for b io-assay  since it w as found to

be very to lerant.

PRACTICAL UTILITY

1. Organic m atte r content of soil influences both adsorption and  degradation 
of herb icides there  by its bioavailability. P resent s tu d y  reveals the 

im portance of organic m atter.

2. Efficiency of any herbicides applied to soil depend on the  residen t time 

of the  herbicide in the  soil. The soil m oistu re  regime determ ines the half 

lives of th ese  two herbicides. The p resen t s tudy  gives an  insigh t to the 

fate of herbicides in the soil w ith respect to m oistu re  regim es.

3. The groundw ater con tam ination  is leas t by these  two herb icides as they 
are  less mobile associated  w ith sh o rt h a lf lives.



SUMMARY



V I. S U M M A R Y

In order to s tu d y  the  in te rac tion  of b u tach lo r [N-(Butyoxy methyl)-2- 
chloro-N-2',6 ’-diethyl acetcaxiUde] and  pendim ethalin  [N-(l-ethyl propyl)-3-4- 
dimethyl-2,6-dinitrobenzene amine] in soils, th ree  soils were selected  nam ely 

Hiriyur (fine mixed isohyperthermic chromic haplusterts-Hirty nr series), M andya 
(fine loamy mixed isohyperthermic typic ustropepts - Mangala series) and  

M udigere (loamy skeletal kaolinitic isothemic ustic kanhaplo humult - Mudigere 
series) so ils of K arnataka . The adsorp tion-desorp tion  of b u ta ch lo r and  

pendim ethalin  in n a tu ra l a s  well a s  organic m a tte r  am ended soils, persistence  

and  degradation  under th ree  different m oistu re  regim es (alrdry, field capacity  

and  subm ergence) and  also  w ith different organic am endm en ts  (FYM an d  paddy 

straw ), and  m obility in soil co lum ns a t  different in tervals were s tud ied  to 

m onitor th e  behav iour of these  herbicides in soils. In order to know the 

im portance of biological degradation, persistence of bu tach lor and  pendim ethalin 

w as m onitored in sterile  and  nonsterile  soils. The sa lien t fea tu res of the p resen t 

investigation are  su m m arised  as  below.

1. A dsorption of b u tach lo r and  pendim ethalin  were m ainly influenced by 
the soil organic carbon  con ten t. A dsorption of bo th  the  herb icides in soils 

decreased in the  order of M andya > H iriyur > M udigere, w hich w as also  the order 

of decreasing  organic carbon  content. Incorporation of soils w ith  two and  four 

per cen t FYM as  organic am endm ent fu rth er increased  the  adsorp tion  of both  
bu tach lo r and  pend im ethalin  in all the soils. However, the  per cen t adsorp tion  
of p end im ethalin  w as higher th a n  th a t of b u tach lo r in all the  soils.

2. F reundlich  equation  provided a  good fit (r^ = 0.9) to the  adso rp tion  d a ta  

of b u tach lo r and  pendim ethalin  on all the  soils. F reundlich c o n s ta n t K values 

for pend im ethalin  w ere higher th an  th ose  of bu tach lo r in all the  soils and  

ranged from 4 .599 to 14.181 for b u tach lo r an d  from 20.179 to 68 .659 for 

pendim ethalin . The addition  of FYM increased  the  K values in all the  soils for 
both the herbicides. The h ighest K values w ere noticed in M andya soil and  the 

lowest in M udigere soil. The values for 1/ n  (slopes) were < l.O fo rb o th  b u tach lo r



and  pend im ethalin  an d  indicated  a  non linear re la tionsh ip  betw een herbicide 

concen tra tion  an d  adsorp tion  and  can  be characterized  as L type of adsorp tion  

isotherm . The sorp tion  coefficients for organic carbon (K J  were higher for 

pendim ethalin  th a n  b u tach lo r in all the  soils and  ranged from 1289 to 1757 for 

bu tach lo r and  5840 to 6726 for pendim ethalin . No definite re la tionsh ip  w as 

observed betw een and  organic carbon con ten t of soils.

3. The cum ulative desorp tion  and  per cen t desorp tion  of b u tach lo r and  

pendim ethalin  increased  w ith increasing  initial concen tra tion  in all the  soils. 
The cum ulative desorp tion  and  per cen t desorp tion  decreased  w ith  the addition 
of FYM in all the  soils. The h ighest cum ulative desorp tion  and  per cent 

adsorp tion  w as noticed in M udigere soil followed by H iriyur an d  M andya soil. 

C um ulative desorp tion  and  per cen t desorp tion  for pend im ethalin  were lower 

th an  b u tach lo r in b o th  am ended and  unam ended  soils.

4. The persistence  of b u tach lo r an d  pendim ethalin  ind icated  a close 

correspondence to first order exponential degradation  k inetics in soils and  

m ainly influenced by soil organic m a tte r and  m oisture. F aster degradation  of 

bu tach lo r w as noticed u n d er field capacity  followed by subm ergence and  airdry 

conditions while, the degradation of pendim ethalin w as faster under subm ergence 

followed by field capacity  and  airdry  conditions in all the  soils.

5. P ersistence of b u tach lo r and  pendim ethalin  w as lower in M andya 

followed by H iriyur an d  M udigere soils u n d e r all m oistu re  regim es. Half lives 
for b u tach lo r u n d e r field capacity  and  subm ergence were 15.05 an d  35.44 days 

in Hiriyur. 12.35 an d  28.48 days in M andya and  20.58 and  39 .20  days in 

M udigere soils respectively. Half lives for pend im ethalin  u n d e r field capacity  

and  subm ergence w ere 48,59 and  13.52 days in Hiriyur, 44.52 and  13.03 days 
in M andya an d  55 .53  and  15.66 days in Mudigere soils respectively. Under field 

capacity, b u tach lo r followed two p h ases  of degradation, while pend im ethalin  

followed two p h ases  of degradation  un d er subm ergence an d  bo th  the phases 

were described by first o rder degradation  kinetics.



6. Addition of FYM and  paddy s traw  h asten ed  the  degradation  of both  

b u tach lo r and  pendim ethalin  un d er bo th  field capacity  and  subm ergence. 

Though the  degradation  of bu tach lo r and  pend im ethalin  w as h igher in paddy 

s traw  th an  in FYM am ended soils, the  per cent degradation  per u n it carbon  of 

FYM w as two to four per cen t h igher th a n  paddy s traw  in  all th e  soils.

7. The persistence  of bu tach lo r and  pendim ethalin  w as h igher in sterile 
soils th a n  in nonsterile  soils u n d e r bo th  field capacity  an d  subm ergence 

indicating  m ajor pa thw ays of degradation  as  m icrobiological. B utachlor 
degradation  w as m ainly due to aerobic and  facultative aerobic m icroorganism s, 

while pend im ethalin  degradation  w as due to anaerobic m icroorganism s.

8. Mobility of pend im ethalin  w as lesser th an  bu tach lo r in  all the  soils a t all 

the in tervals. B utach lor and  pendim ethalin  d istribu tion  w as m axim um  in the 

top 0-7.5 cm in  all the  soil colum ns. Mobility of bo th  b u tach lo r and  

pendim ethalin  w as less in  Hiriyur soil com pared to M andya an d  M udigere soils.

9. The m ajor factors w hich influenced the  m obility of herb icides in soil 

colum ns w ere w ater solubility, adsorption, soil tex ture , q u an tity  of w ater added 

and  hydraulic  conductivity  of soils.

10. Leaching losses of bu tach lo r and  pendim ethalin  were h igher in Mudigere 

soil th a n  in M andya an d  H iriyur soils.

11. Use of ragi a s  a  testing  system  for mobility of herb icides in soil colum ns 
w as found to perform  b e tte r for pend im ethalin  th a n  b u tach lo r in all the  soils. 

Ragi w as sensitive for pendim ethalin  herbicide even a t  0 .5  ppm w  and  can  be 

recom m ended as  a  te s t crop for pendim ethalin  b ioassay , w hereas it w as 

insensitive to b u tach lo r even ac 8 ppmw.

12. The fresh w eight of ragi seedlings w as affected to a  g rea te r ex ten t in the 

0-7.5 cm d ep th  in all the  soils a t all the  in tervals for bo th  b u tach lo r and 

pendim ethalin .
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