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Research O b jectives:

1. To determine the s ig n if ic a n c e  o f h e rb ic ide  leaching in  ir r ig a te d  s o i ls .

2. To determine the importance o f he rb ic id e  degradation ra te  in  the 

f ie ld .

3. To determine the e ffe c ts  o f s o il m oisture on the loss o f v o la t i le  

he rb ic ides .

Degree o f Completion o f  P ro je c t O b je c tive s :

Leaching aspects o f three he rb ic ides  was in ve s tig a te d  fo r  two loca 

tio n s  in  Arkansas by burying he rb ic id e  tre a te d  s o ils  in  open 14-cm long 

sections o f 12.7-cm pvc condu it. A fte r  18 months the ex te n t o f leach ing 

was determined by comparing s o il in  the condu it w ith  s im ila r ly  trea ted  

s o ils  in  which water was not allowed to  pass through the s o il (d e ta ils  are 

presented in  pages 22-26 o f d is s e r ta t io n  I ) .

Factors a ffe c t in g  he rb ic ide  degradation ra te  was in te n s iv e ly  eva luated. 

Considerable new in fo rm a tion  has evo lved; i t  is  a n tic ip a te d  th a t th is  area 

w i l l  produce fo u r papers fo r  p u b lic a tio n  in  re fe reed s c ie n t i f ic  jo u rn a ls  

(d e ta ils  are presented in  pages 32-50 o f the f i r s t  d is s e r ta t io n  and 26-30, 

45-47, and 75-77 o f  the second d is s e r ta t io n ) .

The d is s ip a tio n  o f pend im etha lin , the most v o la t i le  o f the s ix  h e rb i

cides s tud ied , was evaluated using gas chromatography and bioassay detec

t io n  methods. Both la b o ra to ry  and f ie ld  experiments were conducted to 

fu r th e r  evaluate the disappearance o f th is  v o la t i le  h e rb ic id e . (A d e ta ile d  

d iscussion o f these stud ies may be found in  pages 18-30 o f the second 

d is s e r ta t io n . )

Research procedures used in  these stud ies are presented in  a d e ta ile d  

fashion in  the accompanying d is s e rta tio n s .
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L is t in g  o f S ig n if ic a n t Results o r C onclusions:

1. A comparison o f the m o b ility  o f three he rb ic ides  revealed th a t m e tr i-  

buzin would be more l ik e ly  to  leach downward in  the s o il under 

ir r ig a te d  cond itions  than would fluom eturon o r m e to lach lo r.

2. Leaching is  less l ik e ly  to  occur when he rb ic ide s  are in  the top 15 cm 

o f the s o il p r o f i le .  S o il a t the 45-cm depth is  cons iderab ly  less 

adso rp tive .

3. Degradation o f he rb ic ides  is  slower in  the w in te r than in  summer 

months.

4. Degradation o f pendim etha lin was g rea te r in  a s o il where a lte rn a te  

flo o d in g  and d ry ing  treatm ents were used as compared to  a s o il kept 

a t f ie ld  capac ity  o r to  a s o il kept under con tinuous ly  flooded cond i

t io n s .

5. Oxadiazon appeared to  break down r e la t iv e ly  fa s t  as measured by a 

fescue bioassay; however, gas chromatographic analyses revealed th a t 

a considerable amount o f the parent he rb ic ide  was s t i l l  present but 

not a v a ila b le  to the bioassay p la n ts .

P u b lic a tio n s :

The fo llo w in g  l i s t  represents papers th a t have been o r plan to  be 

subm itted to Weed Science fo r  s c ie n t i f ic  p u b lic a tio n  (s ta tu s  is  l is te d  in  

parentheses).

1. Fate o f M e tr ib u z in , M e to lach lo r, and Fluometuron in  S o il.  D.C. 

Bouchard, T .L . Lavy, and D.B. Marx ( In  p ress).

2. E ffec ts  o f  S o il Water Content on Pendimethalin D is s ip a tio n . M.R. 

B a rre tt and T .L. Lavy (In  Departmental Review).

3. E ffec ts  o f S o il Water Content on Oxadiazon D is s ip a tio n . M.R. B a rre tt 

and T.L. Lavy (Paper being re v ise d ).

- 2-



4. A traz ine  D iss ip a tio n  Rates in  Anaerobic and Aerobic S o il M oisture

Regimes. M.R. B a rre tt and T.L. Lavy (Paper in  p re p a ra tio n ). 

D escrip tion  o f P o te n ti al A p p lic a tio n s :

A ll he rb ic ides  are somewhat so lu b le  in  water. An excess use o f water 

fo r  i r r ig a t io n  purposes can re s u lt  in  the downward movement o f he rb ic ides  

in  the s o il p r o f i le .  Subsoils are less a d s o rp tiv e , and a decreased degra

da tion  p o te n tia l e x is ts  when he rb ic ides  move below the top 15 cm. In 

sandy s o i ls ,  o r o th e r areas where extensive  i r r ig a t io n  is  planned, i t  is  

prudent to  attem pt to  choose a h e rb ic id e  w ith  high adso rp tive  capac ity  

and low water s o lu b i l i t y .

I f  a farm er a f te r - th e - fa c t  determ ines th a t he has a h e rb ic id e  c a rry 

over problem , i t  is  poss ib le  to  employ a se ries  o f w e ttin g -d ry in g  cycles to  

enhance the d is s ip a tio n  o f the h e rb ic id e . This p ra c tic e  w i l l  be more 

b e n e fic ia l fo r  some h e rb ic id e -s o il com binations but should be a p ra c tic a l 

s o lu tio n  fo r  many.

This research has c la r i f ie d  the fa c t  th a t water plays a v i t a l  ro le  in  

inc reas ing  the d is s ip a tio n  ra te  o f many o f the p e s tic id e s  which we use to  

achieve our high le v e ls  o f a g r ic u ltu ra l p ro d u c t iv ity .

Acknowledgements:

A pprec ia tion  is  expressed to  D.C. Bouchard and M.R. B a rre tt fo r  th e ir  

in p u ts , enthusiasm, and e f fo r ts  on th is  p ro je c t.
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ABSTRACT

EFFECT OF WATER ON THE FATE OF HERBICIDES IN IRRIGATED SOIL

The wide use o f s o il-a p p lie d  herb ic ides necessita tes an understanding o f 
th e ir  fa te  in  s o il i f  we are to  use them in  the most b e n e fic ia l manner.
A ll he rb ic ides have some degree o f water s o lu b i l i t y  and the f ie ld  p e r fo r
mance o f many are dependent on ample, tim e ly  a v a i la b i l i t y  o f s o il m o isture . 
I t  is  im portant th a t d i f fe r e n t  aspects o f s o il -h e rb ic id e -w a te r in te r 
ac tions be thorough ly  in v e s tig a te d . An excess use o f water fo r  i r r ig a t io n  
purposes can re s u lt  in  the downward movement o f he rb ic ides in  the s o il 
p r o f i le .  Subsoils are less adsorp tive  and a decreased degradation poten
t i a l  e x is ts  when herb ic ides move below the top 15 cm. In sandy s o i ls ,  or 
o the r areas where extensive i r r ig a t io n  is  planned i t  is  prudent to 
attem pt to  choose a h e rb ic ide  w ith  high adsorp tive  capac ity  and low water 
s o lu b i l i t y .  Leaching o f m e trib u z in , m e to lach lo r, and fluom eturon was an 
im portan t d is s ip a tio n  process fo r  each o f the chemicals over the w in te r 
months when degradation was slow. Pendimethalin d is s ip a tio n  was g rea te r 
in  a lte rn a t iv e ly  flooded and d ried  s o il than w ith  s o il water content a t 
1/3 bar tension o r w ith  a continuous f lo o d . In a la b o ra to ry  degradation 
s tudy, over 59% o f the oxadiazon pe rs is te d  a f te r  20 weeks. In a green
house study i t s  b io lo g ic a l a c t iv i t y  was reduced and i t s  pe rs is tence in 
creased when app lied  below the s o il surface.

Lavy, Terry L.
EFFECTS OF WATER ON THE FATE OF HERBICIDES IN IRRIGATED SOILS 
Completion Report WRRC B-057-ARK
KEYWORDS— h e rb ic id e s / fa te /  w a te r/ s o lu b i l i t y /  soi l -h e rb ic id e -w a te r in te r 
a c tio n s / leach ing / degradation / flooded s o ils
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ABSTRACT

The w id e  use  o f  s o i l - a p p l i e d  h e r b ic id e s  n e c e s s i t a te s  an u n d e rs ta n d 

in g  o f  t h e i r  f a t e  i n  th e  s o i l .  The a d s o r p t io n  o f  m e t r ib u z in ,  m e to la c h lo r ,  

and f lu o m e tu ro n  on a T a lo k a  s i l t  loam  and a Roxana s i l t  loam  fro m  th e  

15-cm  and 45-cm  s o i l  d e p th s  was m easured  u s in g  a s o i l  s l u r r y  te c h n iq u e .

The o r d e r  o f  a d s o r p t io n  o f  th e  h e r b ic id e s  was f lu o m e tu ro n  = m e to la c h lo r  > 

m e t r ib u z in .  A d s o r p t i v i t y  o f  th e  s o i l  f ro m  15 cm was g r e a te r  th a n  th e  

s o i l  f ro m  45 cm. The o r d e r  o f  m o b i l i t y  o f  th e  h e r b ic id e s  i n  s o i l  co lum ns 

was m e t r ib u z in  > f lu o m e tu ro n  > m e to la c h lo r .  A l l  h e r b ic id e s  w e re  m ore 

m o b ile  i n  th e  s o i l  f ro m  45 cm th a n  fro m  15 cm. D e g ra d a t io n  o f  th e  h e r b i 

c id e s  i n  c o n s ta n t  te m p e ra tu re  cham bers a t  7 , 15 , 2 3 , and 37 C was in d e 

p e n d e n t o f  i n i t i a l  h e r b ic id e  c o n c e n t r a t io n .  A l l  h e r b ic id e s  d e g ra d e d  m ore 

r a p id l y  w i t h  in c r e a s in g  te m p e ra tu re .  M e t r ib u z in  was m os t l a b i l e  f o l 

low ed  by f lu o m e tu ro n  and m e to la c h lo r  w h ic h  w e re  s i m i l a r l y  p e r s is t e n t  i n  

m ost t r e a tm e n ts .  The t im e  r e q u ir e d  f o r  th e  i n i t i a l  h e r b ic id e  c o n c e n tra 

t i o n  t o  d e c re a s e  b y  50 p e r c e n t  i n  th e  T a lo k a  s i l t  loam  fro m  15 cm a t  23 C 

was 2 .6 ,  9 .4 ,  and 1 0 .1  w eeks f o r  m e t r ib u z in ,  f lu o m e tu r o n ,  and m e to la c h lo r ,  

r e s p e c t iv e ly .  A b u r ie d  h e r b ic id e  e x p e r im e n t d e s ig n e d  to  s tu d y  d e g ra d a 

t i o n  and le a c h in g  o f  th e  h e r b ic id e s  u n d e r f i e l d  c o n d i t io n s  c o r r o b o r a te d  

th e  la b o r a t o r y  w o rk .  I n  th e  b u r ie d  h e r b ic id e  e x p e r im e n t ,  m e t r ib u z in  de

g ra d e d  r a p id l y ,  and m e to la c h lo r  and f lu o m e tu ro n  w e re  m o d e ra te ly  p e r s i s t 

e n t .  D e g ra d a t io n  was s lo w e r  d u r in g  th e  w in t e r  and a t  th e  45-cm  d e p th  f o r  

a l l  h e r b ic id e s .  L e a c h in g  was im p o r ta n t  i n  th e  d is s ip a t io n  o f  a l l  h e r b i 

c id e s ,  e s p e c ia l l y  o v e r  w in t e r  when d e g ra d a t io n  was s lo w .
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INTRODUCTION

S in c e  th e  in c e p t io n  o f  p r i m i t i v e  a g r i c u l t u r e ,  m an’ s d o m e s t ic a te d  

c ro p s  h ave  had t o  com pe te  w i t h  o th e r  le s s  d e s i r a b le  p la n t s  f o r  th e  

l i g h t ,  w a te r ,  and n u t r i e n t s  e s s e n t ia l  f o r  g ro w th .  Somewhere i n  t im e ,  

man d is c o v e re d  th e  e f f i c a c y  o f  re m o v in g  t h i s  c o m p e t i t io n  f ro m  h is  

f i e l d s .  F rom  t h a t  p o in t  man h as  t o i l e d  to  c o n t r o l  th e  g ro w th  o f  w e e ds , 

f i r s t  w i t h  th e  s w e a t o f  h is  b ro w  and a c ru d e  h o e , now w i t h  t r a c t o r - d r a w n  

p lo w s  and s y n t h e t ic  o r g a n ic  h e r b ic id e s .

M odern  h e r b ic id e s  may be d i r e c t l y  a p p l ie d  to  th e  t a r g e t  weed as 

a p o s te m e rg e n c e  t r e a tm e n t  o r  to  th e  s o i l  as a p re e m e rg e n ce  o r  p r e p la n t  

t r e a tm e n t  to  c o n t r o l  th e  w eed. The i n t e r a c t i o n  o f  th e  h e r b ic id e  w i t h  

th e  s o i l  i s  im p o r ta n t  i n  d e te r m in in g  th e  e f f i c a c y  o f  weed c o n t r o l  and 

th e  f a t e  o f  th e  c h e m ic a l i n  th e  e n v iro n m e n t ( 1 , 1 1 , 2 5 , 2 6 , 3 7 , 3 9 ) .  T h e re 

f o r e ,  k n o w le d g e  o f  th e  c h e m ic a l and th e  s o i l  and t h e i r  e f f e c t s  on each 

o th e r  i s  r e q u i s i t e  f o r  s a fe ,  e f f e c t i v e  h e r b ic id e  u s e . T h is  t h e s is  

a t te m p ts  to  add to  t h i s  k n o w le d g e  b y  i n v e s t i g a t i n g  th e  a d s o r p t io n ,  

m o b i l i t y ,  and d e g r a d a t io n  o f  th r e e  s o i l - a p p l i e d  h e r b ic id e s — m e t r ib u z in  

(4 -a m in o -6 - t e r t - b u t y l - 3 - ( m e t h y l t h i o ) - a s - t r i a z i n - 5 ( 4 H ) - o n e ) , m e t o la c h lo r ( 2 -  

c h lo r o - N - ( 2 - e th y l - 6 - m e th y lp h e n y l ) - N - ( 2 - m e th o x y - 1- m e t h y le th y l ) a c e t a m id e ) , 

and f lu o m e tu r o n ( 1 , 1- d im e t h y l - 3 - (α ,α ,α - t r i f l u o r o - m - t o l y l ) u r e a ) . The 

re s e a rc h  p re s e n te d  h e re  in c lu d e s  a b u r ie d  h e r b ic id e  e x p e r im e n t  used to  

s tu d y  d e g r a d a t io n  and le a c h in g  o f  th e  h e r b ic id e s  a t  tw o lo c a t io n s  and 

tw o s o i l  d e p th s ,  and la b o r a t o r y  s tu d ie s  to  a s s e s s  th e  a d s o r p t io n ,  mo

b i l i t y ,  and d e g r a d a t io n  o f  th e  h e r b ic id e s  u n d e r c o n t r o l le d  c o n d i t io n s .

F lu o m e tu ro n  i s  a s u b s t i t u t e d  u re a  h e r b ic id e  used  to  c o n t r o l  s m a ll  

seeded g ra s s e s  and b r o a d le a f  weeds i n  c o t t o n  ( G ossyp ium  h ir s u tu m  L . )  

and s u g a rc a n e  (S accha rum  o f f ic in a r u m  L . ) .  S u b s t a n t ia l  w o rk  has been
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done to  d e s c r ib e  th e  a d s o r p t io n  ( 1 6 ,2 2 ,3 1 ) ,  m o b i l i t y  ( 6 , 1 7 ,2 1 ) ,  and 

d e g ra d a t io n  ( 5 ,1 3 ,2 4 ,2 8 ,3 4 )  o f  f lu o m e tu ro n  i n  th e  s o i l .  H ow eve r, f l u o -  

m e tu ro n  use  i n  A rk a n s a s , th e  n o r th e r n  l i m i t  o f  c o t t o n 's  ra n g e , poses  

some s p e c ia l  p ro b le m s . C o t to n  m us t be  p la n te d  i n  e a r ly  s p r in g  t o  p ro 

v id e  a lo n g  enough g ro w in g  se aso n  f o r  m a tu r a t io n .  C o ld ,  w e t w e a th e r  

and th e  s u b s e q u e n t lo s s  o f  c o t t o n  s ta n d s  o f t e n  r e q u i r e  g ro w e rs  t o  s w it c h  

f o r  a se aso n  to  an a l t e r n a t e  c ro p ,  su ch  as s o y b e a n s , t h a t  can  m a tu re  

i n  a s h o r t e r  t im e .  I n  some in s ta n c e s ,  f lu o m e tu ro n  r e s id u e s  have  been  

s u s p e c te d  o f  b e in g  th e  cause  o f  p o o r  s ta n d  e s ta b l is h m e n t  o f  th e  second  

c ro p  ( 3 3 ) .

M e t r ib u z in  i s  an a s y m m e tr ic a l t r i a z i n e  h e r b ic id e  used  t o  c o n t r o l  

s m a ll  seeded  g ra s s e s  and b r o a d le a f  weeds i n  so ybe a ns  ( G ly c in e  max L . ) ,  

p o ta to e s  ( S o lanum  tu b e ro s u m  L . ) ,  and s u g a rc a n e . M o s t o f  th e  re s e a rc h  

on m e t r ib u z in  has shown i t  t o  be  n o n - p e r s is t e n t  i n  th e  s o i l  ( 1 4 ,2 0 ,3 0 ,  

4 1 ) .  A d s o r p t io n  and m o b i l i t y  s t u d ie s  have  in d ic a t e d  t h a t  m e t r ib u z in  

i s  w e a k ly  a d s o rb e d  on many s o i l s  and i s  m o b ile  ( 1 5 ,2 4 ,3 2 ) .  M o b ile  chem

i c a l s  p ose  p ro b le m s  i n  th e  s o i l  e n v iro n m e n t when th e y  a re  le a c h e d  fro m  

th e  s i t e  o f  a p p l i c a t i o n  to  g ro u n d w a te r  o r  t o  lo w e r  s o i l  d e p th s  w h e re  

d e g r a d a t io n  i s  s lo w e r  ( 1 0 ) .

M e to la c h lo r  i s  a r e l a t i v e l y  new a c e t a n i l i d e  h e r b ic id e  used  to  

c o n t r o l  g ra s s e s  i n  c o rn  ( Zea mays L . ) .  S u b s t a n t ia l  w o rk  has been  done 

w i t h  o th e r  members o f  th e  a c e t a n i l i d e  f a m i ly  ( 3 , 3 5 , 3 8 ) ;  h o w e v e r, few  

p a p e rs  on m e to la c h lo r  have  been  p u b l is h e d ,  and w h a t h ave  been  p u b l is h e d  

have  d e a l t  p r im a r i l y  w i t h  m e t o la c h lo r ' s weed c o n t r o l  e f f i c a c y  and p e r 

s is te n c e  i n  s o i l  ( 7 , 3 5 ) .  A d d i t i o n a l  a d s o r p t io n ,  m o b i l i t y ,  and p e r 

s is te n c e  re s e a r c h  w o u ld  in c r e a s e  o u r  u n d e rs ta n d in g  o f  t h i s  c h e m ic a l.
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MATERIALS AND METHODS

Adsorption. The adsorption of metribuzin, metolachlor, and fluometuron 

on a Taloka s ilt loam from Fayetteville and a Roxana s ilt loam from 

Alma, Arkansas, was evaluated using a soil slurry technique similar to 

that described by Talbert and Fletchall (36). Soils from the 15-cm and 

45-cm depths at both locations were air-dried and passed through a 

495-μm sieve, and 0.5 g of soil was weighed into a 10-ml screw top cen

trifuge tube. The water content by weight, 0 w , of the air-dried soil

was 1% ± 0.5%. Technical grade herbicide solutions spiked with the 14C 

analogs were made up in .01M CaCl2  so that a 5.0-ml aliquot of solution, 

when added to the 0.5 g of soil, would give the following concentrations: 

0.12, 0.25, 0.50, 1.00, 2.00, and 4.00 ppmw. Tables 1 and 2 show the 

properties of the soils and herbicides used. The herbicide solutions 

were added to the soil in the centrifuge tubes, and the tubes were capped 

and placed on a rotary shaker at 6 rpm for 24 hours to allow the soil- 

herbicide system to reach equilibrium. A kinetics study conducted earlier 

had shown that equilibrium was reached by 24 hours. After 24 hours on 

the shaker, the centrifuge tubes were spun at 2000 rpm for 5 minutes, and a 

1-ml aliquot of the supernatant was taken and counted with a Packard 2650 

liquid scintillation spectrometer, utilizing automatic external standard 

ratio determination and a quench curve obtained by counting a set of 

quenched 14C standards. By comparing the activity (dpm/ml) of the super

natant with activity of the in itia l solution, the change in herbicide 

concentration of the solution was determined. The change was assumed to 

be due to adsorption by the soil. To determine the change in solution 

concentration, a standard containing the herbicide solution and no soil 

was used to account for adsorption on the centrifuge tube and cap:
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T a b le  1. C h e m ic a l and p h y s ic a l  p r o p e r t ie s  o f  s o i l s  used i n  s tu d y .

S o i l D e p th pH
C a t io n

exchange
c a p a c i t y

Sand
2 00 0 -5 0y

S i l t
2 -5 0 μ

C la y
< 2 μ

O rg a n ic
m a t te r

(cm) (m e q /100g ) -------------------------- (% )-------------------------------

T a lo k a  s i l t  lo a m , 
f i n e ,  m ix e d , t h e r 
m ic ,  M o l l i c  A lb a -  
a q a l f

15 5 .2 11 2 3 .4 6 7 .5 9 .1 1 .1

45 5 .5 13 2 4 .2 6 2 .0 1 3 .8 0 .7

Roxana s i l t  lo a m , 
c o a r s e - s i l t y ,  
m ix e d , n o n a c id , 
th e r m ic ,  T y p ic  
U d i f lu v e n t

15 6 .8 19 2 2 .0 6 2 .2 1 5 .8 0 .9

45 7 .1 19 3 0 .7 5 4 .7 1 4 .6 0 .5
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T a b le  2 . P r o p e r t ie s  o f  h e r b ic id e s  u se d  i n  s tu d y .

H e r b ic id e
M o le c u la r
w e ig h t

P u r i t y  o f  
t e c h n ic a l  
m a t e r ia l

S p e c i f i c  a c t i v i t y  
o f  14C la b e l l e d  
h e r b ic id e s

P o s i t i o n
o f
la b e l

(%)

M e t r ib u z in 2 1 4 .3 9 9 .6 2 0 . 7 uC i/m g c a r b o n y l C

M e to la c h lo r 2 8 3 .8 9 7 .2 2 6 . 3 uC i/m g u - r i n g

F lu o m e tu ro n 2 3 2 .1 9 9 .6 1 0 .3 uC i/m g u - r in g
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dpm s ta n d a rd  -  dpm e q u i l i b r iu m  s o lu t i o n  = dpm a d s o rb e d  

The s o lu t i o n  a c t i v i t y  was c o n v e r te d  fro m  dpm /m l to  a c tu a l  h e r b ic id e  

c o n c e n t r a t io n ,  and th e  d a ta  w e re  e x p re s s e d  as μm o le s  o f  h e r b ic id e  

a d s o rb e d /k i lo g ra m  o f  s o i l  and μm o le s  o f  h e r b i c i d e / l i t e r  o f  e q u i l i b r iu m  

s o lu t i o n .

A p l o t  o f  th e  am ount o f  h e r b ic id e  a d s o rb e d  v e rs u s  e q u i l i b r iu m  

s o lu t i o n  c o n c e n t r a t io n  a t  c o n s ta n t  te m p e ra tu re  (20  C i n  t h i s  e x p e r i 

m e n t) y ie ld s  an a d s o r p t io n  is o th e r m .  Many re s e a r c h e rs  have  fo u n d  t h a t  

o v e r  a l im i t e d  ra n g e  o f  c o n c e n t r a t io n s  a d s o r p t io n  is o th e rm s  can  be 

a d e q u a te ly  d e s c r ib e d  b y  th e  F r e u n d l ic h  e q u a t io n  ( 2 , 4 , 2 3 ,3 1 ) :

x /m  = KC1/n

In  t h i s  e q u a t io n  x  i s  th e  am ount o f  c h e m ic a l a d s o rb e d  p e r  u n i t  w e ig h t  

o f  a d s o rb e n t  m, C i s  th e  e q u i l i b r iu m  s o lu t i o n  c o n c e n t r a t io n  o f  th e  

c h e m ic a l,  and K and n  a re  c o n s ta n ts .  The F r e u n d l ic h  e q u a t io n  i s  m ore 

e a s i l y  v is u a l i z e d  i n  th e  l i n e a r  fo rm  b y  t a k in g  th e  lo g a r i th m  o f  b o th  

s id e s  o f  th e  e q u a t io n :

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

I n  a p l o t  o f  lo g x /m  v e rs u s  lo g C , 1 /n  i s  th e  s lo p e  o f  th e  is o th e rm  and 

lo g K  i s  th e  y  i n t e r c e p t .  T h e r e fo r e ,  th e  v a lu e  o f  K re p r e s e n ts  th e  

am ount o f  c h e m ic a l a d s o rb e d  a t  u n i t  c o n c e n t r a t io n  o f  th e  e q u i l i b r iu m  so 

l u t i o n .  The K v a lu e s ,  o r  d i s t r i b u t i o n  c o e f f i c i e n t s ,  a re  u s e f u l  param 

e te r s  t o  com pare  th e  a d s o r p t io n  o f  s o i l - h e r b i c i d e  s y s te m s . The h ig h e r  

th e  K v a lu e ,  th e  g r e a te r  th e  d e g re e  o f  a d s o r p t io n .  The s lo p e  o f  a d s o rp 

t i o n  is o th e r m s ,  1 /n ,  has o f t e n  been  fo u n d  to  be e q u a l to  one ( 8 , 2 7 ) .  I n  

t h i s  e x p e r im e n t th e  d a ta  w e re  te s te d  to  see w h e th e r  th e y  f i t  th e  F re u n d 

l i c h  e q u a t io n ,  1 /n  was te s te d  f o r  d iv e rg e n c e  fro m  u n i t y ,  and K v a lu e s  

w e re  com pared  u s in g  th e  New m an-Keuls t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s .

7



Mobility in soil columns

A soil column study was conducted to compare the mobilities of 

metribuzin, metolachlor, and fluometuron in a Taloka s ilt  loam from 

the 15-cm and 45-cm soil depths and a Roxana s il t  loam from the same 

depths. Soil columns were constructed from 2.5-cm long sections of 

2.5-cm i.d. plexiglass tubing (0.6-cm wall thickness). Lanolin was 

used to waterproof the joints between sections and seven sections were 

joined with duct tape to form an 18.0-cm long column. The column base, 

a 5.0-cm flat section (0.3 cm thick) of plexiglass with three 0.3-cm 

diameter drilled holes, was permanently bonded to a section of column.

A piece of Whatman #1 filte r paper was used to cover the base plate 

holes, and 15 g of air-dried soil (0 w = 1%) was placed in the bottom 

section of the column. All soil was air dried and passed through a 

0.5-mm sieve before use. The 15 g of soil was treated with a 5.0-ml 

aliquot of methanolic herbicide solution to give a concentration of 

1 ppmw. Technical grade herbicides were used to prepare the solutions 

which were spiked with the 14C herbicide analogs to give an activity

of 20,000 dpm/ml. The methanol was allowed to evaporate for 24 hours 

before the columns were uniformly filled with 105 g of untreated soil. 

The average soil bulk densities in the columns for the Taloka s ilt  

loam from the 15-cm and 45-cm depths were 1.40 and 1.45 g/cm3, respec

tively. For the Roxana soil from the 15-cm and 45-cm depths the average

soil bulk densities were 1.34 and 1.38 g/cm3, respectively. Two repli

cated columns were prepared for each soil-herbicide combination.

The bases of the columns were immersed 0.5 cm deep in 500 ml of 

water in 1-liter beakers. The beakers and bottom halves of the columns 

were then enclosed in polyethylene bags to ensure that all water loss
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f r om th e  s y s te m  w o u ld  be f ro m  w a te r  t h a t  had moved up th r o u g h  th e  

s o i l  and e v a p o ra te d  f ro m  th e  to p s  o f  th e  c o lu m n s . The co lu m n s  w ere  

p la c e d  i n  a hood w i t h  a i r  s w e e p in g  l i g h t l y  a c ro s s  th e  to p s .  A f t e r  

48 h o u rs ,  th e  co lu m n s  w e re  s e c t io n e d ,  and s o i l  i n  each  s e c t io n  was 

h o m og e n ize d  by  m a n u a lly  m ix in g  th e  s o i l  i n  a p e t r i  d is h .  Two 2 -g  

sa m p les  f ro m  e a ch  s e c t io n  w e re  added  d i r e c t l y  t o  15 m l o f  d io x a n e  

c o u n t in g  s o lu t i o n  (7  g PPO, 50 mg POPOP, 100 g n a p th a le n e ,  1000 m l 

d io x a n e )  i n  a 2 0 -m l g la s s  s c i n t i l l a t i o n  v i a l .  The v i a l s  w e re  sh ake n  

on a r o t a r y  s h a k e r  a t  150 rpm  f o r  one h o u r .  The s o i l  p a r t i c l e s  w e re  

a l lo w e d  t o  s e t t l e  f o r  24 h o u rs ,  and  th e n  th e  sa m p le s  w e re  c o u n te d  

w i t h  a P a c k a rd  T r i - C a r b  2650 l i q u i d  s c i n t i l l a t i o n  s p e c t ro m e te r  u t i l i z 

in g  a u to m a t ic  e x t e r n a l  s ta n d a r d  r a t i o  d e te r m in a t io n  and a s o i l - a c e to n e  

q ue n ch  c u rv e .  T h is  m e thod  o f  d i r e c t  s o i l  c o u n t in g  has been  d e s c r ib e d  

by L a v y  ( 1 9 ) .

The dpm p e r  c o lu m n  w e re  n o r m a liz e d  so t h a t  th e  sum o f  a c t i v i t y  i n  

th e  se ven  c o lu m n  s e c t io n s  e q u a l le d  o n e . The n o r m a liz e d  v a lu e s  w e re  

w e ig h te d  by  m u l t i p l y i n g  b y  th e  num bers one th r o u g h  s e v e n , one f o r  th e  

s e c t io n  t h a t  c o n ta in e d  th e  i n i t i a l l y  t r e a t e d  s o i l  (b o t to m  o f  th e  co 

lu m n ) , tw o  f o r  th e  a d ja c e n t  s e c t io n ,  and up th r o u g h  se ven  f o r  th e  to p  

s e c t io n  o f  th e  c o lu m n . The sum o f  th e  w e ig h te d  v a lu e s  f o r  each  h e r 

b i c i d e - s o i l  c o m b in a t io n  may be d e s ig n a te d  as th e  m o b i l i t y  f a c t o r  f o r  

t h a t  c o m b in a t io n  as d e s c r ib e d  by  H a r r i s  who d e v e lo p e d  t h i s  m e thod  ( 9 ) .  

The ra n g e  o f  m o b i l i t y  f a c t o r s  p o s s ib le  i n  t h i s  e x p e r im e n t  was one 

(no  m ovem ent) to  se ven  (maximum m o v e m e n t).

The e f f e c t s  o f  s o i l  m o is tu r e  on th e  e x t r a c t i o n  o f  h e r b ic id e  fro m  

s o i l  u s in g  th e  d i r e c t  s o i l  c o u n t in g  te c h n iq u e  used  i n  th e  co lu m n  s tu d y  

w e re  d e te rm in e d .  I n  t h i s  e x p e r im e n t ,  2 g o f  a i r - d r i e d  s o i l  was w e ig h e d
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i n t o  s c i n t i l l a t i o n  v i a l s ,  and a 0 .5 - m l a l i q u o t  o f  14C s p ik e d  m e th a n o l ic  

h e r b ic id e  s o lu t i o n  was p ip e t t e d  o n to  th e  s o i l  to  g iv e  a c o n c e n t r a t io n  

o f  1 ppmw. The m e th a n o l was a l lo w e d  to  e v a p o ra te  f o r  24 h o u r s ,  and 

th e n  w a te r  was added to  g iv e  a 6 o f  1% (n o  w a te r  a d d e d ) ,  26% ( 0 .5  m l 

w a te r  a d d e d ) ,  and 51% ( 1 .0  m l w a te r  a d d e d ) .  The s o i l - w a t e r - h e r b ic id e  

s y s te m s  w e re  a l lo w e d  to  e q u i l i b r a t e  f o r  24 h o u r s ,  th e n  15 m l o f  d io x 

ane c o u n t in g  s o lu t i o n  was p ip e t t e d  i n t o  th e  v i a l s ,  and th e  sa m p le s  w e re  

c o u n te d  as i n  th e  co lu m n  s tu d y .  The e x t r a c t i o n  e f f i c i e n c y  was d e t e r 

m in e d  b y  d i v i d i n g  f i n a l  dpm o f  th e  sa m p le  b y  i n i t i a l  dpm and m u l t i p l y 

in g  b y  100.
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D e g ra d a t io n  a t  c o n s ta n t  te m p e ra tu re

An e x p e r im e n t  was s e t  up to  s tu d y  th e  e f f e c t s  o f  te m p e ra tu re ,  

a u to c la v in g  o f  s o i l ,  and i n i t i a l  h e r b ic id e  c o n c e n t r a t io n  on th e  deg

r a d a t io n  r a t e  o f  m e t r ib u z in ,  m e to la c h lo r ,  and f lu o m e tu r o n .  T a lo k a  

s i l t  lo a m  f ro m  th e  15-cm  and 45 -cm  s o i l  d e p th s  was p a sse d  th ro u g h  a 

1 .0 -c m  s ie v e .  S o i l  a l i q u o t s  w e ig h in g  650 g w e re  p la c e d  i n  d o u b le d  

p o ly e th y le n e  bags  and t r e a t e d  w i t h  10 m l o f  aqueous h e r b ic id e  s o lu 

t i o n  t o  g iv e  th e  f o l lo w in g  c o n c e n t r a t io n s :  m e t r ib u z in  a t  0 .3  and 

0 .6  ppmw; m e to la c h lo r  a t  5 .0  and 1 0 .0  ppmw; and f lu o m e tu ro n  a t  0 .5  

and 1 .0  ppmw. C o n t r o ls  t r e a t e d  w i t h  10 m l o f  d i s t i l l e d  w a te r  w e re  

a ls o  in c lu d e d .  The bags c o n t a in in g  th e  s o i l s  w e re  th e n  sh a ke n  by  

hand to  e v e n ly  d i s t r i b u t e  th e  h e r b ic id e s  i n  th e  s o i l s .  A f t e r  t r e a t 

m e n t, th e  θ w o f  th e  s o i l s  was 15%. The p o ly e th y le n e  bags w e re  th e n  

s e a le d  w i t h  t w i s t  t i e s  and p la c e d  i n  c o n s ta n t  te m p e ra tu re  cham bers 

a t  7 , 15 , 2 3 , and 37 C. A s e t  o f  s o i l  sa m p les  t h a t  had been  s team  

a u to c la v e d  a t  107 C and 20 p s i  f o r  2 h o u rs  p e r  day o v e r  4 days  b e fo r e  

t r e a tm e n t  w i t h  h e r b ic id e  s o lu t i o n  w e re  in c lu d e d  i n  th e  23 C t r e a tm e n ts .

The s o i l s  w e re  ch e cke d  p e r i o d i c a l l y  f o r  changes  i n  θ w , and w a te r  

was added when needed  t o  m a in ta in  th e  s o i l s  a t  th e  i n i t i a l  w a te r  co n 

t e n t .  A f t e r  4 , 2 , o r  1 m o n th , th e  s o i l s  w e re  rem oved and a n a ly z e d  

f o r  h e r b ic id e  r e s id u e s .  A l l  a n a ly s e s  f o r  h e r b ic id e  r e s id u e s  w e re  

p la n t  b io a s s a y s  g row n  f o r  30 d ays  i n  a g re e n h o u s e . The 650 g o f  s o i l  

was rem oved fro m  th e  p o ly e th y le n e  bags and p la c e d  i n  1 - q u a r t  p l a s t i c  

p o ts  w i t h  i n d i v i d u a l  s a u c e r s . The use  o f  i n d i v id u a l  s a u c e rs  a llo w e d  

f o r  a l t e r n a t e  s u b i r r i g a t i o n  and to p  w a te r in g  o f  th e  b io a s s a y  p la n t s  

w i t h o u t  c ro s s  c o n ta m in a t io n  o f  t r e a tm e n ts .  The m e t r ib u z in  and f l u o 

m e tu ro n  t r e a tm e n ts  w e re  p la n te d  w i t h  s i x  cucum ber ( Cucum is s a t iv a s  L . )
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seeds  and th in n e d  to  f o u r  p la n t s  a f t e r  e m e rg e n ce . The m e to la c h lo r  

t r e a tm e n ts  w e re  p la n te d  w i t h  f i f t e e n  p e a r l  m i l l e t  ( P e n n is e tu m  

ty p h o id e s  B u rm .) se ed s  and th in n e d  t o  te n  p la n t s  a f t e r  e m e rg e n ce .

H a l f  o f  th e  c o n t r o ls  w e re  p la n te d  t o  cu cum be r and h a l f  t o  p e a r l  m i l l e t .  

S ta n d a rd  c u rv e s  w e re  p re p a re d  b y  p l o t t i n g  p la n t  d r y  w e ig h t  v e rs u s  h e r b i 

c id e  c o n c e n t r a t io n  ( F ig u r e  1 ) .  An in d e x  o f  v i s u a l  r a t i n g s  was a ls o  p re 

p a re d  b y  r e l a t i n g  ty p e  and d e g re e  o f  p la n t  i n j u r y  t o  h e r b ic id e  c o n c e n tr a 

t i o n  (T a b le  3 ) .  Each t im e  t h a t  b io a s s a y  p la n t s  w e re  g ro w n , s ta n d a r d s  a t  

z e ro  c o n c e n t r a t io n  o f  h e r b ic id e  ( c o n t r o l s )  and  a t  th e  c o n c e n t r a t io n  t h a t  

gave  GR50 w e re  in c lu d e d  t o  m o n i to r  a n y  ch a n g e s  i n  th e  o r i g i n a l  s ta n d a r d  

c u rv e  and v i s u a l  r a t i n g  in d e x  due t o  ch a n g e s  i n  th e  g re e n h o u s e  e n v i r o n 

m en t a t  d i f f e r e n t  t im e s  o f  th e  y e a r .  To d e te rm in e  th e  c o n c e n t r a t io n  o f  

h e r b ic id e  i n  a s a m p le , a c o m p o s ite  m e a su rem e n t was o b ta in e d  u s in g  th e  

v i s u a l  r a t i n g  o f  th e  p la n t s  and p la n t  d r y  w e ig h t .  R e la t in g  th e  v i s u a l  

r a t i n g  and p la n t  d r y  w e ig h t  t o  th e  a p p r o p r ia t e  v i s u a l  r a t i n g  in d e x  and 

s ta n d a r d  c u rv e  y ie ld e d  tw o  c o n c e n t r a t io n  v a lu e s  w h ic h  w e re  a v e ra g e d . The 

d a ta  w e re  e x p re s s e d  i n  f i n a l  fo rm  as a p l o t  o f  h e r b ic id e  c o n c e n t r a t io n  

v e rs u s  t im e .  The t im e  n e c e s s a ry  f o r  th e  i n i t i a l  h e r b ic id e  c o n c e n t r a t io n  

to  d e c re a s e  b y  50 p e r c e n t  was d e te rm in e d  g r a p h ic a l l y  and th e s e  v a lu e s  

w e re  com pared  u s in g  th e  N ew m an-K eu ls  t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s .
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P L A N T  DRY WEIGHT IN GRAMS

F ig u re  1. S ta n d a rd  c u rv e  r e la t i n g  p la n t  d ry  w e ig h t  to  f lu o m e tu ro n  
c o n c e n tr a t io n  in  T a lo k a  s i l t  loam  fro m  th e  15-cm s o i l  d e p th .
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T a b le  3 . V is u a l  r a t i n g  in d e x  o f  f lu o m e tu r o n  i n j u r y  on cucum be r i n  
T a lo k a  s i l t  lo a m  f ro m  th e  15-cm  s o i l  d e p th .

F lu o m e tu ro n
c o n c e n t r a t io n

(ppmw)

0 no  e f f e c t s

0 .0 3 v e r y  s l i g h t  (< 1mm) m a r g in a l  c h lo r o s i s  on o ld e s t  le a v e s

0 .0 6 s l i g h t  ( 1-2mm) m a r g in a l  c h lo r o s i s  on  o ld e s t  le a v e s

0 .1 2 m o d e ra te  ( 2 - 3mm) m a r g in a l  c h lo r o s i s  on o ld e s t  le a v e s

0 .2 5 m o d e ra te  m a r g in a l  c h lo r o s i s  on  o ld e s t  le a v e s ,  s l i g h t  
c h lo r o s i s  on  y o u n g e s t le a v e s

0 .5 0 s e v e re  (p e rm e a te s  e n t i r e  l e a f )  c h lo r o s i s  o f  a l l  le a v e s ,  
s e v e re  s t u n t in g  o f  g ro w th

1 .0 0 t o t a l  k i l l  o f  p la n t  b e fo r e  f i r s t  t r u e  l e a f  fo rm s
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B u r ie d  h e r b ic id e  s tu d y

A b u r ie d  h e r b ic id e  s tu d y  was c o n d u c te d  f ro m  O c to b e r ,  1978 , to  

O c to b e r ,  1980 , to  in v e s t i g a t e  th e  e f f e c t s  o f  g e o g ra p h ic  lo c a t i o n  and 

s o i l  d e p th  on th e  d e g r a d a t io n  and le a c h in g  o f  m e t r ib u z in ,  m e to la c h lo r ,  

and f lu o m e tu r o n .  T a lo k a  s i l t  loam  fro m  F a y e t t e v i l l e  and Roxana s i l t  

loam  fro m  A lm a , A rk a n s a s , w e re  ta k e n  fro m  th e  15-cm  and 45-cm  s o i l  d e p th s  

and p asse d  th ro u g h  a 1 .0 -c m  s ie v e .  A l iq u o t s  o f  th e  s o i l s  w e ig h in g  

650 g ( o . d .  b a s is )  w e re  p la c e d  i n  13x8x30-cm  p o ly e th y le n e  bags and 

t r e a te d  w i t h  a 10- m l  a l i q u o t  o f  h e r b ic id e  s o lu t i o n  to  g iv e  th e  f o l lo w 

in g  c o n c e n t r a t io n s  i n  th e  15-cm  and 45 -cm  s o i l s ,  r e s p e c t i v e ly — m e t r i 

b u z in  a t  0 .3  and 0 .2  ppmw, m e to la c h lo r  a t  10 .0  and 6 .7  ppmw, and f l u o 

m e tu ro n  a t  1 .0  and 0 .7  ppmw. U n d e r f i e l d  c o n d i t io n s  th e  c o n c e n t r a t io n  

o f  h e r b ic id e  w o u ld  u s u a l ly  be lo w e r  a t  th e  45-cm  s o i l  d e p th  th a n  a t  

th e  15-cm  d e p th ;  t h e r e f o r e ,  th e  s o i l  f ro m  th e  45-cm  d e p th  was t r e a te d  

a t  2 /3  th e  r a t e  o f  th e  s o i l  f ro m  15 cm. S o i l  n o t  t r e a te d  w i t h  h e r b i 

c id e  ( c o n t r o l s )  was t r e a t e d  w i t h  10 m l o f  d i s t i l l e d  w a te r .  The θ w o f  

th e  s o i l s  a f t e r  t r e a tm e n t  w e re  12% and 14% f o r  th e  T a lo k a  s o i l  f ro m  

15 cm and 45 cm and 10% and 12% f o r  th e  Roxana s o i l  f ro m  15 cm and 

45 cm. The s o i l s  w e re  m o is t  a t  t h i s  w a te r  c o n te n t .  A f t e r  a d d i t io n  

o f  th e  h e r b ic id e  s o lu t i o n  o r  d i s t i l l e d  w a te r  to  th e  s o i l  i n  th e  b a g s , 

th e  bags w e re  shaken  b y  hand to  d i s t r i b u t e  e v e n ly  th e  h e r b ic id e  o r  

w a te r  th r o u g h o u t  th e  s o i l .

The t r e a t e d  s o i l s  and c o n t r o ls  w e re  p la c e d  i n  q u a r t - s i z e  Mason 

c a n n in g  j a r s  and s i t u a t e d  i n  a h o r i z o n t a l  p o s i t i o n  i n  th e  s id e  o f  a 

f r e s h l y  dug s o i l  p i t .  The p i t  was dug 1 .5  m deep and 1 .5  m w id e  so 

t h a t  a p o s t  h o le  d ig g e r  c o u ld  be used  to  d r i l l  h o le s  i n  th e  s id e s  o f  

th e  p i t  t o  accom m odate th e  j a r s .  Each s o i l  t r e a tm e n t  was b u r ie d  a t
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th e  same d e p th  f ro m  w h ic h  th e  s o i l  cam e, 15 cm o r  45 cm. The h o r iz o n 

t a l  o r i e n t a t i o n  o f  th e  j a r s  a l lo w e d  th e  t r e a t e d  s o i l  t o  be  e xpo se d  to  

th e  e n v iro n m e n t o f  th e  i n  s i t u  s o i l ,  b u t  w o u ld  n o t  a l lo w  w a te r  m o v in g  

th r o u g h  th e  i n  s i t u  s o i l  t o  le a c h  th e  t r e a t e d  s o i l .  T h u s , th e s e  t r e a t 

m e n ts  p e r m i t t e d  s tu d y  o f  h e r b ic id e  d e g r a d a t io n  i n  th e  f i e l d  i n  th e  

a bse n ce  o f  le a c h in g .

T re a te d  s o i l  and c o n t r o ls  w e re  a ls o  p la c e d  i n  1 4 .0 -c m  lo n g  s e c 

t io n s  o f  1 2 .7 -c m  d ia m e te r  p v c  c o n d u i t  s e a le d  a t  one end w i t h  a perm e

a b le  f i b e r g la s s  s c re e n .  A la y e r  o f  sand  was p la c e d  on to p  o f  th e  

t r e a t e d  s o i l  i n  th e  p v c  c o n ta in e r s  t o  p r e v e n t  m ix in g  w i t h  th e  i n  s i t u  

s o i l .  T hese  c o n ta in e r s  w e re  b u r ie d  n e a r  th e  Mason j a r  d e g r a d a t io n  

t r e a tm e n ts  i n  a v e r t i c a l  p o s i t i o n  i n  15-cm  and  45-cm  deep h o le s  dug 

w i t h  a p o s t  h o le  d ig g e r .  The c o n s t r u c t io n  and o r i e n t a t i o n  o f  th e  p vc  

c o n ta in e r s  a l lo w e d  th e  t r e a t e d  s o i l  t o  be e xposed  to  th e  e n v iro n m e n t 

o f  th e  i n  s i t u  s o i l  and a ls o  a l lo w e d  w a te r  m o v in g  th ro u g h  th e  i n  s i t u  

s o i l  t o  le a c h  th e  t r e a t e d  s o i l .  T h e r e fo r e ,  th e s e  t r e a tm e n ts  p e r m it t e d  

s tu d y  o f  h e r b ic id e  d i s s i p a t i o n  i n  th e  f i e l d  due to  b o th  d e g r a d a t io n  

and le a c h in g .

F o u r c o m p le te  s e ts  o f  d e g r a d a t io n  and d e g r a d a t io n  and le a c h in g  

t r e a tm e n ts  w e re  b u r ie d  a t  each  l o c a t i o n  i n  O c to b e r ,  1978 , and i n  M ay, 

1979 , u s in g  a ra n d o m iz e d  c o m p le te  b lo c k  d e s ig n  and f o u r  r e p l i c a t i o n s .

I n  t o t a l ,  th e  s tu d y  in c lu d e d  512 d e g r a d a t io n  t r e a tm e n ts  i n  Mason j a r s  

and 512 d e g r a d a t io n  and le a c h in g  t r e a tm e n ts  i n  p v c  c o n ta in e r s .  The 

O c to b e r  t r e a tm e n ts  w e re  dug up and th e  s o i l  a n a ly z e d  f o r  h e r b ic id e  

r e s id u e s  i n  M a rc h , M ay, and O c to b e r ,  1979 , and i n  O c to b e r ,  1980. These 

t r e a tm e n ts  a l lo w e d  f o r  e x a m in a t io n  o f  d e g r a d a t io n  and le a c h in g  o f  th e  

h e r b ic id e s  o v e r  a tw o -y e a r  p e r io d .  The May t r e a tm e n ts  w e re  dug up

16



and a n a ly z e d  d u r in g  f o u r  s u c c e s s iv e  summer m on ths  -  J u n e , J u ly ,

A u g u s t,  and S e p te m b e r. These t re a tm e n ts  a llo w e d  f o r  m o n th ly  exam ina 

t i o n  o f  d e g ra d a t io n  and le a c h in g  o f  th e  h e r b ic id e s  o v e r  th e  c o u rs e  o f  

a g ro w in g  s e a s o n . A l l  a n a ly s e s  f o r  h e r b ic id e  re s id u e s  w e re  b y  p la n t  

b io a s s a y  as d e s c r ib e d  i n  th e  d e g ra d a t io n  a t  c o n s ta n t  te m p e ra tu re  s tu d y .  

The d a ta  w e re  a ls o  h a n d le d  i n  th e  same w ay.

17



RESULTS AND DISCUSSION

A d s o r p t io n

S t a t i s t i c a l  a n a ly s is  o f  th e  d a ta  in d ic a t e d  t h a t  th e  a d s o r p t io n  

is o th e rm s  w e re  l i n e a r  and t h a t  th e  s lo p e s  o f  th e  is o th e rm s  d id  n o t  

d i f f e r  s i g n i f i c a n t l y  f ro m  o n e . The K v a lu e s ,  o r  d i s t r i b u t i o n  c o 

e f f i c i e n t s ,  c o m p a r in g  a d s o r p t io n  o f  th e  s o i l - h e r b i c i d e  sys te m s  a re  

c o n ta in e d  i n  T a b le  4 .

F o r a l l  h e r b ic id e s  a d s o r p t io n  was g r e a t e s t  on th e  Roxana s i l t  

lo a m  f ro m  15 cm fo l lo w e d  b y  a d s o r p t io n  on th e  T a lo k a  s o i l  f ro m  15 cm. 

The one  e x c e p t io n  was m e to la c h lo r  w h ic h  was a d s o rb e d  e q u a l ly  on  th e  

Roxana s o i l  f ro m  45 cm and th e  T a lo k a  s o i l  f ro m  15 cm. The lo w e r  

a d s o r p t i v i t y  o f  th e  s o i l s  f ro m  th e  45 cm d e p th  i s  c o n s is t e n t  w i t h  th e  

lo w e r  o r g a n ic  m a t te r  c o n te n t  a t  th e s e  s o i l  d e p th s .  S o i l  o r g a n ic  m a t te r  

has been  fo u n d  to  be h ig h l y  c o r r e la t e d  w i t h  th e  a d s o r p t iv e  c a p a c i t y  

o f  many s o i l s  ( 8 , 1 1 ) .  L iu  and C ib e s -V ia d e  fo u n d  o r g a n ic  m a t te r  to  

be th e  m o s t im p o r ta n t  in f lu e n c e  on a d s o r p t io n  o f  m e t r ib u z in  and f l u o 

m e tu ro n  f o l lo w e d  b y  c a t io n  e xch a n g e  c a p a c i t y  ( 2 2 ) .  C ib a -G e ig y  r e p o r t s  

t h a t  m e to la c h lo r  i s  r e a d i l y  a d s o rb e d  b y  s o i l  o r g a n ic  m a t te r  (C ib a -  

G e ig y  C o r p . , G re e n s b o ro , N . C . ) .  The h ig h e r  a d s o r p t i v i t y  o f  th e  Roxana 

s o i l  f ro m  15 cm f o r  a l l  h e r b ic id e s  and th e  R oxana s o i l  f ro m  45 cm f o r  

m e to la c h lo r  was u n e x p e c te d  due to  th e  h ig h e r  o r g a n ic  m a t te r  c o n te n t  

o f  th e  T a lo k a  s o i l .  H o w e ve r, th e  d i f f e r e n c e  i n  o r g a n ic  m a t te r  was 

s l i g h t ,  so t h a t  th e  h ig h e r  a d s o r p t i v i t y  o f  th e  Roxana s o i l  m ig h t  be 

e x p la in e d  b y  i t s  h ig h e r  c a t io n  e xcha n ge  c a p a c i t y  and b y  d i f f e r e n c e s  in  

th e  ty p e  o f  c la y .

M e t r ib u z in  was a d s o rb e d  l e a s t  o f  th e  th r e e  h e r b ic id e s  and w o u ld  

be e x p e c te d  to  be  m o b ile  i n  th e  T a lo k a  and Roxana s o i l s .  The ra n g e  o f
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T a b le  4 . D is t r i b u t io n  c o e f f i c ie n t s a f o r  m e t r ib u z in ,  m e to la c h lo r ,  and f lu o m e tu ro n
in  T a lo ka  s i l t  loam  and Roxana s i l t  loam  fro m  th e  15-cm and 45-cm  s o i l  d e p th s .b

H e rb ic id e s

S o i ls D epth m e t r ib u z in m e to la c h lo r f lu o m e tu ro n

(cm) K N K N K N r 2

T a lo ka  s i l t  loam 15 0 .4 8  b 0 .9 1 0 .9 7 1 .15  e 0 .8 7 0 .9 7 1 .42  f 0 .9 0 0 .9 9

45 0 .3 3  a 0 .8 5 0 .91 0 .5 7  c 0 .9 3 0 .9 6 0 .7 4  d 0 .8 9 0 .9 6

Roxana s i l t  loam 15 0 .6 6  cd 0 .8 9 0 .9 8 1 .82  g 0 .8 8 0 .9 9 1 .69  g 0 .9 2 0 .9 8

45 0 .3 1  a 0 .9 1 0 .9 3 1 .26  e f 0 .9 9 0 .9 9 0 .6 5  cd 0 .9 5 0 .98

aDi s t r i b u t i o n  c o e f f i c ie n t  = adsorbed  h e r b ic id e  ( μm o le s /k g  s o i l )  a t  u n i t  c o n c e n tra t io n  o f  
e q u i l ib r iu m  s o lu t io n  (1 .0  μm o la r s o lu t io n ) .

bA verage  o f  th re e  r e p l i c a t i o n s .  V a lu e s  fo l lo w e d  by th e  same l e t t e r  a re  n o t  s ig n i f i c a n t l y  
d i f f e r e n t  a t  th e  5% le v e l  u s in g  th e  Newman-Keuls t e s t .
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K v a lu e s  f o r  m e t r ib u z in  was c o n s is t e n t  w i t h  S a va g e ’ s r e s u l t s  i n  1976 ( 2 9 ) .  

M e t r ib u z in  h as  been  shown to  be a d s o rb e d  le s s  th a n  a t r a z in e  ( 1 5 ) .  Many 

o f  th e  m echan ism s t h a t  h a ve  been  p ro p o s e d  to  e x p la in  th e  a d s o r p t io n  o f  

s - t r i a z i n e s  on  o r g a n ic  and  m in e r a l  c o l l o i d s  in v o lv e  p r o t o n a t io n  o f  th e  

w e a k ly  b a s ic  s - t r i a z i n e  m o le c u le s  ( 8 , 4 0 ) .  M e t r ib u z in  i s  a w e a k e r b a s e , 

pK = 1 ( 1 5 ) ,  th a n  a ny  s - t r i a z i n e  so  th e s e  m echan ism s w o u ld  n o t  be  e x p e c te d  

to  be  as im p o r t a n t  i n  th e  a d s o r p t io n  o f  m e t r ib u z in .  A ls o ,  m e t r ib u z in 's  

r e l a t i v e l y  h ig h  w a te r  s o l u b i l i t y ,  1220 ppm a t  20 C ( 4 2 ) ,  means t h a t  w a te r  

w i l l  co m p e te  s t r o n g ly  w i t h  th e  a d s o rb e n t  f o r  m e t r ib u z in ,  th u s  d e c r e a s in g  

th e  am ount o f  m e t r ib u z in  i n  th e  a d s o rb e d  p h a s e .

F lu o m e tu ro n  was a d s o rb e d  m ore  th a n  m e t r ib u z in  on  a l l  f o u r  s o i l s  

and  m ore  th a n  m e to la c h lo r  on  th e  T a lo k a  s o i l s .  H o w e ve r, th e  r e l a t i v e l y  

lo w  K v a lu e s  f o r  f lu o m e tu r o n  i n d i c a t e  t h a t  f lu o m e tu r o n  w o u ld  a ls o  be 

m o b ile  i n  th e  T a lo k a  and R oxana s o i l s .  The ra n g e  o f  K v a lu e s  f o r  f l u o 

m e tu ro n  was c o n s is t e n t  w i t h  th e  r e s u l t s  o f  o th e r  w o rk e rs  ( 3 1 ) .  The 

a d s o r p t io n  o f  f lu o m e tu r o n  may be a c c o u n te d  f o r  i n  p a r t  b y  f lu o m e tu r o n 's  

h y d ro p h o b ic  n a tu r e  as e v id e n c e d  b y  i t s  lo w  w a te r  s o l u b i l i t y ,  90 ppm a t  

25 C ( 4 2 ) .  I n  s o i l ,  f lu o m e tu r o n  w i l l  be p r e s e n t  m a in ly  as an u n io n iz e d  

m o le c u le ;  h o w e v e r, n o n u n ifo rm  e le c t r o n  d i s t r i b u t i o n  i n  th e  m o le c u le  w i l l  

ca u se  i t  t o  be  m i l d l y  p o la r .  I t  has  been  p ro p o s e d  t h a t  th e  c a r b o n y l  

o xyg e n  o f  f lu o m e tu r o n  ca n  fo rm  a w eak e l e c t r o s t a t i c  bond  w i t h  an  a d s o rb e d  

c a t io n  o r  a w a te r  m o le c u le  c o o r d in a te d  w i t h  th e  c a t io n  ( 1 6 ) .  O th e r  weak 

b o n d in g  m echan ism s h a ve  been  p ro p o s e d  ( 8 ) .

M e to la c h lo r  was a d s o rb e d  m ore  th a n  m e t r ib u z in  on a l l  f o u r  s o i l s  

and was a d s o rb e d  m ore  th a n  f lu o m e tu r o n  on th e  Roxana s o i l  f ro m  45 cm. 

M e to la c h lo r  was a d s o rb e d  to  th e  same d e g re e  as f lu o m e tu r o n  on  th e  

Roxana s o i l  f ro m  15 cm, a l th o u g h  a t  th e  10% le v e l  o f  s ig n i f i c a n c e
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m e to la c h lo r  was a d s o rb e d  to  a g r e a te r  d e g re e . M e to la c h lo r ,  l i k e  f l u o -  

m e tu ro n  and m e t r ib u z in ,  w o u ld  be e x p e c te d  to  be m o b ile  i n  th e  T a lo k a  and 

Roxana s o i l s .  These r e s u l t s  a re  c o n s is te n t  w i t h  m ost o th e r  r e s e a rc h  

( 7 ,3 8 ) .
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M o b i l i t y  i n  s o i l  co lu m n s

T h is  ty p e  o f  co lu m n  m o b i l i t y  s tu d y  does n o t  a t te m p t  t o  re p ro d u c e  

f i e l d  c o n d i t io n s  w h e re  h e r b ic id e  m ovem ent w i l l  o c c u r  u n d e r  b o th  s a tu 

r a te d  and u n s a tu r a te d  w a te r  f lo w .  I n  th e  s u b i r r ig a t e d  co lu m n s  a l l  

w a te r  m ovem ent i s  b y  u n s a tu r a te d  f lo w  and w a te r  m ovem ent up th ro u g h  

th e  co lu m n s  i s  s lo w e r  th a n  i n  to p -w a te re d  co lu m n s  w h e re  s a tu r a te d  f lo w  

i s  o c c u r r in g .  F o r e q u a l vo lu m e s  o f  w a te r ,  th e  s u b i r r ig a t e d  co lu m ns  

a re  m ore  e f f e c t i v e  i n  m o v in g  h e r b ic id e s  th a n  to p -w a te re d  co lu m n s  o p e r 

a t i n g  u n d e r s a tu r a te d  f lo w  c o n d i t io n s  b e ca u se  th e  s lo w e r  m ovem ent o f  

w a te r  up th r o u g h  th e  co lu m ns  a l lo w s  m ore t im e  f o r  d e s o r p t io n  o f  th e  

h e r b ic id e  m o le c u le s  t o  o c c u r .

One h o u r  was r e q u ir e d  f o r  th e  w e t t in g  f r o n t  t o  move up to  th e  

to p  o f  th e  c o lu m n s  and b e g in  t o  e v a p o ra te .  O ve r th e  4 8 -h o u r  p e r io d  

th e  maximum am ount o f  w a te r  e v a p o ra te d  f ro m  th e  to p  o f  a co lu m n  was 

1 2 .7  g , w h ic h  re p re s e n te d  35.2%  o f  th e  t o t a l  w a te r  c o n te n t  o f  th e  w e t te d  

c o lu m n . B ecause  no d i f f e r e n c e s  o c c u r re d  b e tw e e n  s o i l s  i n  th e  am ount 

o f  w a te r  t h a t  p a sse d  th r o u g h  th e  co lu m n s  and e v a p o ra te d  f ro m  th e  to p ,  

d i r e c t  c o m p a r is o n s  o f  th e  m o b i l i t i e s  o f  m e t r ib u z in ,  m e to la c h lo r ,  and 

f lu o m e tu ro n  c o u ld  be made w i t h o u t  c o r r e c t in g  f o r  d i f f e r e n c e s  i n  w a te r  

m ovem ent th r o u g h  th e  c o lu m n s .

A g e n e ra l c o n s e n s u s  among re s e a r c h e r s  i s  t h a t  a d s o r p t io n  and de 

s o r p t io n  a re  th e  p r im a r y  d e te r m in a te s  o f  h e r b ic id e  m o b i l i t y .  I n  t h i s  

s tu d y  th e  o r d e r  o f  h e r b ic id e  m o b i l i t y  on a l l  f o u r  s o i l s  was m e t r ib u z in  > 

f lu o m e tu ro n  > m e to la c h lo r  (T a b le  5 ) .  T h is  r e s u l t  i s  th e  re v e r s e  o f  th e  

o r d e r  o f  a d s o r p t io n  w i t h  th e  e x c e p t io n  t h a t  m e to la c h lo r  w o u ld  h ave  been 

e x p e c te d  t o  be m ore m o b ile  th a n  f lu o m e tu r o n  i n  th e  T a lo k a  s o i l  on  th e  

b a s is  o f  th e  a d s o r p t io n  d a ta .  The g r e a te r  m o b i l i t y  o f  f lu o m e tu ro n  on
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T a b le  5 . M o b i l i t y  f a c t o r s a f o r  m e t r ib u z in ,  m e to la c h lo r ,  and f l u o 
m e tu ro n  i n  T a lo k a  s i l t  lo a m  and Roxana s i l t  lo a m  fro m  
th e  15-cm  and 45-cm  s o i l  d e p th .b

H e r b ic id e s

S o i ls D ep th m e t r ib u z in m e to la c h lo r f lu o m e tu ro n

T a lo k a  s i l t  loam

(cm )

15

45

4 .3 8  g 

4 .9 9  h

2 .6 4  c 

3 .1 2  de

2 .9 4  d 

3 .3 7  f

Roxana s i l t  loam 15

45

3 .4 1  f  

4 .3 8  g

1 .9 6  a 

2 .6 1  c

2 .2 9  b 

3 .2 4  e f

aH ig h e r  m o b i l i t y  f a c t o r  = g r e a te r  m o b i l i t y  i n  s o i l  co lum ns 
bA ve ra g e  o f  tw o  r e p l i c a t i o n s .  V a lu e s  fo l lo w e d  b y  th e  same l e t t e r  

a re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% le v e l  u s in g  th e  Newman- 
K e u ls  t e s t .
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th e  T a lo k a  s o i l  m ig h t  be e x p la in e d  b y  a s lo w e r  d e s o r p t io n  r a t e  f o r  m e to 

l a c h lo r  th a n  f lu o m e tu r o n .  The o r d e r  o f  h e r b ic id e  m o b i l i t y  i n  th e  s o i l s  

was T a lo k a  s i l t  loam  a t  45 cm > R oxana s i l t  loam  a t  45 cm ≥  T a lo k a  s i l t  

loam  a t  15 cm > Roxana s i l t  loam  a t  15 cm. T h is  o r d e r  o f  m o b i l i t y  i s  

th e  in v e r s e  o f  th e  a d s o r p t i v i t y  o r d e r  o f  th e  s o i l s .

I n  sum m ary, th e  a d s o r p t io n  and co lu m n  s tu d ie s  showed m e t r ib u z in  to  

be  w e a k ly  a d s o rb e d  and m o b i le .  T h e r e fo r e ,  m e t r ib u z in  w o u ld  be  e x p e c te d  

to  be  r e a d i l y  moved b y  r a i n  o r  i r r i g a t i o n  w a te r  f ro m  th e  s i t e  o f  a p p l ic a 

t i o n  to  lo w e r  s o i l  d e p th s  o r  o v e r  th e  s o i l  s u r fa c e  w i t h  r u n - o f f  w a te r .  

F lu o m e tu ro n  was m ore  s t r o n g ly  a d s o rb e d  and was le s s  m o b ile  th a n  m e t r i 

b u z in  i n  th e  co lu m n  s tu d y .  As a r e s u l t ,  f lu o m e tu r o n  w o u ld  be  e x p e c te d  

to  be  le s s  m o b ile  th a n  m e t r ib u z in  i n  th e  s o i l  e n v iro n m e n t;  h o w e v e r, 

com pared  t o  o th e r  h e r b ic id e s  f lu o m e tu r o n  w o u ld  s t i l l  be  c l a s s i f i e d  as 

m o b i le .  M e to la c h lo r  was a d s o rb e d  to  th e  same d e g re e  as f lu o m e tu r o n ,  b u t  

m e to la c h lo r  was le s s  m o b ile  i n  th e  co lu m n  s tu d y .  T h e r e fo r e ,  m e to la c h lo r  

w o u ld  p ro b a b ly  be s l i g h t l y  le s s  m o b ile  th a n  f lu o m e tu r o n  i n  th e  s o i l  en

v ir o n m e n t ,  b u t  m e to la c h lo r  w o u ld  a ls o  be c l a s s i f i e d  as m o b i le .

R e s u lts  o f  th e  e f f e c t s  o f  s o i l  m o is tu r e  on e x t r a c t i o n  e f f i c i e n c y  

a re  c o n ta in e d  i n  T a b le  6 . A t  θ  w  = 26% th e  e x t r a c t io n  e f f i c i e n c y  was

h ig h e r  f o r  a l l  c h e m ic a l - s o i l  c o m b in a t io n s  th a n  a t  θ w = 1% ( a i r - d r i e d  

s o i l ) .  The in c r e a s e  i n  e x t r a c t i o n  e f f i c i e n c y  was p a r t i c u l a r l y  m arked  

f o r  f lu o m e tu r o n  w h ic h  showed a f o u r f o l d  in c r e a s e  i n  e x t r a c t a b i l i t y .

No in c r e a s e  i n  e x t r a c t io n  e f f i c i e n c y  was r e a l i z e d  b y  in c r e a s in g  th e  

m o is tu r e  c o n te n t  t o  51%. T h is  was c o n s is te n t  w i t h  th e  r e s u l t s  o f  

L a v y ,  u s in g  a t r a z in e  and c h lo ra m b e n , a l th o u g h  he fo u n d  a s m a ll  in c re a s e  

i n  e x t r a c t io n  e f f i c i e n c y  a t  θ  w  = 100% ( 1 8 ) .  The use o f  m o is tu r e  con

t e n t s  o v e r  51% was n o t  in c lu d e d  i n  t h i s  e x p e r im e n t  s in c e  th e  e x t r a c t io n
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T a b le  6 . E f f e c t s  o f  s o i l  m o is tu r e  on e x t r a c t i o n  e f f i c i e n c y  o f  m e t r i 
b u z in ,  m e to la c h lo r ,  and f lu o m e tu r o n  f ro m  T a lo k a  s i l t  loam  
and Roxana s i l t  loam  fro m  th e  15-cm  and 4 5 -  s o i l  d e p th s .

M o is tu r e

S o i l - c h e m ic a l D e p th 1 26 51

(cm ) ---------------------------------(% )------------------------------------

T a lo k a  s i l t  loam 15
m e t r ib u z in 5 5 .6 8 2 .2 8 6 .3
m e to la c h lo r 6 2 .2 8 3 .1 8 4 .4
f lu o m e tu ro n 2 8 .7 7 9 .2 8 2 .7

T a lo k a  s i l t  loam 45
m e t r ib u z in 6 3 .6 8 5 .3 8 6 .6
m e to la c h lo r 7 3 .7 8 3 .3 8 3 .6
f lu o m e tu ro n 1 8 .2 8 0 .7 8 1 .3

Roxana s i l t  loam 15
m e t r ib u z in 6 1 .4 8 4 .9 8 2 .1
m e to la c h lo r 6 9 .7 8 2 .9 8 2 .4
f lu o m e tu ro n 2 0 .8 7 6 .9 8 0 .2

Roxana s i l t  loam 45
m e t r ib u z in 6 4 .6 8 3 .5 8 4 .2
m e to la c h lo r 7 6 .1 8 1 .9 8 1 .9
f lu o m e tu ro n 1 7 .8 7 6 .5 8 0 .0
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e f f i c i e n c y  was s a t i s f a c t o r i l y  h ig h  a t  θ  w  = 51%, and i n c lu s io n  o f  a d d i

t i o n a l  w a te r  i n  th e  sa m p les  in c re a s e d  q u e n c h in g  when l i q u i d  s c i n t i l l a t i o n  

c o u n t in g  was u sed  as th e  a s s a y  te c h n iq u e .

I n  e v a lu a t in g  th e  weed c o n t r o l  e f f i c a c y  o f  a h e r b ic id e ,  i t s  po 

t e n t i a l  f o r  c a r r y o v e r  t o  a s u b s e q u e n t c r o p ,  and i t s  p o t e n t i a l  f o r  im p a c t 

a t  p o in t s  rem oved  fro m  th e  s i t e  o f  a p p l i c a t i o n ,  th e  h e r b ic i d e ’ s a d s o rp 

t i o n ,  m o b i l i t y ,  and d e g r a d a t io n  m ust a l l  be  c o n s id e r e d .  F o r  e x a m p le , 

a m o b ile  h e r b ic id e  t h a t  i s  r a p id l y  d e g ra d e d  i n  th e  t o p s o i l  may d e g ra d e  

s lo w ly  i f  le a c h e d  t o  lo w e r  s o i l  d e p th s  ( 1 0 ) .  A p e r s is t e n t  h e r b ic id e  

may n o t  pose  e n v iro n m e n ta l p ro b le m s  i f  i t  re m a in s  a t  th e  s i t e  o f  a p p l i 

c a t io n ,  and a d s o r p t io n  may a f f e c t  d e g r a d a t io n  r a t e  b y  d e te r m in in g  th e  

am ount o f  c h e m ic a l i n  th e  s o i l  s o lu t i o n  a v a i la b le  f o r  m ic r o b ia l  a t t a c k .

To g a th e r  o th e r  in f o r m a t io n  needed  to  e v a lu a te  th e  f a t e  o f  m e t r i 

b u z in ,  m e to la c h lo r ,  and f lu o m e tu r o n  i n  s o i l ,  d e g r a d a t io n  o f  th e  h e r b i 

c id e s  a t  c o n s ta n t  te m p e ra tu re  was s tu d ie d .  F i n a l l y ,  r e s u l t s  o f  th e  

la b o r a t o r y  a d s o r p t io n ,  m o b i l i t y ,  and d e g r a d a t io n  s t u d ie s  w e re  com pared  

to  th o s e  o b ta in e d  i n  a b u r ie d  h e r b ic id e  d e g r a d a t io n  and le a c h in g  s tu d y  

s e t  up i n  an  a g r i c u l t u r a l  f i e l d .
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D e g ra d a t io n  a t  c o n s ta n t  te m p e ra tu re

I n i t i a l  h e r b ic id e  c o n c e n t r a t io n  had  no e f f e c t  on th e  d e g ra d a t io n  

r a t e  o f  m e t r ib u z in ,  m e to la c h lo r ,  and f lu o m e tu ro n  (T a b le  7 ) .  S in c e  

th e r e  was no c o n c e n t r a t io n  e f f e c t ,  th e  v a lu e s  r e p o r te d  i n  T a b le  7 f o r  

th e  tw o  i n i t i a l  c o n c e n t r a t io n s  w e re  a v e ra g e d  and a re  c o n ta in e d  i n  

T a b le  8 . I n  m os t t r e a tm e n ts  th e  h e r b ic id e s  d e g ra d e d  m ore  r a p id l y  i n  

th e  15-cm  s o i l  th a n  i n  th e  45 -cm  s o i l .  An e x c e p t io n  was m e t r ib u z in ,  

f o r  w h ic h  no s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  th e  tw o  d e p th s  o f  s o i l  

w e re  fo u n d  a t  23 and 37 C. The r a p id  r a t e  o f  m e t r ib u z in  d e g r a d a t io n  

a t  th e s e  te m p e ra tu re s  may h ave  m asked d i f f e r e n c e s  i n  th e  d e g r a d a t io n  

r a t e s  t h a t  a m ore  s e n s i t i v e  e x p e r im e n t  may have  b een  a b le  t o  d e t e c t .  

R o e th , i n  s tu d y in g  th e  d e g r a d a t io n  o f  a t r a z in e  i n  in c u b a te d  s o i l s ,  a ls o  

fo u n d  d e g r a d a t io n  t o  be s lo w e r  i n  s o i l s  f ro m  lo w e r  d e p th s  ( 2 7 ) .

I n  s o i l s  f ro m  b o th  d e p th s  m e t r ib u z in  was m o s t l a b i l e .  R a p id  deg 

r a d a t io n  o f  m e t r ib u z in  was e x p e c te d  s in c e  o th e r  r e s e a r c h e rs  have  fo u n d  

m e t r ib u z in  n o t  t o  be p e r s is t e n t  ( 2 0 ,3 2 ) .  I t  has been  p o s tu la te d  t h a t  

th e  n o n -a ro m a t ic  r i n g  o f  m e t r ib u z in  i s  m ore  r e a d i l y  d e g ra d e d  th a n  th e  

m ore s t a b le  a ro m a t ic  r i n g  o f  th e  s y m m e tr ic a l t r i a z i n e s  ( 1 2 ) .

I n  h a l f  o f  th e  t r e a tm e n ts  m e to la c h lo r  and f lu o m e tu ro n  w e re  e q u a l ly  

p e r s is t e n t .  H o w e ve r, m e to la c h lo r  was m ore  p e r s is t e n t  th a n  f lu o m e tu ro n  

a t  15 C in  th e  tw o  d e p th s  o f  s o i l  and i n  th e  45-cm  s o i l  a t  23 C. T h is  

g r e a te r  p e r s is te n c e  o f  m e to la c h lo r  was a ls o  r e f l e c t e d  i n  some o f  th e  

f i e l d  s tu d y  t r e a tm e n ts .  M ost r e s e a r c h e rs  have  fo u n d  m e to la c h lo r  t o  be 

m ore p e r s is t e n t  th a n  a la c h lo r  ( 3 5 ) .  G e rb e r e t  a l .  fo u n d  m e to la c h lo r  and 

a la c h lo r  t o  be 50 p e r c e n t  d e g ra d e d  a f t e r  26 and 8 d a y s , r e s p e c t iv e ly ,  

o f  in c u b a t io n  i n  s o i l  a t  22 C. T h is  v a lu e  f o r  m e to la c h lo r  i s  le s s  

th a n  h a l f  th e  v a lu e  r e p o r te d  h e re  f o r  d e g ra d a t io n  i n  th e  15-cm  s o i l .
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Table 7. The t ime required  in  weeks fo r  degrad at ion  of  h e r b i c i d e  to  50 percent  of  the i n i t i a l  con
c e n t r a t i o n  in  Taloka s i l t  loam from the 15-cm and 45-cm s o i l  depths a t  four temperatures  
and two i n i t i a l  c o n c e n t r a t i o n s .a

Temperature C

S o i l - c h e m i c a l Depth
I n i t i a l

c o n c e n tr a t io n 7 15 23 37

(cm) (ppmw)
1X 2X

-------------------------------------------- (weeks)-----------------------------------------------

Taloka s i l t  loam

m etr ibu z in
m eto lach lor
fluometuron

15

0 . 3  0 . 6  
5 . 0  10.0  
0 . 5  1 .0

16 .4  -  13 .6  
__b

4 . 5  -  6 .3
3 0 .0  -  22 .0
2 2 .0  -  20 .3

2 .6  -  2 .6  
10.7 -  9 .5  

7 .8  -  11.0

2 .5  -  2 .4
6 .5  -  4 . 0  
4 .7  -  4 . 0

Taloka s i l t  loam

m etr ibuz in
m eto lach lor
fluometuron

45

0 . 3  0 . 6  
5 . 0  10.0  
0 . 5  1 .0

— 3 0 .0  -  2 2 .0
2 8 .0  -  3 0 .0
2 7 .0  -  2 2 .0

3 .6  -  2 .7  
17.3 -  11.9  
10.8 -  7 .4

3 .3  -  2 .5  
7 .1  -  5 .7  
8 .7  -  6 .2

aAverage o f  th ree  r e p l i c a t i o n s  
bNo d e t e c t a b l e  degrad at ion  occurred
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T ab le  8 . The tim e r e q u ir e d  in  w eeks f o r  d e g r a d a t io n  o f  h e r b ic id e  to  
50 p e r c e n t  o f  th e  i n i t i a l  c o n c e n tr a t io n  in  T a lok a  s i l t  loam  
from  th e  15-cm  and 45-cm  s o i l  d e p th s  a t  fo u r  t e m p e r a tu r e s .a

T em perature C

S o i l - c h e m ic a l D epth 7 15 23 37

T a lok a  s i l t  loam

(cm)

15

-------------------------- (w e e k s )--------------------------------

m e tr ib u z in
m e to la c h lo r
flu o m etu ro n

1 5 .0  f  
__b

5 .4  b c 
2 6 . 0  h
2 1 . 2  g

2 . 6  a 
10 . 1  e  

9 . 4  e

2 . 4  a 
5 . 2  b
4 . 4  b

T alok a  s i l t  loam 45

m e tr ib u z in
m e to la c h lo r
flu o m etu ro n

—
2 6 . 0  h
2 9 . 0  l  
2 4 . 5  h

3 . 2  a 
1 4 . 6  f  

9 . 1  e

2 . 9  a
6 . 4  cd
7 . 4  d

aA verage o f  s i x  r e p l i c a t i o n s .  V a lu es  fo l lo w e d  by th e  same l e t t e r  a r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% l e v e l  u s in g  th e  Newman-Keuls 
t e s t .

bNo d e t e c t a b le  d e g r a d a t io n  o ccu rr ed

29



H ow ever, th e  s o i l  G erber u sed  had th r e e  t im e s  more o r g a n ic  m a tte r  than  

th e  s o i l  u sed  in  t h i s  e x p e r im e n t, and th e  la r g e r  m ic r o b ia l  p o p u la t io n  

th a t  w ould be e x p e c te d  to  accom pany th e  o r g a n ic  m a tte r  p ro b a b ly  in c r e a se d  

th e  d e g r a d a t io n  r a t e .  T h is  same e f f e c t  m igh t e x p la in  some o f  th e  d i f f e r 

e n c e s  in  d e g r a d a t io n  r a t e s  b etw een  th e  s o i l  from  th e  two d e p th s . L i t t l e  

work h as b een  done s tu d y in g  flu o m etu ro n  d e g r a d a t io n  in  c o n s ta n t  tem pera

tu r e  cham bers. Most o f  th e  f i e l d  work h as shown flu o m etu ro n  to  be mod

e r a t e ly  p e r s i s t e n t  ( 2 4 ,2 8 ) .  The d a ta  p r e s e n te d  h e r e  in d ic a t e  th a t  m e to l

a c h lo r  and flu o m etu ro n  sh o u ld  be c o n s id e r e d  to  be m o d e r a te ly  p e r s i s t e n t  

s in c e  i t  to o k  1 0 .1  and 9 .4  w e ek s , r e s p e c t i v e l y ,  f o r  th e  i n i t i a l  h e r b ic id e  

c o n c e n tr a t io n  to  d e c r e a s e  by 50 p e r c e n t  in  th e  T a lo k a  s i l t  loam  from 15 cm 

a t  23 C. W ith th e  e x c e p t io n  o f  f lu o m etu ro n  d e g r a d a t io n  a t  23 C, a l l  me

t o la c h lo r  and f lu o m e tu r o n  tr e a tm e n ts  d egrad ed  more s lo w ly  in  th e  s o i l  

from  th e  45-cm  d e p th . S in c e  th e  a d s o r p t io n  and colum n m o b i l i t y  s t u d ie s  

showed m e to la c h lo r  and f lu o m etu ro n  to  be m o b ile ,  t h e i r  s lo w e r  d egrad a

t io n  r a t e s  in  s o i l  from  lo w er  d e p th s  sh o u ld  be c o n s id e r e d  when e v a lu a t in g  

t h e i r  p e r s i s t e n c e .

For a l l  c h e m ic a ls ,  e x c e p t  m e tr ib u z in  a t  23 and 37 C, d e g r a d a t io n  

o ccu rred  more r a p id ly  a t  th e  h ig h e r  te m p e r a tu r e s . The d e g r a d a t io n  r a t e s  

o f  m e tr ib u z in  a t  23 and 37 C w ere n o t s i g n i f i c a n t l y  d i f f e r e n t .  A g a in , 

th e  r a p id  r a t e  o f  m e tr ib u z in  d e g r a d a t io n  a t  th e s e  two tem p era tu res  may 

have masked d i f f e r e n c e s .

A f te r  in c u b a t io n  fo r  fo u r  m onths, a l l  a u to c la v e d  tr e a tm e n ts  showed  

no d e t e c t a b le  d e g r a d a t io n  o f  m e tr ib u z in ,  m e to la c h lo r ,  or f lu o m e tu r o n . The 

b io a s s a y  p la n t s  in  th e  a u to c la v e d  c o n t r o ls  grew  a s  v ig o r o u s ly  a s  th e  n on -  

a u to c la v e d  c o n t r o l s .  T h e r e fo r e , i t  ap p ea rs th a t  m ic r o b ia l  d e g r a d a t io n  i s  

im p ortan t in  th e  breakdown o f  a l l  th r e e  h e r b ic id e s .
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T h is  d e g r a d a t io n  a t  c o n s ta n t  tem p era tu re  ex p er im en t co m p leted  th e  

la b o r a to r y  p h a se  o f  t h i s  r e s e a r c h .  The r e s u l t s  o b ta in e d  in  th e  la b o r a 

to r y  in d ic a t e d  t h a t  m e tr ib u z in  i s  m o b ile  in  s o i l  and n o t  p e r s i s t e n t ,  and 

th a t  m e to la c h lo r  and f lu o m etu ro n  a r e  m o b ile  and m o d e r a te ly  p e r s i s t e n t .

I t  i s  r e c o g n iz e d  t h a t  a la b o r a to r y  ex p er im en t c a n n o t , and o f t e n  

d oes n o t ,  a ttem p t to  m im ic f i e l d  c o n d i t io n s .  The r e s u l t s  o f  la b o r a to r y  

work a r e  v a lu a b le  to  compare to  work o f  o th e r  r e s e a r c h e r s  and to  p re 

d i c t  and e x p la in  th e  r e s u l t s  o f  f i e l d  s t u d i e s .  In  th e  f i n a l  p h a se  o f  

t h i s  s tu d y  a b u r ie d  h e r b ic id e  d e g r a d a t io n  and le a c h in g  ex p er im en t was 

con d u cted  to  e v a lu a t e  th e  d i s s i p a t i o n  o f  m e tr ib u z in , m e to la c h lo r ,  and 

flu o m etu ro n  under f i e l d  c o n d i t io n s .
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B u ried  h e r b ic id e  s tu d y

The r e s u l t s  o f  th e  b u r ie d  h e r b ic id e  s tu d y  i n d ic a t e  th a t  d egrad a

t io n  o f  th e  h e r b ic id e s  from  O c to b er , 1978 to  M arch, 1979 , to o k  p la c e  a t  

a much s lo w e r  r a t e  th an  o v er  th e  May, 1979 to  Sep tem b er, 1 9 7 9 , p e r io d  

(F ig u r e s  2 - 1 3 ) .  Due to  th e  d i s s i p a t i o n  o f  h e r b ic id e  r e s id u e s  to  unde

t e c t a b l e  l e v e l s  in  m ost t r e a tm e n ts ,  and f o r  g r a p h ic  c l a r i t y ,  th e  f i n a l  

d a ta  p o in t s  o f  th e  tw o -y e a r  tr e a tm e n ts  (O c to b e r , 1978 to  O c to b er , 1980) 

do n o t  ap p ear in  F ig u r e s  2 - 1 3 ,  b u t a r e  c o n ta in e d  in  T a b le  9 . W ith th e  

e x c e p t io n  o f  m e tr ib u z in  in  th e  T a lok a  s i l t  loam  a t  15 cm and flu o m etu ro n  

in  th e  Roxana s i l t  loam  a t  15 cm, no d e t e c t a b le  d e g r a d a t io n  o ccu rr ed  in  

any o f  th e  d e g r a d a t io n  tr e a tm e n ts  o v er  th e  O c to b er , 1978 to  M arch, 1979 , 

p e r io d .  By May, 1979 , a l l  o f  th e  m e tr ib u z in  d e g r a d a t io n  tr e a tm e n ts  and 

flu o m etu ro n  d e g r a d a t io n  tr e a tm e n ts  in  th e  Roxana s i l t  loam  had shown d e

c r e a s e s  in  h e r b ic id e  c o n c e n t r a t io n .  By J u ly ,  a l l  d e g r a d a t io n  tr e a tm e n ts  

showed s i g n i f i c a n t  d e c r e a s e s  in  h e r b ic id e  c o n c e n tr a t io n  w ith  th e  e x c e p 

t io n  o f  m e to la c h lo r  a t  th e  45-cm  d ep th  in  b o th  s o i l s .

The s lo w e r  d e g r a d a t io n  r a t e  o v e r  w in te r  i s  n o t  s u r p r is in g  c o n s id e r 

in g  th e  lo w er  s o i l  tem p e r a tu r e s  and red u ced  m ic r o b ia l  a c t i v i t y  o c c u r r in g  

d u r in g  th e  w in t e r .  B oth o f  th e s e  c o n d it io n s  w ere shown to  a f f e c t  d eg ra 

d a t io n  r a t e  in  th e  d e g r a d a t io n  a t  c o n s ta n t  tem p era tu re  e x p e r im e n t. Though 

s i g n i f i c a n t  r e d u c t io n  in  h e r b ic id e  c o n c e n tr a t io n  d id  n o t  o ccu r  in  th e  

d e g r a d a t io n  tr e a tm e n ts  from  O c to b er , 1978 to  March, 1979 , th e  d e g r a d a tio n  

and le a c h in g  tr e a tm e n ts  showed s i g n i f i c a n t  d e c r e a s e s  in  h e r b ic id e  co n cen 

t r a t io n  in d ic a t in g  th a t  le a c h in g  can  be an im p o rta n t d i s s i p a t i o n  mode fo r  

th e s e  h e r b ic id e s .  T h is  c o r r o b o r a te s  th e  la b o r a to r y  a d s o r p t io n  and column  

m o b il i t y  d a ta . The e f f e c t s  o f  le a c h in g  o v er  th e  May, 1979 to  Septem ber, 

1979, p e r io d  w ere n ot s i g n i f i c a n t  fo r  m e tr ib u z in  in  th r e e  o f  th e  fou r
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F ig u re  2. D eg ra d a tio n  o f  m e tr ib u z in  in  T aloka s i l t  loam a t  th e  15-cm  
and 45-cm  s o i l  d e p th s . S o l id  l i n e s  in d ic a t e  c o n c e n tr a t io n  change o v er  
th e  c o u r se  o f  a y e a r ; dashed l i n e s  in d ic a t e  c o n c e n tr a t io n  change o v er  
th e  summer p e r io d .
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F igure  3. D egrad ation  and l e a c h in g  o f  m e tr ib u z in  in  Taloka s i l t  loam 
a t  th e  15-cm and 45-cm s o i l  d e p th s .  S o l id  l i n e s  i n d i c a t e  c o n c e n tr a t io n  
change ov er  th e  c o u r s e  o f  a y ea r ;  dashed l i n e s  in d i c a t e  c o n c e n tr a t io n  
change ov er  th e  summer p e r io d .
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F ig u re  4 . D e g ra d a tio n  o f  m e tr ib u z in  in  Roxana s i l t  loam  a t  th e  15-cm  
and 45-cm  s o i l  d e p th s . S o l id  l i n e s  in d ic a t e  c o n c e n tr a t io n  change o v er  
th e  c o u r se  o f  a y e a r ; dashed  l i n e s  in d ic a t e  c o n c e n tr a t io n  change o v er  
th e  summer p e r io d .
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F i g u r e  5.  D e g r a d a t i o n  a nd  l e a c h i n g  o f  m e t r i b u z i n  i n  Roxana  s i l t  loam 
a t  t h e  1 5 - cm a nd  45 -cm  s o i l  d e p t h s .  S o l i d  l i n e s  i n d i c a t e  c o n c e n t r a t i o n  
c h a n g e  o v e r  t h e  c o u r s e  o f  a  y e a r ;  d a s h e d  l i n e s  i n d i c a t e  c o n c e n t r a t i o n  
c h a n g e  o v e r  t h e  summer p e r i o d .
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F ig u r e  6 . D eg ra d a tio n  o f  m e to la c h lo r  in  T alok a  s i l t  loam  a t  th e  15-cm  
and 45-cm  s o i l  d e p th s . S o l id  l i n e s  in d ic a t e  c o n c e n tr a t io n  change o v er  
th e  c o u r se  o f  a y ea r ; dashed  l i n e s  in d ic a t e  c o n c e n tr a t io n  change o v er  
th e  summer p e r io d .
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F ig u re  7 . D eg ra d a tio n  and le a c h in g  o f  m e to la c h lo r  in  T aloka s i l t  loam  
a t  th e  15-cm and 4 5 - s o i l  d e p th s . S o l id  l i n e s  in d ic a t e  c o n c e n tr a t io n  
change o v er  th e  c o u r se  o f  a y e a r ;  dashed  l i n e s  in d ic a t e  c o n c e n tr a t io n  
change o v er  th e  summer p e r io d .
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F ig u r e  8 . D e g r a d a t io n  o f  m e t o la c h l o r  in  Roxana s i l t  loam a t  th e  15-cm  
and 4 5 - c m s o i l  d e p t h s .  S o l i d  l i n e s  i n d i c a t e  c o n c e n t r a t i o n  change o v e r  
th e  c o u r s e  o f  a y e a r ;  dashed  l i n e s  i n d i c a t e  c o n c e n t r a t i o n  change o v er  
th e  summer p e r io d .
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F ig u r e  9 . D e g r a d a tio n  and le a c h in g  o f  m e to la c h lo r  in  Roxana s i l t  loam  
a t  th e  15-cm and 45-cm  s o i l  d e p th s .  S o l id  l i n e s  in d ic a t e  c o n c e n tr a t io n  
change o v e r  th e  c o u r s e  o f  a y e a r ; d ashed  l i n e s  in d ic a t e  c o n c e n tr a t io n  
change o v e r  th e  summer p e r io d .
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F ig u re  10. D eg ra d a tio n  o f  flu o m etu ro n  in  T aloka s i l t  loam a t  th e  15-cm  
and 45-cm  s o i l  d e p th s . S o l id  l i n e s  in d ic a t e  c o n c e n tr a t io n  change o v er  
th e  c o u r se  o f  a y e a r ;  dashed  l i n e s  in d ic a t e  c o n c e n tr a t io n  change o v er  
th e  summer p e r io d .
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F ig u r e  11. D e g ra d a t io n  and l e a c h in g  o f  f lu o m etu ro n  in  T aloka  s i l t  loam  
from th e  15-cm and 45-cm s o i l  d e p th s .  S o l i d  l i n e s  i n d i c a t e  c o n c e n t r a t io n  
change o v e r  th e  c o u r s e  o f  a y ea r ;  dashed l i n e s  i n d i c a t e  c o n c e n t r a t i o n  
change o v e r  th e  summer p e r io d .
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F ig u re  12. D eg ra d a tio n  o f  flu o m etu ro n  in  Roxana s i l t  loam a t  th e  15-cm  
and 45-cm  s o i l  d e p th s . S o lid  l i n e s  in d ic a t e  c o n c e n tr a t io n  change o v er  
th e  c o u r se  o f  a y e a r ;  dashed  l i n e s  in d ic a t e  c o n c e n tr a t io n  change o ver  
th e summer p e r io d .
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F ig u re  13. D eg ra d a tio n  and le a c h in g  o f  f lu om etu ron  in  Roxana s i l t  loam  
a t  th e  15-cm and 45-cm  s o i l  d e p th s . S o lid  l i n e s  in d ic a t e  c o n c e n tr a t io n  
change o v er  th e  c o u r se  o f  a y e a r ;  dashed  l i n e s  in d ic a t e  c o n c e n tr a t io n  
change over  th e  summer p e r io d .
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T ab le  9 . C o n c e n tr a tio n  o f  m e to la c h lo r  and f lu o m etu ro n  in  b u r ie d
h e r b ic id e  tr e a tm e n ts  a f t e r  two y e a r s  a s  d eterm in ed  by p la n t  
b io a s s a y .a

S o i l Depth

H e r b ic id e  c o n c e n tr a t io n
m e to la c h lo r flu o m etu ro n

To T2 y e a r s t o t 2 y e a r s

(cm) (ppmw)

T aloka s i l t  loam 15
45

1 0 .0
6 .7

ndb
0 .8 1

1 . 0
0 .6 7

0 .0 3
0 .0 8

Roxana s i l t  loam 15
45

1 0 .0
6 .7

nd
nd

1 . 0
0 .6 7

0 .0 5
0 .0 4

aA verage o f  th r e e  r e p l i c a t i o n s  
bNot d e t e c t a b le
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s o i l s ,  th e  Roxana s o i l  a t  45 cm b e in g  th e  e x c e p t io n  (T a b le  1 0 ) .  R a in f a l l  

o f  4 3 .8  cm and 5 7 .9  cm f e l l  a t  F a y e t t e v i l l e  and Alma, r e s p e c t i v e l y ,  dur

in g  t h i s  p e r io d  so  th a t  th e  p o t e n t i a l  f o r  le a c h in g  e x i s t e d .  However, 

th e  e f f e c t s  o f  le a c h in g  may have b een  masked by m e t r ib u z in 's  r a p id  r a t e  

o f  d e g r a d a t io n  o v e r  t h i s  p e r io d .

L o c a t io n  d id  n o t  a f f e c t  th e  d i s s i p a t i o n  r a t e  o f  th e  th r e e  h e r b ic id e s  

o v e r  th e  May, 1979 to  Sep tem b er, 1979 , p e r io d . I t  was e x p e c te d  th a t  in  

th e  warm er, w e t t e r  Alma c l im a t e ,  d e g r a d a t io n  and le a c h in g  w ould  o ccu r  

more r a p id ly  th an  a t  F a y e t t e v i l l e .  T a b le s  11 and 12 c o n ta in  c l im a t o lo g 

i c a l  d a ta  and s o i l  tem p era tu re  d a ta ,  r e s p e c t i v e l y .  The tem p era tu re  d i f 

f e r e n c e s  b etw een  Alma and F a y e t t e v i l l e  w ere n o t  g r e a t .  The m ajor d i f f e r 

en c e  was in  th e  amount o f  p r e c i p i t a t i o n  r e c e iv e d .  L o c a t io n  d id  a f f e c t  

le a c h in g  o f  th e  h e r b ic id e s  from  O c to b e r , 1978 to  May, 1979 . D uring t h i s  

p e r io d ,  d i s s i p a t i o n  o f  th e  h e r b ic id e s  in  th e  d e g r a d a t io n  and le a c h in g  

tr e a tm e n ts  o c c u r r e d  more r a p id ly  a t  Alma th an  a t  F a y e t t e v i l l e .  T hese  

e f f e c t s  may be a t t r ib u t e d  to  th e  g r e a t e r  amount o f  p r e c i p i t a t i o n  a t  Alma 

o v er  t h i s  p e r io d .  At F a y e t t e v i l l e  and Alma th e  w a ter  le a c h in g  throu gh  

th e  s o i l  p r o f i l e  d id  n o t  a f f e c t  th e  0 w o f  th e  s o i l  in  th e  Mason j a r s ,  

i . e .  th e  d e g r a d a t io n  tr e a tm e n ts .  The 0 o f  th e  j a r s  v a r ie d  ± 3% from  

th a t  a t  th e  tim e  o f  i n i t i a l  tr e a tm e n t and b u r ia l .

As in  th e  d e g r a d a t io n  a t  c o n s ta n t  tem p era tu re  e x p e r im e n t, m e tr i

b u z in  d egrad ed  f a s t e r  th an  m e to la c h lo r  or  f lu o m e tu r o n . No d e t e c t a b le  

r e s id u e s  o f  m e tr ib u z in  w ere p r e s e n t  a t  e i t h e r  s o i l  d ep th  a t  Alma or  

F a y e t t e v i l l e  a t  th e  end o f  th e  summer p e r io d .  As w ould be e x p e c te d ,  

a l l  r e s id u e s  in  th e  d e g r a d a t io n  and le a c h in g  tr e a tm e n ts  w ere a l s o  d i s 

s ip a t e d  to  u n d e te c ta b le  l e v e l s  o v er  t h i s  p e r io d . Even though  m e tr i

b u z in  i s  p ro b a b ly  m o b ile  in  th e  s o i l ,  i t s  r a p id  r a t e  o f  d e g r a d a t io n

46



T a b le  10. The tim e r e q u ir e d  in  w eeks f o r  d i s s i p a t i o n  o f  b u r ie d  h e r b i
c id e  to  50 p e r c e n t  o f  th e  i n i t i a l  c o n c e n tr a t io n  under d eg ra 
d a t io n  and d e g r a d a t io n  and le a c h in g  c o n d i t i o n s .a

S o i l - c h e m ic a l D epth

D e g r a d a tio n D e g r a d a tio n  and le a c h in g
O c t. 7 8 -  
O c t. 79

May 7 9 -  
S e p t . 79

O c t .7 8 -  
O ct. 79

May 7 9 -  
S e p t . 79

(cm) ------------------------------------(w eek s) ----------------------------------------

T a lok a  s i l t  loam 15

m e tr ib u z in
m e to la c h lo r
flu o m etu ro n

2 8 .0  k l
4 0 .0  mn 
4 2 .5  n

3 .0  ab 
7 .5  de
5 .0  b c

2 5 .5  k 
1 7 .0  i j
2 4 .5  k

3 .0  ab 
3 .5  ab
3 .0  ab

T alok a  s i l t  loam 45

m e tr ib u z in
m e to la c h lo r
flu o m etu ro n

2 8 .5  k l
6 8 .0  p
6 0 .0  o

2 .5  a 
__b

1 3 .5  gh

1 9 .5  j
1 5 .0  h i
1 4 .0  gh

3 .0  ab
7 .5  de
8 .5  e

Roxana s i l t  loam 15

m e tr ib u z in
m e to la c h lo r
flu o m etu ro n

3 0 .1  1
3 9 .5  mn
2 6 .5  k

2 .5  a
7 .5  de
8 .5  e

1 3 .5  gh 
1 2 .0  fg
1 9 .5  j

2 .5  a
2 .5  a 
3 .0  ab

Roxana s i l t  loam 45

m e tr ib u z in
m e to la c h lo r
flu o m etu ro n

3 7 .0  m
6 2 .0  o
4 4 .0  n

6 .0  cd 

1 2 .0  fg

1 6 .0  i
1 1 .0  f
1 9 .0  j

2 .0  a
7 .0  c de
7 .0  c de

aA verage o f  fo u r  r e p l i c a t i o n s .  V a lu es  fo l lo w e d  by th e  same l e t t e r  a re  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% l e v e l  u s in g  th e  Newman-Keuls 
t e s t .

bNo d e t e c t a b le  d e g r a d a t io n  o c c u r r e d .
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T ab le  11.  C l i m a t o l o g i c a l  d a t a  from Alma and F a y e t t e v i l l e ,  A rk an sas .

A verage  t e m p e r a tu r e T o t a l  p r e c i p i t a t i o n
F a y e t t e v i l l e Alma F a y e t t e v i l l e Alma

------------------ (C)---------------- ---------------(cm)-----------------

O c t . 7 8 - O c t .79  

O c t . 7 9 - O c t . 80 

M a y 7 9 - S e p t . 79

1 2 .7

1 4 .5

2 2 . 2

1 4 .6  

1 6 . 2

2 4 . 6

9 7 . 5

7 2 . 4

4 3 . 8

1 3 1 .5

7 8 . 0

5 7 . 9
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T ab le  12 . S o i l  tem p era tu res  a t  Alma and F a y e t t e v i l l e ,  A rk a n sa s .

D ate
F a y e t t e v i l l e Alma

1 5 -cm 45-cm 15-cm 45-cm

-----------(C )------------- -------(C)------------

1979

Hay

June

J u ly

A ugust

Septem ber

O ctober

1 7 . 8

2 7 . 2

3 1 . 3

2 5 . 0

2 5 . 0

1 8 . 3

11 . 7  

2 2 . 2

2 6 . 7  

2 3 . 9  

2 2 . 2  

1 9 . 4

1 8 . 3

2 9 . 4

3 4 . 4  

2 5 . 6  

2 3 . 9  

2 1 . 1

1 2 . 8

2 3 . 9

2 8 . 9  

2 5 . 6

2 3 . 9  

2 1 . 1

1980

O ctober 1 8 . 3 2 0 . 6 1 6 . 7 1 9 . 4
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a t  t h e  15-cm and 45-cm  s o i l  d e p th s  make th e  p e r s i s t e n c e  o f  r e s i d u e s  

u n l i k e l y .

From May, 1979 to  S ep tem b er , 1979 , m e t o la c h l o r  and f lu o m etu ro n  b oth  

degraded  more s lo w ly  th a n  m e t r ib u z in  i n  a l l  s o i l s  e x c e p t  th e  T a lok a  s o i l  

a t  15 cm w here th e  d i f f e r e n c e  b e tw een  th e  d e g r a d a t io n  r a t e  o f  m e tr ib u z in  

and f lu o m e tu r o n  was s i g n i f i c a n t  o n ly  a t  th e  10% l e v e l .  R e s id u e s  o f  

m e t o la c h l o r  and f lu o m e tu r o n  w ere s t i l l  d e t e c t a b l e  i n  some d e g r a d a t io n  

t r e a t m e n t s  a f t e r  two y e a r s  (T a b le  9 ) ,  w h i l e  m e t r ib u z in  had degrad ed  to  

u n d e t e c t a b l e  l e v e l s  o v e r  t h i s  p e r i o d .  A l s o ,  i n  th e  d e g r a d a t io n  and 

l e a c h i n g  t r e a t m e n t s  a t  45 cm i n  b o th  s o i l s ,  m e t o la c h lo r  and f lu o m etu ro n  

w ere more p e r s i s t e n t  th an  m e t r i b u z i n .  M e t o la c h lo r  and f lu o m e tu r o n  v a r ie d  

l i t t l e  i n  t h e i r  d e g r a d a t io n  r a t e s  a t  th e  15-cm d ep th ;  how ever ,  m e to la 

c h l o r  showed g r e a t e r  p e r s i s t e n c e  a t  th e  45-cm  d e p th .  M e to la c h lo r  and 

f lu o m e tu r o n  b o th  d egrad ed  more s l o w l y  a t  th e  lo w er  s o i l  d e p th .  Even a t  

th e  end o f  t h e  summer p e r io d  no d e t e c t a b l e  change in  th e  i n i t i a l  m e to la 

c h lo r  c o n c e n t r a t i o n  a t  th e  45-cm  d ep th  o c c u r r e d .  The s lo w e r  d e g r a d a t io n  

r a t e  o f  m e t o la c h l o r  and f lu o m e tu r o n  a t  th e  lo w e r  s o i l  d ep th  was p ro b a b ly  

due t o  t h e  lo w er  s o i l  te m p e r a tu r e  and d e c r e a s e d  m ic r o b i a l  a c t i v i t y  a t  

th e  lo w er  s o i l  d e p t h s .  R oeth  found t h a t  m ic r o b i a l  a c t i v i t y  and d eg ra 

d a t io n  o f  a t r a z i n e  b o th  d e c r e a s e d  w i t h  i n c r e a s i n g  s o i l  d ep th  ( 2 7 ) .

H a r r is  e t  a l .  a l s o  found d e g r a d a t io n  r a t e  to  d e c r e a s e  w i t h  i n c r e a s i n g  

s o i l  d ep th  a t  tw e lv e  l o c a t i o n s  in  th e  U .S .  and P u e r to  R ico  ( 1 0 ) .

50



SUMMARY AND CONCLUSIONS

The d e g r a d a t io n  o f  m e t r i b u z i n ,  m e t o la c h l o r ,  and f lu o m e tu r o n  was 

s lo w  o v e r  t h e  w in t e r  p e r i o d ,  and l e a c h i n g  was im p o rta n t  i n  t h e  d i s s i p a 

t i o n  o f  t h e s e  h e r b i c i d e s  o v er  t h i s  p e r i o d .  A lth ou gh  m e t r ib u z in  was mo

b i l e  i n  s o i l ,  i t  degrad ed  r a p i d l y  d u r in g  t h e  summer and sh o u ld  n o t  c a u s e  

a d v e r s e  e n v ir o n m e n ta l  e f f e c t s  when p r o p e r ly  u s e d .  Both  m e t o la c h lo r  and 

f lu o m e tu r o n  appear t o  be m o b i le  and m o d e r a te ly  p e r s i s t e n t  in  s o i l .  

M e to la c h lo r  and f lu o m e tu r o n  d id  n o t  d eg ra d e  a s  r a p i d l y  a s  m e t r ib u z in ,  

e s p e c i a l l y  a t  t h e  45-cm  d e p th ,  and r e s i d u e s  o f  t h e s e  c h e m ic a ls  co u ld  

p e r s i s t  beyond t h e  d e s i r e d  t im e  n eed ed  f o r  e f f e c t i v e  weed c o n t r o l .  A l 

though r e s i d u e s  o f  m e t o la c h lo r  and f lu o m e tu r o n  w ere s t i l l  d e t e c t a b l e  in  

some d e g r a d a t io n  t r e a t m e n t s  a f t e r  two y e a r s ,  t h e  c o n c e n t r a t i o n  o f  t h e s e  

c h e m ic a ls  under a c t u a l  f i e l d  c o n d i t i o n s  w ould  n o t  be  h ig h  enough to  

a f f e c t  any b u t  th e  m ost s e n s i t i v e  b i o a s s a y  c r o p .
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GENERAL INTRODUCTION

In the early years of commercial pesticide use many environ

mental effects were largely unknown. That has changed now, and 

factors influencing the effectiveness and the environmental 

impact of pesticides has been the subject of intense scientific 

research for many years.

Herbicides are pesticides which are used for weed control.

Many of these compounds are soil-applied and their persistence 

in soil is determined by their chemical nature, the soil type, 

temperature, soil microbial populations, the method of applica

tion, and soil moisture among other factors.

Soil moisture has been found to have a significant effect on 

the activ ity  on weeds and the persistence of herbicides. In 

flooded soils the mechanisms of herbicide dissipation may be quite 

different than those occurring in soils where aerobic conditions 

predominate. In rice production, weed control with herbicides has 

become an increasingly significant factor in improved yields in 

many areas of the world. Since in many rice production systems 

the soil will be temporarily or continuously flooded, i t  is 

important to know how the dissipation rates of herbicides used for 

weed control in rice will be affected by both aerobic and anaerobic 

soil moisture regimes. This information would also be useful for 

determining the carry-over potential of herbicides used in crops 

grown in rotation with rice.
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These investigations were carried out to determine the effects 

of so il moisture in interaction with various other physical, chemi

cal, and biological factors on the dissipation rates of three herbi

cides from so il. Two of these herbicides, oxadiazon and pendi

methalin, are used for weed control in rice. The third herbicide, 

atrazine, is used in crops which may be grown in rotation with rice. 

The three chapters of th is d issertation present the results and 

discuss the significance of investigations carried out with these 

three herbicides.
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Chapter I

Effects of Soil Water Content on Pendimethalin Dissipation
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ABSTRACT

Pendimethalin [N-(1-ethylpropyl)-3,4 dimethyl-2,6-dinitrobenzene- 

amine] is  used for residual weed control in a variety of crops. Lab

oratory and fie ld  studies were conducted to evaluate pendimethalin 

dissipation over time in a Crowley s i l t  loam. One laboratory study 

revealed that dissipation rates approximately followed pseudo f i r s t -  

order kinetics over an eight week period. Persistence was very high 

in so il a t air-dry moisture (93% remaining afte r eight weeks). Half- 

lives for 1/3 bar (29% soil water content), continuous flood, and 

a lternately  flooded and dried treatments averaged 59, 63, and 30 days, 

respectively. Application ra te , over the range of 0.5 to 2 ug in

corporated per gram of so il did not have a significant influence on 

the h a lf-liv es . Measurements of pendimethalin residues with gas- 

liquid chromatography and a root bioassay with grain sorghum [Sorghum 

bicolor (L.) Moench] gave sim ilar resu lts  except that the bioassay 

tended to detect lower concentrations of pendimethalin than gas-liquid 

chromatography with increasing time a fte r application. Autoclaving 

was found to reduce pendimethalin dissipation a t 2/3 bar (22% soil 

water content) but not in flooded so il. F e rtiliz e r  amendments did 

not have an effect. An edaphic chlorophycean alga, Uronema tren- 

tonense Lee increased so il pH and redox potential but did not affect 

the amount of pendimethalin lo st over 12 weeks. Dissipation in the 

fie ld  in each of two years was studied with lowland rice (flush 

irrigated  then flooded about two weeks afte r application), upland 

rice (flush irrigated  throughout the season), and soybean (furrow 

irrigated  as needed) management systems. Soil water content had a

4
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GENERAL INTRODUCTION

In  th e  e a r ly  y e a rs  o f  c o m m e rc ia l p e s t ic id e  use many e n v ir o n 

m e n ta l e f f e c t s  w ere la r g e ly  unknow n. T h a t has changed now, and 

f a c t o r s  in f lu e n c in g  th e  e f f e c t iv e n e s s  and th e  e n v iro n m e n ta l 

im p a c t o f  p e s t ic id e s  has been th e  s u b je c t  o f  in te n s e  s c i e n t i f i c  

re s e a rc h  f o r  many y e a rs .

H e rb ic id e s  a re  p e s t ic id e s  w h ic h  a re  used  f o r  weed c o n t r o l .

Many o f  th e s e  compounds a re  s o i l - a p p l ie d  and t h e i r  p e r s is te n c e  

in  s o i l  i s  d e te rm in e d  by  t h e i r  c h e m ic a l n a tu r e ,  th e  s o i l  ty p e ,  

te m p e ra tu re ,  s o i l  m ic r o b ia l  p o p u la t io n s ,  th e  m ethod o f  a p p l ic a 

t i o n ,  and s o i l  m o is tu re  among o th e r  f a c t o r s .

S o i l  m o is tu re  has been fo u n d  t o  have a s i g n i f i c a n t  e f f e c t  on 

th e  a c t i v i t y  on weeds and th e  p e r s is te n c e  o f  h e r b ic id e s .  In  

f lo o d e d  s o i l s  th e  m echanism s o f  h e r b ic id e  d is s ip a t io n  may be q u i t e  

d i f f e r e n t  th a n  th o s e  o c c u r r in g  in  s o i l s  w here  a e r o b ic  c o n d i t io n s  

p re d o m in a te .  In  r i c e  p r o d u c t io n ,  weed c o n t r o l  w i t h  h e r b ic id e s  has 

become an in c r e a s in g ly  s i g n i f i c a n t  f a c t o r  in  im p ro ve d  y ie ld s  in  

many a re a s  o f  th e  w o r ld .  S in c e  in  many r i c e  p r o d u c t io n  sys tem s 

th e  s o i l  w i l l  be t e m p o r a r i ly  o r  c o n t in u o u s ly  f lo o d e d ,  i t  i s  

im p o r ta n t  t o  know how th e  d is s ip a t io n  r a te s  o f  h e r b ic id e s  used  f o r  

weed c o n t r o l  in  r i c e  w i l l  be a f f e c t e d  b y  b o th  a e r o b ic  and a n a e ro b ic  

s o i l  m o is tu re  re g im e s . T h is  in fo r m a t io n  w o u ld  a ls o  be u s e fu l  f o r  

d e te rm in in g  th e  c a r r y - o v e r  p o t e n t i a l  o f  h e r b ic id e s  used  in  c ro p s  

grow n in  r o t a t io n  w i t h  r i c e .
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These in v e s t ig a t io n s  w ere  c a r r ie d  o u t  to  d e te rm in e  th e  e f f e c t s  

o f  s o i l  m o is tu re  in  in t e r a c t io n  w i th  v a r io u s  o th e r  p h y s ic a l ,  chem i

c a l ,  and b io lo g ic a l  f a c to r s  on th e  d is s ip a t io n  r a te s  o f  th re e  h e r b i 

c id e s  fro m  s o i l .  Two o f  th e s e  h e r b ic id e s ,  o x a d ia z o n  and p e n d i-  

m e th a l in ,  a re  used f o r  weed c o n t r o l  in  r i c e .  The t h i r d  h e r b ic id e ,  

a t r a z in e ,  i s  used in  c ro p s  w h ic h  may be grown in  r o t a t io n  w ith  r i c e .  

The th re e  c h a p te rs  o f  t h i s  d is s e r t a t io n  p re s e n t  th e  r e s u l t s  and 

d is c u s s  th e  s ig n i f ic a n c e  o f  in v e s t ig a t io n s  c a r r ie d  o u t  w i t h  th e s e  

th re e  h e r b ic id e s .
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C h a p te r I

E f fe c t s  o f  S o i l  W a te r C o n te n t on P e n d im e th a lin  D is s ip a t io n
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ABSTRACT

P e n d im e th a lin  [ N - ( 1 - e t h y lp r o p y l ) - 3 ,4  d im e th y l - 2 ,6 - d in i t r o b e n z e n e -  

a m ine ] i s  used  f o r  r e s id u a l  weed c o n t r o l  in  a v a r ie t y  o f  c ro p s .  Lab

o r a to r y  and f i e l d  s tu d ie s  w ere  c o n d u c te d  to  e v a lu a te  p e n d im e th a lin  

d is s ip a t io n  o v e r  t im e  in  a C ro w le y  s i l t  lo a m . One la b o r a to r y  s tu d y  

re v e a le d  t h a t  d is s ip a t io n  r a te s  a p p ro x im a te ly  fo l lo w e d  pseudo  f i r s t -  

o rd e r  k in e t i c s  o v e r  an e ig h t  week p e r io d .  P e rs is te n c e  was v e ry  h ig h  

in  s o i l  a t  a i r - d r y  m o is tu re  (93% re m a in in g  a f t e r  e ig h t  w e e k s ) . H a l f -  

l i v e s  f o r  1 /3  b a r  (29% s o i l  w a te r  c o n t e n t ) , c o n t in u o u s  f lo o d ,  and 

a l t e r n a t e l y  f lo o d e d  and d r ie d  t r e a tm e n ts  a v e ra g e d  59 , 6 3 , and 30 d a ys , 

r e s p e c t iv e ly .  A p p l ic a t io n  r a t e ,  o v e r  th e  ra n g e  o f  0 .5  t o  2 μg i n 

c o rp o ra te d  p e r  gram  o f  s o i l  d id  n o t  have  a s i g n i f i c a n t  in f lu e n c e  on 

th e  h a l f - l i v e s .  M easurem ents o f  p e n d im e th a lin  re s id u e s  w i th  g a s - 

l i q u i d  c h ro m a to g ra p h y  and a r o o t  b io a s s a y  w i t h  g r a in  sorghum  [ Sorghum 

b i c o lo r  ( L . )  Moench] gave  s im i l a r  r e s u l t s  e x c e p t t h a t  th e  b io a s s a y  

te n d e d  to  d e te c t  lo w e r  c o n c e n t r a t io n s  o f  p e n d im e th a lin  th a n  g a s - l iq u id  

c h ro m a to g ra p h y  w i t h  in c r e a s in g  t im e  a f t e r  a p p l i c a t io n .  A u to c la v in g  

was fo u n d  t o  re d u c e  p e n d im e th a lin  d is s ip a t io n  a t  2 /3  b a r  (22% s o i l  

w a te r  c o n te n t )  b u t  n o t  in  f lo o d e d  s o i l .  F e r t i l i z e r  amendments d id  

n o t  have an e f f e c t .  An e d a p h ic  c h lo ro p h y c e a n  a lg a ,  Uronema t r e n -  

to n e n s e  Lee in c re a s e d  s o i l  pH and re d o x  p o t e n t ia l  b u t  d id  n o t  a f f e c t  

th e  am ount o f  p e n d im e th a lin  l o s t  o v e r  12 w eeks. D is s ip a t io n  in  th e  

f i e l d  in  each o f  tw o  y e a rs  was s tu d ie d  w i t h  lo w la n d  r i c e  ( f lu s h  

i r r i g a t e d  th e n  f lo o d e d  a b o u t tw o  weeks a f t e r  a p p l i c a t i o n ) , u p la n d  

r i c e  ( f lu s h  i r r i g a t e d  th ro u g h o u t  th e  s e a s o n ) , and soybean ( fu r ro w  

i r r i g a t e d  as needed) management sys te m s . S o i l  w a te r  c o n te n t  had a
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s t ro n g  in f lu e n c e  on th e  am ount o f  p e n d im e th a lin  w h ic h  d is s ip a te d ,  

e s p e c ia l ly  f o r  a b o u t th e  f i r s t  tw o  weeks a f t e r  h e r b ic id e  a p p l ic a t io n .  

" H a l f - l i v e s "  i n  th e  f i e l d  w e re  much s h o r te r  d u r in g  th e  i n i t i a l  tw o  

w e e ks , b e in g  fro m  3 t o  6 days  f o r  lo w la n d  r i c e ,  4 t o  7 days  f o r  u p 

la n d  r i c e ,  and 5 t o  28 d ays  f o r  th e  soybean m anagement sy s te m . 

I n c o r p o r a t io n  o f  p e n d im e th a l in  and re d u c e d  i r r i g a t i o n  i n  soybeans 

a p p e a re d  to  be r e s p o n s ib le  f o r  g r e a te r  p e r s is te n c e  o f  p e n d im e th a l in ,  

w h ic h  has  th e  p o t e n t i a l  t o  c a r r y  o v e r  i n  t h i s  sys te m  a t  h ig h  a p p l ic a 

t i o n  r a t e s .
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INTRODUCTION

P e n d im e th a lin  i s  a s o i l - a p p l ie d  h e r b ic id e  used  f o r  r e s id u a l  weed 

c o n t r o l  i n  a v a r ie t y  o f  c ro p s ,  in c lu d in g  soybeans and r i c e .  D in i t r o -  

a n i l i n e  h e r b ic id e s ,  in c lu d in g  p e n d im e th a l in ,  have  been shown t o ,  in  

g e n e ra l,  have  p e r s is te n c e  in v e r s e ly  r e la t e d  t o  s o i l  w a te r  c o n te n t  

(5 , 8 , 11 , 17 , 1 9 , 20 , 2 3 ) .  M ost s tu d ie s  show d e g ra d a t io n  o f  d i n i -  

t r o a n i l i n e  h e r b ic id e s  t o  o c c u r  more r a p id l y  in  a n a e ro b ic  th a n  in  

a e r o b ic  s o i l  (8 , 1 1 , 1 9 ) ,  a lth o u g h  Camper e t  a l .  (5) fo u n d  more 

r a p id  d e g ra d a t io n  o f  tw o  d i n i t r o a n i l i n e  h e r b ic id e s  in  a e r o b ic  s o i l .

S tu d ie s  on h e r b ic id e  d is s ip a t io n  w h ic h  i s o la t e  one o r  tw o  

e n v iro n m e n ta l e f f e c t s  a t  v a r io u s  le v e ls  f a i l  t o  p ro v id e  needed 

in fo r m a t io n  on th e  in t e r a c t io n  o f  e f f e c t s .  The e f f e c t s  o f  some 

c o n s ta n t  m o is tu re  le v e ls  on p e n d im e th a lin  d is s ip a t io n  have been 

docum ented (23) b u t  r e s u l t s  o f  such s tu d ie s  a re  n o t  d i r e c t l y  a p p l i 

c a b le  t o  th e  h ig h ly  v a r ia b le  c o n d i t io n s  in  th e  f i e l d .

The e x te n t  o f  some modes o f  d i s s ip a t io n ,  such as m ic r o b ia l  deg

r a d a t io n  o r  v o l a t i l i z a t i o n  c o u ld  be r e la t e d  to  th e  r a te  o f  change 

o f  s o i l  w a te r  c o n te n t  as w e l l  as s o i l  w a te r  c o n te n t  i t s e l f .  P o p u la 

t io n s  o f  s o i l  m ic ro o rg a n is m s  a re  d e p e n d e n t on th e  s o i l  w a te r  c o n te n t ,  

w i t h  th e  g r e a te s t  num ber o f  a e r o b ic  m ic ro o rg a n is m s  p re d o m in a t in g  a t  

m o is tu re  a p p ro a c h in g  f i e l d  c a p a c i t y  ( 1 ) .  F lo o d in g  s o i l  changes th e  

c o m p o s it io n  and m e ta b o lic  a c t i v i t y  o f  th e  s o i l  m ic r o b ia l  f l o r a  (2 5 ) .  

The r e la t io n s h ip  be tw een  s o i l  w a te r  c o n te n t  and th e  v o l a t i l i t y  o f  

th e  d i n i t r o a n i l i n e  h e r b ic id e  t r i f l u r a l i n  (α ,  α ,  α- t r i f l u o r o - 2 ,6 -  

d in i t r o - N , N - d ip r o p y l - p - t o lu id in e )  has been in v e s t ig a te d  and f o r  th e
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m ost p a r t  in c re a s e d  w i t h  in c r e a s in g  s o i l  w a te r  c o n te n t  up  t o  a t  le a s t  

f i e l d  c a p a c i t y  (4 , 1 0 ) .

T r a d i t i o n a l l y ,  h e r b ic id e  re s id u e s  a n a ly s e s  have  been  p e r fo rm e d  

u s in g  c h e m ic a l o r  b i o l o g i c a l  a s s a y s . W a lk e r and Bond (23) fo u n d  

t h a t  a g a s - l i q u id  c h ro m a to g ra p h y  (GLC) and a r o o t  b io a s s a y  m ethod  

f o r  p e n d im e th a l in  s o i l  r e s id u e s  r e s u l t e d  in  s im i l a r  m easurem ents 

a t  v a r io u s  t im e s  a f t e r  t r e a tm e n t .  Such c lo s e  c o rre s p o n d e n c e  does 

n o t  a lw a y s  o c c u r  b e tw e e n  such  a n a l y t i c a l  m e thods (2 , 9 ) .  In fo rm a 

t i o n  i s  needed on how changes  i n  s o i l  w a te r  c o n te n t  a f f e c t  h e r b i 

c id e  a d s o r p t io n ,  ease o f  c h e m ic a l e x t r a c t io n ,  and b io l o g i c a l  a c t i v 

i t y  o f  th e  h e r b ic id e  on a s s a y  p la n t s .  G ro w th  c h a r a c t e r i s t i c s  o f  

th e  b io a s s a y  p la n t  a re  a ls o  im p o r ta n t .

One o r  tw o -p h a s e  f i r s t - o r d e r  e v e n ts  have  been  u se d  t o  d e s c r ib e  

d is s ip a t io n  o f  v a r io u s  d i n i t r o a n i l i n e  h e r b ic id e s  (4 , 1 6 , 2 6 ) .  L a -  

F le u r  (12 ) h as  u sed  d a ta  on h e r b ic id e  s o i l  a d s o r p t io n  and le a c h in g  

to  p r e d i c t  h e r b ic id e  d is s ip a t io n  b a s e d  on th e  th e o r y  o f  a tw o -p h a s e  

f i r s t - o r d e r  e v e n t  o c c u r r in g .  I t  i s  d e s i r a b le  t o  be a b le  t o  p r e d i c t  

h e r b ic id e  d is s ip a t io n  i n  f i e l d  s i t u a t i o n s  w i t h  c o l l e c t i o n  o f  a m in i 

m a l am ount o f  d a ta  such  as s o i l  m o is tu r e  and te m p e ra tu re  (2 2 ) .  How

e v e r ,  e n v iro n m e n ta l c o n d i t io n s  a f f e c t i n g  th e  s o i l  w h ic h  h a s  re c e iv e d  

a h e r b ic id e  can  be e x t r e m e ly  v a r ia b le .  T h e r e fo r e ,  i t  i s  n e c e s s a ry  

t o  o b ta in  an u n d e rs ta n d in g  o f  th e  r e l a t i o n s h ip  o f  e n v iro n m e n ta l 

f a c t o r s  w i t h  th e  e x te n t  t o  w h ic h  h e r b ic id e  d i s s ip a t i o n  o c c u rs  by 

v a r io u s  m odes. I n  p a r t i c u l a r ,  s o i l  w a te r  c o n te n t  m ig h t  s t r o n g ly  

a f f e c t  d i s s ip a t i o n  r a t e s .  How d i s s ip a t i o n  b y  v o l a t i l i z a t i o n ,  

d e c o m p o s it io n ,  le a c h in g ,  a d s o r p t io n ,  o r  o th e r  modes i n t e r a c t s  w i t h
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s o i l  w a te r  c o n te n t  t o  a f f e c t  p e n d im e th a lin  d is s ip a t io n  r a t e  s h o u ld  

be a s u b je c t  o f  more s tu d y .

The o b je c t iv e s  o f  t h i s  re s e a rc h  w ere  t o  (1) exam ine  th e  e f f e c t  

o f  s o i l  m o is tu re  on p e n d im e th a lin  d is s ip a t io n  o v e r  t im e  in c lu d in g  

a e r o b ic , a n a e r o b ic , and a l t e r n a t e l y  a n a e ro b ic  and a e r o b ic  s o i l  

c o n d i t io n s ;  (2) d e te rm in e  th e  e f f e c t s  o f  a p p l ic a t io n  r a t e  and 

m ethod o f  a n a ly s is  (c h e m ic a l o r  b io a s s a y )  on m easured h e r b ic id e  

c o n c e n t r a t io n ;  (3) c h a r a c te r iz e  th e  i n t e r a c t i o n ,  i f  a n y , be tw een  

th e  above f a c t o r s ;  (4) t e s t  th e  e f f e c t  o f  s o i l  f e r t i l i t y  and a u to 

c la v in g  on p e n d im e th a lin  a n a e ro b ic  and a e r o b ic  d is s ip a t io n ;

(5) exam ine  p e n d im e th a lin  d is s ip a t io n  in  th e  f i e l d  u n d e r d i f f e r e n t  

i r r i g a t i o n  and c ro p  management s y s te m s .

8



MATERIALS AND METHODS

R e s id u e  A n a ly s is . C ro w le y  s i l t  loam  (5% sand , 21% c la y ,  74% 

s i l t ,  1.7% o r g a n ic - m a t te r ,  and pH 5 .5 )  was used  f o r  a l l  e x p e r im e n ts .  

S o i l  w a te r  te n s io n  o f  1 /3  b a r  o c c u r re d  w i t h  a 29% w e ig h t /w e ig h t  s o i l  

w a te r  c o n t e n t .1  Two m ethods w ere  used  t o  d e te rm in e  le v e ls  o f  p e n d i

m e th a lin  re m a in in g  in  th e  s o i l  o v e r  v a r io u s  t im e  i n t e r v a l s : e x t r a c 

t i o n  o f  p e n d im e th a lin  fro m  s o i l  and su b s e q u e n t a n a ly s is  by  g a s - 

l i q u i d  c h ro m a to g ra p h y  (GLC) and a b io a s s a y  w i t h  g r a in  sorghum .

E x t r a c t io n  and a n a ly s is  w i t h  GLC w ere  based  on m ethods used  f o r  

o th e r  d i n i t r o a n i l i n e  h e r b ic id e s  ( 4 ) .  S o i l  e x t r a c t io n s  w ere  c a r r ie d  

o u t  b y  a d d in g  50 o r  100 m l o f  7 5 :2 5  h e x a n e : a c e to n e  t o  25 o r  50 g 

o f  a i r - d r i e d  2mm s ie v e d  s o i l ,  r e s p e c t iv e ly .  The s o i l - s o l v e n t  m ix 

t u r e  was a g i t a t e d  a t  260 rpm  on an o r b i t a l  s h a k e r f o r  one h o u r  and

vacuum f i l t e r e d ,  th e  s o lu t io n  was p asse d  th ro u g h  a n h y d ro u s  sod ium

 s u l f a t e ,  and c o l le c t e d .  D in i t r a m in e  (N4 , N4 - d i e t h y l -  α , α , α-

t r i f l u o r o - 3 , 5 - d in i t r o t o lu e n e - 2 , 4 - d ia m in e )  was added as an in t e r n a l

s ta n d a rd .  A l iq u o t s  w ere  a n a ly z e d  w i t h  a g a s - l i q u id  ch ro m a to g ra p h  

e q u ip p e d  w i t h  a 63N i e le c t r o n  c a p tu re  d e te c to r  and a g la s s  co lum n 

p acke d  w i t h  3% OV-17 on G as-Chrom  Q. T e m p e ra tu re s  w ere  200 , 180 

and 325 C f o r  th e  i n l e t ,  o v e n , and d e t e c t o r ,  r e s p e c t iv e ly ,  and th e  

c a r r i e r  gas was 9 5 :5  a rg o n : m e th a n e . R e co ve ry  o f  p e n d im e th a lin  fro m  

C ro w le y  s i l t  loam  sam p les  s p ik e d  in  th e  ra n g e  fro m  .05  t o  4  μ g /g  

a v e ra g e d  83%.

1P .K . Jung  19 79 . E f f e c t s  o f  D ro u g h t on F o r r e s t  S oybeans. M .S . 

T h e s is ,  U n iv e r s i t y  o f  A rk a n s a s , 131 p a g e s .
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B io a s s a y s  w ere done u s in g  g r a in  sorghum  r o o t  e lo n g a t io n  as th e  

re sp o n se  v a r ia b le  s im i la r  t o  th e  te c h n iq u e  o f  P a rk e r  (1 4 ) .  T w e lve  

p re g e rm in a te d  g r a in  sorghum  seeds w ere p la n te d  in  150 g o f  s o i l  a t  

24% m o is tu re  and in c u b a te d  a t  32 C f o r  44 h o u rs .  P e n d im e th a lin  

c o n c e n tr a t io n  was d e te rm in e d  by  c a lc u la t io n  o f  th e  p e rc e n t  i n h i b i 

t i o n  o f  r o o t  g ro w th  (u s in g  th e  le n g th  o f  th e  r o o ts  in  mm) and 

in t e r p o la t in g  t h i s  w i t h  a s ta n d a rd  c u rv e  d e v e lo p e d  fro m  th e  re sp o n se s  

o f  th e  r o o ts  t o  known s o i l  c o n c e n tr a t io n s  o f  th e  h e r b ic id e .

The s ta n d a rd  c u rv e s  w ere o b ta in e d  by  f i t t i n g  th e  d a ta  t o  a 

th re e -p a ra m e te r  e x p o n e n t ia l  m odel o f  th e  fo rm

Y = BO -B 1 e-B 2C 

w here  Y = p e rc e n t  i n h i b i t i o n

BO = th e  maximum i n h i b i t i o n  o c c u r r in g

B1 and B2 =  C o n s ta n ts  a s s o c ia te d  w i t h  th e  h e r b ic id e  c o n c e n tra 

t i o n  e f f e c t  on i n h i b i t i o n

C = h e r b ic id e  c o n c e n t r a t io n , ppmw 

BO -B 1 = i n h i b i t i o n  when the  h e r b ic id e  c o n e . = O.

T h is  m odel f i t t e d  th e  d a ta  w e l l  a t  c o n c e n t r a t io n s  up to  2 μg /g .  

P e n d im e th a lin  c o n c e n t r a t io n s  g r e a te r  th a n  2 μg /g  w ere e s t im a te d ,  

by l i n e a r  in t e r p o la t io n  be tw een  d a ta  p o in t s .  C u rve  f i t t i n g  was 

done u s in g  th e  NLIN p ro c e d u re  o f  th e  SAS 7 9 .5  co m p u te r s t a t i s t i 

c a l  p a cka g e .

L a b o ra to ry  S tu d ie s . The f i r s t  s tu d y  was c a r r ie d  o u t  w i t h  th e  

s o i l  a t  25 C in  th e  d a rk .  A l l  t r e a tm e n ts  w ere  r e p l i c a t e d  th r e e  

t im e s  f o r  b o th  GLC and b io a s s a y  a n a ly s e s .  A p p l ic a t io n  r a te s  were

10



0 , 0 .5, 1.0, and 2.0 ppmw. Pendimethalin for th is  and the follow

ing experiments was applied in 1 ml of hexane solution per 50 g 

of so il to give the desired in i t ia l  concentration of herbicide in 

the so il. At least 12 hours a fte r  treatment was allowed for the 

solvent to evaporate before beginning the experiment. The water 

treatments were (1) a ir  dried, (2) 1/3 bar (29% moisture),

(3) continuous flood (60% moisture) and (4) a lternate  flooding, 

maintained a t 60% moisture on alternate  weeks, then le f t  uncovered 

in the containers the other weeks, the moisture level declining 

to 16±6% over the seven day period. Bioassays and GLC analyses 

were made from whole samples 0, 2, 4, and 8 weeks a fte r treatment,

150 g of so il for bioassays, and 50 g for GLC.

Data was analyzed by a fac to ria l analysis of covariance (ANCOVA) 

with time and in i t ia l  concentration as the covariates. Additionally, 

to model the data for each treatment, regressions over time on the 

natural logarithms were performed.

The second laboratory study examined the effects of f e r t i l iz e r  

amendments and autoclaving on pendimethalin persistence with a 2/3 bar 

moisture and a flooded regime. The experimental design was an 8 

(soil treatments) x 2 (soil moisture treatments) x 2 (herbicide 

rates) x 4 replications fa c to ria l. The so il treatments were as 

follows:

a. No fe r t i l iz e r  without autoclaving

b. No f e r t i l iz e r  + autoclaving

c. 22.5 mg Micracle-Gro® (18-18-21) f e r t i l iz e r  = 27 ug/g N 

in so il + no autoclaving
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d. Same as (c) but with autoclaving

e. 90 mg Miracle-Gro® fe r t i l iz e r  + no autoclaving

f. Same as (e) but with autoclaving

g. 9 mg urea = 27 ug/g N without autoclaving

h. 36 mg urea = 108 yg/g N without autoclaving

F e rtiliz e r  treatments were incorporated throughout the

so il samples before autoclaving. All samples consisted of 150 g of

so il which was incubated for 10 days a t 28 C in 250 ml beakers.

Autoclaved treatments were moistened to 2/3 bar in 250 ml cotton-
2

plugged beakers, autoclaved a t 121 C and 1.3 kg/cm pressure for one 

hour on two consecutive days and also two days a fte r  the second auto

claving.

All bioassay residue analyses included a control with no herbi

cide added to check for v a riab ility  in growth po ten tia l. Pendi

methalin was added to the so il by pipetting onto the so il surface 

3 ml of f i l t e r  s te riliz ed  solution of 100 ug/ml of the herbicide in 

hexane. For a l l  treatments control samples were treated with 3 ml 

of pure hexane. At the end of the 10 day incubation the so il was 

prepared for bioassay by uncovering the beakers and drying i t  to 

approximately 15% so il water content over four days before the 

sorghum seeds were planted. Before th is  drying period a l l  auto

claved, and selected other, treatments were tested for contamina

tion by adding approximately 1 g of wet so il to three culture tubes 

containing s te riliz e d  nutrient broth. Visual observations for the 

presence of microorganisms were made a fte r one and three days a t 

25 C.
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A th ird  laboratory study examined the e ffec ts  of autoclaving

two edaphic chlorophycean algae (3, 13), and lig h t in tensity  on

pendimethalin dissipation in anaerobic s o i l . For a l l  treatments

150 g of so il was added to 500 ml Erlenmeyer flasks and 90 mg of

Miracle-Gro® 18-18-20 was incorporated into the so il. Autoclaved

treatments were then prepared as in the second laboratory study.

Pendimethalin was added to the so il surface from a f i l te r - s te r i l iz e d

solution in hexane to give a concentration of 4 u g/g of s o i l . The

next day, so il was flooded with 300 ml of s te r i le  d is t i l le d  water.

All flasks were placed in a growth chamber with a 16:8 LD cycle a t

31 C in the ligh t and 25 C in the dark cycle. The lig h t in tensity

2 2
was 575 u watts/cm for red and 430 u watts/cm  for blue wavelengths. 

The so il was incubated for 12 weeks and subjected to the following 

treatm ents:

a. dark (flask wrapped in aluminum fo il) without autoclaving

b. dark + autoclaving

c. lig h t without autoclaving

d. lig h t + autoclaving

e. lig h t + autoclaving then inoculated with a unialgal culture 

of Bracteacoccus minor.

f . lig h t + autoclaving then inoculated with a unialgal culture 

of Uronema trentonense.

After incubation, both so il and floodwater of autoclaved t r e a t

ments were checked for presence of microorganisms as in the second 

laboratory study. Redox poten tia l (Eh) and pH of the so il and water
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were measured with an Orion ion analyzer. Soil measurements were made 

by placing the tip  of the electrodes to one half the depth of the 

so il, without disturbing i t  and waiting three minutes before taking 

a reading. To prepare for GLC analysis excess water was drained 

from the so il which was subsequently dried by flowing a ir  over the 

surface for twelve hours. All so il samples were analyzed by gas- 

liquid chromatography.

Field Studies. All fie ld  studies were conducted in Crowley s i l t  

loam a t the Rice Branch Experiment Station of the University of 

Arkansas a t S tu ttgart. Pendimethalin dissipation over time was 

evaluated with GLC and duplicate bioassay analyses for each observa

tion in three management systems in both 1980 and 1981. These in

cluded a flush irriga ted  and subsequently flooded system (lowland 

r ic e ) , a frequently flush irriga ted  but never flooded system (upland 

r ic e ) , and a system with furrow irrig a tio n  (soybeans). Dates of the 

herbicide applications are given in Table 1, dates of irrigation  

are indicated in Figure 3, and related climatological data in Table 2.

Each fie ld  study was subjected to analysis of covariance (ANCOVA) 

with time a fte r herbicide application as the covariate. Regression 

was performed on the natural logarithm of the data for each tre a t

ment, assuming one or two-phase pseudo firs t-o rd er k inetics.

1. Lowland r ic e . Starbonnet rice was dry seeded and pendi

methalin was applied in a tank-mix with propanil (3 ',  4 '-dichloro- 

propionanilide) a t 0.84 kg/ha a t the two-leaf stage of barnyardgrass 

(Echinochloa crusgrali) or a t 1.2 kg/ha a t the four-leaf stage.
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Table 1.1 Dates of pendimethalin application for f ie ld  experiments.

Application Date of application

Management system rate 1980 1981

kg/ha

Lowland rice 0.84 5-19 5-12

1.12 5-23 5-21

Upland rice 1.12 5-7 5-12

Soybeans 0.84 6-27 6-12

1.68 6-27 6-12
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Table 1.2 Climatological data for fie ld  experiments.

Month

1980
Precip. 

Total, mm

1981
Precip. 

Total, mm

Soil temp. °C Soil temp. °C

High Low Avg. High Low Avg.

May
June
July
August
Sept.
Oct.

28
34
36
34
33
22

11
19
22
22
13
4

19.0
25.1
29.6 
28.8 
25.4
14.6

156
38
8
5

139
77

28
35 
37
36 
31 
29

16
24
24
23
19
11

21.4 
28.2
31.5
29.6 
26.2 
19.5

197
116
38
54
21

113

Daily precipitation to ta ls  over 5 mm, May - July, 1980 and 1981

1980 1981

Date P recip ., mm Date Precip ., mm

5-13 51 5-9, 10 28
5-14 49 5-14 16
5-15 9 5-17 80
5-16 24 5-25 17
5-22 10 5-26 43
5-23 6 6-3 22
6-20 27 6-4 23
6-24, 25 11 6-6 55
7-21, 22 7 7-5, 6 11

7-29, 30 20
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Soil samples of a t least 1000 g were taken with a trowel from the 

upper 7.5 cm by combining samples from at least five places in each 

p lot. The soil was stored a t -10 C u n til ready for analysis. Sampling 

was done immediately before herbicide application and a t approxi

mately 0 , 4, 10, 20, 50, 80, and 225 days a fte r. A permanent flood 

u n til harvest was applied June 5 in 1980 and June 3 in 1981, being 

interrupted for only 6 days a t midseason for Straighthead control.

The fie ld  design was a randomized complete block with three replica

tions per treatment.

2. Upland r ic e . Management differed from the flooded rice in 

that the fie ld  area was never flooded, but was flush-irrigated  as 

needed to maintain adequate so il moisture for continued growth of 

the rice . Pendimethalin was applied with propanil a t 1.2 kg/ha

a t the 4-leaf stage of barnyardgrass. Sampling was from three sub

plots of the single treatment, using the same procedure as with the 

flooded rice .

3. Soybeans. The soybeans were grown under a furrow irrigated  

system and planted la te r than the rice experiments (Table 1). 

Pendimethalin was applied preplant incorporated to a depth of 5 cm 

a t 0, 0.84, or 1.68 kg/ha. The fie ld  design was a randomized com

plete block with three replications. Soil sampling and s ta t is t ic a l  

analyses were done as described above.
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RESULTS AND DISCUSSION

Laboratory stud ies. For most moisture treatments pseudo f i r s t -  

order k inetics described dissipation reasonably well over the eight- 

week period of the f i r s t  laboratory study (Table 3). Persistence 

was too great for the air-dry  treatments to detect any significant 

dissipation over time, therefore, these are not included. The average 

amount remaining in the air-dry treatments was 93% of the original 

concentration. There was no significant difference between dissipa

tion rates for the 1/3 bar and continuous flood treatments which 

had, respectively, average h a lf-liv es of 59 and 63 days and both 

averaged 52% of the pendimethalin remaining a fte r  eight weeks 

(Table 3). This suggests there is  probably not a substantial change 

in the dissipation ra te  occurring by varying so il water content from 

1/3 bar tension to flooded conditions. Parr and Smith (15) found 

that dissipation of t r i f lu ra l in  in Crowley s i l t  laom was faster at 

1/3 bar so il moisture than in flooded so il, and that vo la tiliza tion  

did not account for th is  difference.

Dissipation was most rapid with the alternate flood treatment, 

the average half l i f e  being 30 days, and an average of 28% remained 

a fte r 56 days (Table 3). The significant increase in pendimethalin 

dissipation rates when so il water content fluctuated between approxi

mately 16% so il water content and saturated conditions indicates 

that one or more modes of dissipation must be profoundly accelerated 

by the wetting and drying of the so il. This is  consistent with 

the resu lts  of Brewer and Lavy (4) obtained with three other dini- 

troaniline herbicides subjected to the same moisture treatments.
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Table 1.3. Predicted f irs t-o rd e r h a lf-liv es and actual amounts of

pendimethalin in so il a fte r eight weeks a t 25 C.

Treatment

2 a
r

H alf-life  
w /std.error 
lim its (days)

% remain
ing a t 
56 days

Moisture
regime

Application
rate

ug /g

Method
of

analysis

1/3 Bar 0.5

1 . 0

2 . 0

GLC
bioassay
GLC
bioassay
GLC
bioassay

.770** 

.390*

.573** 

.529** 

.562** 

.776**

61<72 < 8 8  
34 <48 <82 
59 <75<103 
43 <56 <80 
49 <  63 < 8 8  
35 <41 <49

59
49
58
46
56
42

Contin
uous

flood

0.5

1 . 0

2 . 0

GLC
bioassay
GLC
bioassay
GLC
bioassay

.592** 

. 5 9 7 ** 

.522**
NDb

.568**
NDb

81<104<148 
42 <54 <76 
58<76 <113 

46b
46< 60 <84 

40b

63
55
60
43
55
38

Alter
nate

flood

0.5

1 . 0

2 . 0

GLC
bioassay
GLC
bioassay
GLC
bioassay

.853**

.605**

.704**
NDb

.585**

.636**

22<25<29 
29 <37 <52 
21<25 <33 

29b
29 <37 <52 
21<26 <31

2 2
35
25
29
33
2 2

2
a r = squared correlation coefficient 

** = highly significant, p < .0 1 ,

* = significant, p <.05

Due to variab ility  in data and/or missing data the error in 
predicting in i t ia l  and final concentratons by a f i r s t  order 
model was > 15%. Therefore, no r 2  is  presented and the 
h a lf- life  was determined by interpolation from the data.
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Savage (19) found that, with flooded and fie ld  capacity so il moisture 

treatments which were dried for 20 day periods before each of several 

sampling times, the pendimethalin dissipation rate was greater with 

the flooded treatment. Possible explanations for an acceleration 

of dissipation with alternate flooding are that wide fluctuations 

in so il moisture increases losses by (1) vo la tiliza tion , (2) micro

b ia l degradation, (3) chemical decomposition or (4) formation of 

bound residues not extractable by mixing with an organic solvent 

and/or unavailable for plant uptake.

1. Volatilization losses from soil can be significant, for 

some din itroaniline herbicides (4, 9, 11, 24). The rate of v o la ti l i

zation of tr if lu ra lin  has been shown to be highly variable, being 

positively correlated to surface so il water content which often 

varies significantly  diurnally, the increase of radiation intensity  

during the day causing movement of t r i f lu ra lin  to the surface along 

a moisture gradient (7). Thus, repeated wetting and drying of the 

so il might bring more of the applied herbicide to the so il surface 

and allow for a significant increase in v o la tiliza tion . However, 

pendimethalin v o la tility  is  re la tively  low compared to tr if lu ra lin  

(8) and whether significant loss by th is  mechanism occurs would 

have to be verified . In the laboratory studies surface fluctuation 

in so il moisture would not have been caused by diurnal variations 

in so il moisture, since the so il was covered and the temperature 

was constant. The increased loss by vo la tiliza tion , i f  i t  occurred, 

should be directly  related to the number of times the soil was 

physically wetted and dried.
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2. Findings on the importance of microbial degradation of 

dinitroaniline herbicides vary (8). Camper et al. (5) found that 

sterilization of three soils totally inhibited the degradation of 

the dinitroaniline herbicides profluralin (N-(cyclopropylmethyl)- 

a , a . ά  -trifluoro-2, 6-dinitro-N-propyl-p-toluidine) and trifluralin  

under both anaerobic and aerobic conditions. In one study, pendi

methalin did not have a significantly different degradation rate 

in non-autoclaved from autoclaved soil under a flood or at field  

capacity (19), however, no mention is made of any efforts to main

tain sterile conditions during the course of the experiment. In 

the second laboratory study, only under aerobic conditions at 2/3 

bar soil water tension did autoclaving significantly increase 

pendimethalin persistence (Table 4). This occurred even though 

tests for the presence of microorganisms with nutrient growth 

cultures were positive for about 50% of the autoclaved samples. 

Possibly during the transformation in soil from anaerobic to pre

dominately aerobic conditions the activation of metabolic activity 

by aerobic soil microorganisms includes an increase in utilization  

of complex organic molecules such as pendimethalin.

If the increased persistence of the autoclaved, moist aerobic 

treatments in the second laboratory study is due to elimination or 

reduction of soil microorganisms, then microbial degradation is 

probably the primary mode of dissipation for incorporated applica

tions of pendimethalin in aerobic so il. The properties of soil 

are changed by autoclaving (9), however, and this could also affect 

dissipation. An increase in dissipation with fertilization of the
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Table 1.4. Effects of soil fertility  and microbial levels on 

pendimethalin dissipation after two weeks at 25 C and at two 

moisture levels.

aMoisture Auto- 
clavingb

 
Fertilizer c
treatment

Pend. cone.,
u g /g c

22
22
22
22
60
60
60
60
60
60
60
22
22
22
22
60

+
+
+

+

+
+

0

1C
4C
1U
4C
4U
1C
1C
0
4C
0
4C
0
4U
1C
1U

2.16 a 
1.92 a 
1.78 ab 
1.22 be 
1.19 c
1.17 c 
1.14 c 
1.11 c 
1.10 c 
1.07 c 
0.98 c 
0.96 c 
0.93 c 
0.87 c 
0.86 c 
0.83 c

a 22% moisture = 2/3 bar soil water tension

"+" = autoclaved before herbicide treatment 
= no autoclaving

C
0 = no fertilizer applied; 1C and 4C = low and high levels of a 

complete fertilizer, respectively as described in text;
1U and 4U = low and high levels of urea, respectively.
Means followed by the same letter are not significantly 
different by the LSD at p < .05. All data listed is from 
soil with an in itia l concentration of 2 ug/g pendimethalin.
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soil might have occurred i f  inorganic nutrients were limiting micro

bial degradation, but this did not occur for any of the treatments. 

Analysis for inorganic nutrients of the soil before treatment was 

not done, but the soil was obtained from an area that had not been 

fertilized in recent years. Greenhouse experiments carried out 

previously with a number of plants resulted in poor growth unless 

the soil was fertilized. Further study is  needed to verify a 

significant role of microorganisms in aerobic pendimethalin degrada

tion. The effects of additions of carbon sources, fertilizers, 

and different sterilization methods in combination should be 

examined.

In anaerobic flooded soil in the third laboratory study pendi

methalin dissipated at similar rates in autoclaved and nonautoclaved 

so il. Presence of microorganisms was not detected in autoclaved non- 

inoculated samples. No growth of Bracteacoccus minor was detected 

in any flasks inoculated with i t .  Growth of minor was probably 

inhibited by pendimethalin since i t  was observed growing in a 

similarly composed medium without pendimethalin present. Uronema 

trentonense grew quite profusely in the flasks inoculated with it ,  

and significantly (by Duncan's multiple range p < .01) raised the 

pH: from 6.1 - 6.5 to 7.1 and from 6.5 - 6.7 to 7.7, respectively,

in soil and in water flooded for 12 weeks. Redox potential did not 

vary significantly between any of the treatments, except that the 

Eh was higher in the water of U. trentonense inoculated flasks 

(+ 122 mV) than a ll other treatments (+ 32 to + 50 mV). Uronema 

trentonense grew on the surface of soil particles but i t  or other
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microorganisms did not appear to be significantly involved in pendi 

methalin metabolism since the loss of pendimethalin from the soil 

was not significantly affected by any of the treatments. Algae, 

however, might affect anaerobic herbicide degradation in submerged 

soils by their influence on the solution chemistry.

3. Consistent with the hypothesis of increased chemical decom

position is that the rate of decomposition of soil organic matter 

has been shown to be greater with alternation between anaerobic and 

aerobic conditions than with continuous anaerobic conditions (18). 

Movement of pendimethalin to "active sites" in soil organic matter 

or clay particles during a wetting/drying cycle might occur thereby 

increasing the amount of herbicide available for decomposition.

The depletion of soil-nitrogen which occurs with alternation of 

anaerobic and aerobic conditions (18) might favor microbial meta

bolism of aniline compounds as a minor nitrogen source. Further 

studies on the effect of wetting and drying on pendimethalin de

compositon should examine the amounts and chemical nature of 

metabolites formed under these conditions.

Changes in the redox potential as the soil is flooded and 

dried may result in differences in the types of reactions pre

dominating with decomposition of organic molecules. The pesti

cide carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methyl 

carbamate) underwent more extensive degradation when exposed alter

nately to anaerobic and aerobic conditions in soil, although no 

significant difference in dissipation of the parent compound was 

found (21). Degradation of trifluralin is initially primarily
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by nitro reduction under anaerobic or by dealklylation under aerobic 

conditions (6) and it  is possible that alternation of these conditions 

could have a synergistic effect on dinitroaniline degradation.

4. The relationship between bioactivity and extractibility 

in organic solvents of several dinitroaniline herbicides has been 

discussed by Helling and Krivonak (9). They demonstrated that 

exhaustive extraction of the herbicides le ft "bound" residues in 

the soil which were only slowly released or degraded and appeared 

to s t i l l  be partially available for plant uptake. It is , however, 

difficult to prove the extent of soil bound residues of the parent 

compound which remain after application of a pesticide. It is 

plausible that wetting and drying of soil causes an accumulation of 

bound residues, but there may also be a concomitant increase in 

chemical degradation as described above, compensating for the in

crease in bound parent compound.

Data from the first laboratory study showed after eight weeks 

there might be a significant difference in the measurements of 

pendimethalin soil residues obtained with a gas-liquid chromatography 

analysis and a bioassay (Figure 1). Results from the first labora

tory experiment, but not from most of the field experiments, seem 

to indicate that the proportion of the extractable residues avail

able for plant uptake (by the GLC method) decreases over time. Our 

observations with field samples collected several months after 

application were that quite often residues which by GLC analyses were 

found to be near, but above bioassay detection limits, did not in 

fact have observable effects on sorghum when bioassays were performed.
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The percent pendimethalin remaining after eight weeks in the 

first laboratory study decreased from averages of 47 to 44 to 41 

with the 0.5, 1.0, and 2.0 yg/g application, respectively (Table 3, 

Figure 2). This difference was not significant but indicates that 

while a pseudo first-order type equation may describe pendimethalin 

dissipation adequately, i t  may not provide a full explanation of 

the mechanism of dissipation. This assumption may be adequate for 

characterization of dissipation for agricultural rates since the 

range of in itia l concentrations used is relatively narrow. The 

1/3 bar and continuous flood treatments had similar pendimethalin 

concentrations throughout all sample times (Figure 2). Alternate 

flood treatments varied in the time at which they began to have 

lower pendimethalin concentrations than the other moist treatments 

(Figure 2), but had considerably shorter half lives at a ll applica

tion rates (Table 3).

Field studies. Dissipation of pendimethalin was most rapid 

with the lowland rice, intermediate with the upland rice, and 

slowest with irrigated soybeans in both 1980 and 1981 (Figure 3, 

Table 5). In many cases the dissipation appeared to follow a two- 

phase pseudo first-order rate, with the first rate more rapid.

With lowland rice data appear to confirm a slower second-phase 

dissipation rate in 1980, but only one sampling time had residues 

within the range of detection and quantitation for this second 

phase. With upland rice, the loss of pendimethalin from the soil 

on a percentage basis consistently occurred at a more rapid rate 

in the first 15 to 20 days after application in both years.
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Table 1.5. Initial phase half-lives for pendimethalin dissipation 

in the field.

1980 1981

Mgmt. 
systema

Rate
(kg/ha)

Anal. 
method 2br

half-
life
days

2r
half-
life
days

IS

UR

LR

0.84

1.68

1.12

0.84

1.12

GLC
bioassay
GLC
bioassay

GLC
bioassay

GLC
bioassay
GLC
bioassay

.815

.843

.517

.967

.882

.858

.821

.890

.716

.726

18.2C 
12.9C 
28.3c 
15.7C

5.8
5.0

4.7
3.1 
6.0
3.2

.817

.853

.711

.765

.851

.710

.945

.905

.623

.918

5.3 
4.7 
7.1
6.5

3.9
6.5

3.5
3.5
3.4
2.9

aIS = irrigated soybeans, UR = upland rice, LR = lowland rice.

br2 = squared correlation coefficient, All coefficients are 
highly significant (p < .01).

cDue to a smaller number of sampling times it  was necessary to
base these half-lives on a longer period after applica
tion. This may have resulted in an overestimation of 
the half-lives for the in itia l period after application.
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In 1980 with the irrigated soybeans pendimethalin dissipation 

was much slower than for the other management systems while in 

1981 the difference was less until about 15 days after treatment, 

by which time it  was much slower. Only with the soybean system 

were potentially phytotoxic levels of pendimethalin remaining at 

the end of the growing season. Winter samples taken from both the 

irrigated soybeans and upland rice plots after the 1980 applications 

indicated that dissipation was extremely slow during the winter 

months (Figure 3).

Initial phase half-lives were calculated for the field experi

ments and were generally similar for each application rate and 

method of analysis within each management system used (Table 5).

The half-lives are based on only three or four sampling periods 

because the half-life became much longer or residues declined be

low detectable levels after this time (Figure 3). Half-lives 

after this in itial phase, where detectable, were longer for all 

management systems. Two-phase pseudo first-order kinetics with 

the first phase having a shorter half-life has been used to de

scribe dissipation of dinitroaniline hervbicides by other research

ers (4, 26).

Dissipation was usually much more rapid in the field than 

in the laboratory for about two weeks after application (Figures 2, 

3). Even in the alternate flood laboratory treatment less rapid 

pendimethalin disappearence resulted than in the field experiments 

with the exception of the irrigated soybeans treatment in 1980.

There are at least three variables which could have a sufficient

28



effect on the dissipation rate of pendimethalin or other dinitroani- 

line herbicides to account for these differences: (1) moisture,

(2) temperature - the rate increases with increasing temperature 

(23), (3) application method - the rate decreases with increasing

depth of incorporation (11). In the present studies, differences 

with moisture favored more rapid loss of pendimethalin in the field. 

Soil temperatures in the in itia l period after application were lower 

in the field than the laboratory for the rice management systems, 

favoring less rapid loss, and were about the same for the soybeans 

(Table 2). Alternation of wetting from rain and irrigation and dry

ing occurred with both upland and lowland rice each year at intervals 

more frequent than one week (Figure 3). Given the acceleration of 

dissipation caused by the alternation of flooded and drying condi

tions for one week each in the laboratory, i t  might be that more 

frequent and more intense wetting and drying causes even more rapid 

dissipation. The method of application is an important difference - 

pendimethalin applications were surface applied with the rice manage

ment unlike the laboratory and irrigated soybean treatments. This 

could substantially increase losses by volatilization, photodecom

position,  or dispersal accounting for much of the loss in persis

tence. Incorporation can greatly reduce losses of dinitroaniline 

herbicides from soil during the first few days after application 

(11). For a ll of the pendimethalin applications in rice except 

the 1.12 kg/ha rate with lowland rice in 1980, several significant 

rainfall events occurred during the first 15 days after application
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of the herbicides (Tables 1, 2). With the irrigated soybeans, in

corporation of pendimethalin and a lower frequency of irrigation 

(Figure 3) would tend to favor less rapid loss, whereas the higher 

temperatures after application would favor more rapid loss. There

fore,  the differences in pendimethalin persistence between the 

various field and laboratory experiments are reasonable given the 

findings of the present and previous studies concerning the effects 

of soil moisture, temperature, concentration, time in the soil, 

and the placement of application on dissipation.

General Discussion. These experiments illustrate that the 

dissipation rate of a herbicide from soil can be greatly altered 

within the range of environmental conditions it  is likely to be 

exposed to. The effects of many parameters must be understood in 

detail before herbicide persistence in the field can be predicted 

with confidence.

Results of the present studies indicate that, in situations 

where pendimethalin soil applications are not incorporated, the 

degree of activity achieved will be highly dependent on the changes 

in soil water content over the first several days after application. 

In situations where soil water content may reach levels near satura

tion and subsequently decline near the surface, activity may be 

sharply reduced. This often occurs with dry-seeded rice in Arkansas. 

Consistent with this are the reports of rice farmers near the site 

of the field experiments in 1981 that pendimethalin failed to pro

vide residual weed control when two or more rainfalls occurred 

totalling several centimeters within a few days after application.
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Soil water content appears to be a critical variable affecting pendi

methalin dissipation rates and its effects are often indirect, 

possibly through affecting soil microbial populations involved in 

pendimethalin degradation, altering volatilization rates, or forma

tion of bound residues. The present studies indicated that examina

tion of the effect of changes in environmental conditions over 

time on herbicide persistence may be necessary for an understanding 

of the mechanisms of dissipation of herbicides such as pendimethalin 

and to effectively use laboratory studies to interpret or predict 

field dissipation.
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Figure 1.1 Pendimethalin dissipation over time by gas-liquid 
chromatography and bioassay. All values represent 
means over three in it ia l concentrations and four 
moisture treatments.
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Figure 1.2. Dissipation of pendimethalin at three application rates 
and three moisture regimes. A ll values represent means 
over both methods of analysis.
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Figure 1.3. Dissipation of pendimethalin in the field with three 
crop management systems in 1980 and 1981. All values 
represent means over both methods of analysis.
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Figure 1.3 (continued).
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Chapter I I

Effects of Soil Water Content on Oxadiazon Dissipation
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ABSTRACT

Oxadiazon [2-tert-butyl-4(2,4-dichloro-5-isopropoxyphenyl)-Δ2 

1,3,4-oxadiazolin-5-one] is used for weed control in rice in a 

variety of water management systems. Laboratory, greenhouse, and 

field experiments were conducted to evaluate soil water influences 

on oxadiazon dissipation in a Crowley s ilt  loam. Comparison of 

a chemical method with analysis by gas-liquid chromatography and a 

bioassay with ta ll fescue (Festuca arundinacea Schreb.) indicated 

that by eight weeks after oxadiazon was applied an average of 45% 

of the oxadiazon remaining in soil exposed to different soil water 

regimes was biologically inactive. Oxadiazon dissipation was 

negligible over 20 weeks in air-dry soil. Between 1/3 bar, continuous 

flood, and alternate flood laboratory treatments at 25 C oxadiazon 

dissipation varied very l it t le ,  with an average of 59% remaining 

after 20 weeks. Increasing the application rate fourfold increased 

oxadiazon persistence slightly. In a greenhouse study subsurface 

application of oxadiazon reduced its biological activity but in

creased its persistence as much as four times compared to surface- 

applied oxadiazon. In field studies surface-applied oxadiazon 

in itia lly  had a half-life of four to 11 days with flooded and 15 

to 33 days with irrigated, non-flooded rice (Oryza sativa L.) manage

ment systems. Oxadiazon dissipation in the field was much slower in 

the field beginning 10 to 40 days after application, but did not 

exhibit any phytotoxicity after this time. These studies indicate 

that oxadiazon carry over potential is greatest when the herbicide 

is incorporated following application.
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INTRODUCTION

Oxadiazon is a soil applied herbicide which is recommended for 

use in rice, orchards, ornamentals, and turf (15). Use of oxadiazon 

for weed control in rice has been initiated in numerous countries 

throughout Africa, Asia, Europe, North America, and South America 

(1, 9, 13, 14, 17).

Ambrosi et al. (5) found less than 25% of oxadiazon was de

graded after 175 days in soil under both moist (75% field capacity) 

and flooded conditions. Another study found 73-96% of the applied 

oxadiazon remaining after 144 days in three soils which were exposed 

to saturated or flooded moisture levels (13). Rhone-Poulenc indi

cates that oxadiazon has a half-life of two to six months in soil 

(17).

Evidence for the persistence of oxadiazon is also provided by 

its residual weed control. Ghobrial (9) found that oxadiazon gave 

good residual control of weeds for six to seven weeks at 0.5 or 1.0 

kg/ha in irrigated dry seeded rice. Mermoud et a l. (14) achieved

good weed control in sprinkler irrigated rice 11 weeks after applica

tion with oxadiazon. Excellent residual control of broadleaf and 

sedge weeds in dry-seeded rice was obtained with oxadiazon at 1.5 

kg/ha in a poorly leveled field which was irrigated periodically 

( 1 ).

Other data in the literature on oxadiazon consistently indicate 

i t  has properties which should cause i t  to be one of the more persis

tent herbicides in use today. Oxadiazon is low in water solubility; 

about 0.7 mg/liter, and strongly adsorbed by soil organic matter (8).
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In most soils leaching of oxadiazon is negligible (4). Volatiliza

tion losses at 75% field capacity and in flooded soil are reported 

to be an insignificant mode of dissipation (5).

Information is needed on the dissipation over time of oxadiazon 

as affected by climatic conditions to evaluate conditions for 

effective residual control and potential carry over problems when 

oxadiazon is used. This herbicide is used, or being evaluated for 

use, in a wide variety of water management systems with rice in many 

countries. Due to the potential for persistence of oxadiazon, it  

is important to evaluate how different soil moisture conditions 

affect dissipation of this herbicide.

This research was carried out to determine the effects of 

soil water content and application rate on oxadiazon dissipation 

over time, and to compare a chemical assay and a bioassay method 

for oxadiazon soil residues. Additionally, influence of depth of 

application in soil on the phytotoxicity and persistence of 

oxadiazon was examined. Lastly, oxadiazon dissipation over time 

in the field was studied with different water management systems.
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MATERIALS AND METHODS

Residue Analysis. For the laboratory, greenhouse, and field 

experiments oxadiazon residues in a Crowley s ilt  loam (5% sand,

21% clay, 74% s ilt ,  1.7% organic matter and pH 5.5) were examined 

by both a chemical determination and a bioassay.

Soil extractions were carried out by adding 50 or 100 ml of

75:25 hexane:acetone to 25 or 50 g of air-dried 2 mm sieved soil,

respectively. The soil-solvent mixture was agitated at 260 rpm on

an orbital shaker for one hour before vacuum filtering. To the

filtered solution was added 1 g anhydrous sodium sulfate per 10 ml

of solution and the mixture was agitated three times for a minute

at five minute intervals to remove any water present. Pendimethalin

(N-l-ethylpropyl)-3,4 dimethyl-2,6-dinitrobenzeneamine) was added

as an internal standard, using 0.5 or 1.0 ml of 100 Ug/g solution

in hexane for 50 or 100 ml of extraction solvent, respectively.

Aliquots were analyzed with a gas-liquid chromatograph equipped with 

63a 63 Ni electron capture detector and a glass column packed with 3% 

OV-17 on Gas-chrom Q or 3% OV-225 on 80/100 Chromosorb W-HP. Tempera

tures were 250, 210 to 225, and 350 C for the inlet, oven, and detector, 

respectively, and the carrier gas was 95:5 argon:methane. Recovery 

of oxadiazon from spiked Crowley s ilt  loam ranged from 89±3% at 0.1 

pg/g to 95±3% at 4.0 ug/g.

Two bioassay plants were used: Kentucky 31 tall fescue (Festuca 

arundinacea Schreb.) and red Sprangletop [Leptochloa filiformis (Lam.) 

Beauv.] Tall fescue was used for a ll bioassays in a laboratory and
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a greenhouse study while both ta ll fescue and red Sprangletop were 

used in the field  study. For a ll bioassays 600 g of spiked soil 

or soil to be analyzed for residues was added to 12 by 12 cm plastic 

pots with drainage holes. For fie ld  sample bioassays, approximately 

25 ta ll fescue seeds were planted in one side of the pots and about 

50 Sprangletop seeds on the other side with a border zone of soil 

2.5 cm wide in the center with no seeds planted. All bioassays were 

conducted in a greenhouse. Sprangletop was rated for injury on the 

basis of extent of chlorosis and percent germination. Tall fescue 

was rated by the amount of twisting of stems as well as the extent 

of chlorosis. Injury ratings were taken approximately 30 days after 

planting.

Standard curves for determination of oxadiazon residues were 

obtained by linear interpolation between percent plant injury ob

tained with various levels of herbicide spikes between 0 and 8 yg/g  

of so il. Tall fescue could be used to quantitate oxadiazon resi

dues between 0.5 and 8 yg/g of so il whereas red Sprangletop could 

be used for oxadiazon quantitation between 0.3 and 1.25 yg/g of 

s o i l .

Laboratory study. Crowley s i l t  loam was incubated in the dark 

at 25 C. The effect of application rate, moisture, time, and analyt

ical method on oxadiazon persistence was investigated. Application 

rates were 0, 1, 2, and 4 yg/g for GLC analysis and 0, 2, 4, and 

8 yg/g for bioassay. Oxadiazon was applied in 1 ml of hexane 

solution per 50 g of so il to give the desired in itia l concentration
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of herbicide in the soil- At least 12 hours after treatment was 

allowed for the solvent to evaporate before initiating moisture 

treatments. Water treatments used were: 1/3 bar (29% moisture), 

continuous flood (60% moisture), and alternate flood, (maintained 

at 60% moisture in loosely covered containers for one week periods, 

then le ft uncovered in the containers on alternate weeks). All 

treatment combinations were replicated five times each for GLC and 

bioassay determinations. Sample sizes were 50 g for GLC analysis 

(in loosely stoppered 250 ml Erlenmeyer flasks) and 600 g for 

bioassay (in plastic pots covered with aluminum f o i l ) . A total 

of 400 flasks and 400 pots allowed GLC analyses and bioassays to 

be made from whole samples 0, 2, 4, 8, and 20 weeks after treat

ment. For each time, moist so il treatments were prepared for bio

assay by drying the soil intact in the pots in a greenhouse for up 

to seven days. Soil for bioassays using standard concentrations 

of oxadiazon were also placed in the greenhouse at the same time. 

After drying, bioassays were conducted in the same pots they were 

previously incubated in. Data were analyzed by: (1) a factorial

analysis of variance (ANOVA) of the effects of moisture regime, 

application rate, time, and method of analysis excluding the 1 ug/g 

rate measured by gas-liquid chromatography and the 8 yg/g rate 

measured by bioassay; (2) analysis of covariance (ANCOVA) with 

time as the covariate with the same data set; (3) ANCOVA with GLC 

data only, and; (4) ANCOVA with bioassay data only, a ll with the 

zero application rate of oxadiazon excluded. Natural logarithms
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of the data for each treatment were subjected to regression analysis

over time to determine the suitability of first-order kinetics in 

describing oxadiazon dissipation.

Greenhouse study. Oxadiazon persistence and activity was 

examined in applications at differing depths of soil in 12 by 12 cm 

plastic pots. The total weight of so il in each pot was 800 g. The 

total soil depth was 11.5 cm.

The following treatments were used:

1. Control - 4 ml hexane added to 800 g so il.

2. 1.6 mg oxadiazon added from 4 ml of 400 ug/g of oxadiazon 

in hexane to the upper 1.2 cm of so il.

3. 1.6 mg oxadiazon added to so il from 1.2 to 3.2 cm deep.

4. 1.6 mg oxadiazon added to so il from 3.2 to 11.5 cm deep.

5. 1.6 mg oxadiazon incorporated throughout the so il.

6. 0.2 mg oxadiazon added to the upper 1.2 cm of so il.

7. 0.4 mg oxadiazon added to so il from 1.2 to 3.2 cm deep.

All treatments were replicated six times. Tall fescue seed was 

planted and percent injury was evaluated after 30 days. At 45 

days after planting, so il cores were taken from the 11.5 cm deep 

so il. Three replicates of treatments 1, 2, 3, 4, and 5 were taken 

with a so il sampling tube and divided into four equal parts by 

depth. All samples were analyzed for oxadiazon residues by gas- 

liquid chromatography.

Field studies. All field  studies were conducted in Crowley 

s i l t  loam at the Rice Branch Experiment Station of the University
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of Arkansas at Stuttgart. Oxadiazon dissipation over time was evaluated

in two rice management systems in both 1980 and 1981: (1) a flush

irrigated and subsequently flooded system (lowland r ice ), and 

(2) a frequently flush irrigated but never flooded system (upland 

r ice). Dates of oxadiazon application were May 19 and 23 (lowland 

rice) and May 7 (upland rice) in 1980 and May 12 and 21 (lowland 

rice) and May 12 (upland rice) in 1981. A flood was applied June 5 

in 1980 and June 4 in 1981. Related climatological data and timing 

of irrigations have been presented previously (6). Soil samples 

of at least 1400 g were taken with a trowel from the upper 7.5 cm 

of soil by combining samples from at least five places in each plot. 

The soil was stored at -10 C until ready for analysis.

Each field study was subjected to analysis of covariance 

(ANCOVA) with time after herbicide application as the covariate. 

Regressin was performed on the natural logarithm of the data for 

each treatment over an in itia l time interval of 10 to 40 days to 

test for the applicability of pseudo first-order kinetics.
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RESULTS AND DISCUSSION

Laboratory study. Oxadiazon dissipation was significantly 

affected by the application rate and soil water content (Table 1). 

Measurements of oxadiazon residues varied with the method of 

analysis (Figure 1).

The proportion of residues detected by bioassay compared to 

the residues detected by GLC analysis declined from an average of 

1.00 to 0.96 to 0.84 to 0.55 to 0.56 at 0, 2, 4, 8, and 20 weeks 

(Figures 1). Residues detected by bioassay became especially lower 

over time than those detected by GLC analysis with the air-dry 

moisture treatment (Figures 2-5). The air-dry treatment averaged 

47% of the original oxadiazon remaining after 20 weeks as measured 

by bioassay, compared to 37% on the average for the other moisture 

regimes (Table 1). Corresponding averages for the GLC measurements 

were 96% for the air-dry and 59% for the remaining moisture regimes. 

Thus, i t  appears that there is  a portion of adsorbed oxadiazon in 

the soil which is  unavailable for plant uptake but which is extract- 

able by methods such as used in this study for GLC analysis. This 

reversibly adsorbed portion could be increasing up to an equilibrium 

point, which as this study suggests is about eight weeks, since the 

ratio of residues detected by GLC to those detected by bioassay did 

not change after this time.

Persistence of oxadiazon as measured by in itia l half lives 

with different application rates was similar (Table 1). After 

four to eight weeks, however, the dissipation rate slowed with 

the moist soil regimes for both GLC and bioassay detectable
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Table 2.1 In itial phase first-order half-lives and actual amounts 

of oxadiazon in soil after 20 weeks at 25 C.

Method of 
analysis

Applic. 
rate

uq /g

Moisture
regimea 2br

Initial 
h alf-life  
w/std. error 
limits (weeks)

% remaining 
at 20 wks

GLC 1 . 0

2.0

4.0

AD
FC
CF
AF
AD
FC
CF
AF
AD
FC
CF
AF

ND
.903**
.655**
.367**c

ND
.662**
.867**
.460**c 

ND
.649**c 
. 336**c 
.725**c

ND
16<17<18
15<17<20

26c
ND

17<20<24
15<17<18

12c
ND
16c
26c
13c

94d
43
46
68
94
51
45
65
99
68
70
73

Bioassay 2.0

4.0

8.0

AD
FC
CF
AF
AD
FC
CF
AF
AD
FC
CF
AF

.335**

.347**

.255**

.155*

.211*

.531**

.580**

.556**

.618**

.477**

.591**

.382**

15<22<44 
10<13<17 
12<16<21 
16<22<40 
20<28<47 
9<11<14 
9<11<13 
9<11<14 

12<14<17 
12<15<19 
10< 3.2<15 
12<15<21

48 
32
30 
44
49 
34
31 
31 
43 
48 
39 
41

aAD = air-dry, FC = field  capacity (1/3 bar soil water tension),

CF = continuous flood, AF = alternately flooded.

b S q u ared  correlation coefficient ** = highly significant ,

p < .01; * = significant, p < .05, ND = no data.

cIndicates values based on regressions over the first eight weeks. All 
other regressions were over the entire 20 week period.

dPercent remaining at eight weeks (more than 100% was found at 
20 weeks, indicating the amount remaining was probably 
overestimated).

48



oxadiazon (Figures 2-5). The change to a slower dissipation rate 

or longer h a lf-life  was more pronounced at higher application rates 

(Figures 2-4).

Adsorption of oxadiazon is  likely an important factor in the 

treatment effects discussed heretofore. A substantial portion of 

a herbicide which is  strongly adsorbed to so il clay and organic 

matter is  often retained in the so il in a form unavailable to 

plants (16, 18). Since oxadiazon is  strongly adsorbed to soil 

colloids (8), this favors the retention of i t  in a biologically 

unavailable soil fraction. In the present study noninstantaneous 

formation of bound residues resistent to chemical extraction may 

have been small as evidenced by the fact that the oxadiazon con

centration determined by GLC declined only 4% over 20 weeks with 

the air-dry so il treatment. However, there could have been forma

tion of bound residues with the moist treatments which did not 

occur with the air-dry treatment.

With the exception of the air-dry treatment analyzed by GLC,

there was very l i t t le  difference in dissipation rates with the

moisture regimes used. This is consistent with the findings of

14Ambrosi et a l . (5) that dissipation of C phenyl-labelled oxadia

zon occurred at similar rates with 75% field  capacity and flooded 

soil treatments.

Greenhouse study. Application depth had a strong influence on 

both the bioactivity and so il persistence of oxadiazon. Activity 

of oxadiazon on ta ll fescue planted after application was observed 

for a ll three application zones used, but was greatest when present
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in the top 1.2 cm and least when applied at 3.2-11.5 cm depth 

(Figure 6). In treatments not shown, when the total amount of herbi

cide applied was reduced to 12.5% of that in the treatments in 

Figure 6 in the upper 1.2 cm, ta ll fescue injury was only 14%.

When the amount of herbicide applied was reduced to 25% 

of the treatments in Figure 6 and applied in the 1.2-3.2 cm layer 

injury was 47%. These results seem to verify that oxadiazon 

activity on ta ll fescue is  greater in the upper 3 cm of so il. Per

sistence of oxadiazon 45 days after planting was the same for the 

top two application zones but activity on ta ll fescue was sign ifi

cantly greater when oxadiazon was applied to the top 1.2 cm. Per

sistence of oxadiazon applied more than three cm below the surface 

was much greater with only 13% being lost from the soil compared 

to 54 and 55% for the application to the top and second layer, 

respectively, and 34% from the application which was incorporated 

throughout.

Distribution of oxadiazon through different sampling zones 

was concentrated in the treated zones, indicating very l i t t le  

leaching had occurred. Increased disappearance rates of oxadiazon 

with soil at or near the surface might be due to photodecomposition, 

which was shown to occur by Ambrosi and Desmoras (2), and more 

recently found to be a significant mode of dissipation in flooded 

soils but not in saturated soils (13). Volatilization was found 

to account for 1% or less of oxadiazon lost from moist or flooded 

soil after 25 weeks (5). Plant uptake of oxadiazon might be more 

efficient in the upper 3.2 cm layer of soil,  causing higher activity
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when the herbicide application is  concentrated near the surface. 

Bingham et a l. (7) reported that uptake of oxadiazon by peanuts 

(Arachis hypogaea L.) increased when increased moisture caused 

more root growth near the surface. In the present study, however, 

roots of ta l l  fescue were found to be distributed throughout a ll 

depths, although they were more dense near the surface. The higher 

activ ity  in soil near the surface might also be explained by a 

greater susceptibility  of t a l l  fescue to phytotoxic effects of 

oxadiazon when the plants are young and the roots shallow. Indica

tion of the potential for plant uptake is  given by the works of 

Ishuzuka e t a l. (10) who found that about 5% of oxadiazon applied 

to a nutrient solution was absorbed by roots of rice seedlings 

within 10 days, and Ambrosi and Desmoras (3) who found 1 to 5% 

of oxadiazon applied to three soils was taken up by rice and 

soybeans [Glycine max (L.) M err.].

Field studies. Persistence of oxadiazon in the fie ld  in both 

1980 and 1981 was much less than in the laboratory study. However, 

a fter an in i t ia l  period of rapid dissipation lasting about 10-40 

days, there was a sharp drop in the rate a t which oxadiazon was 

being lost from the so il. In th is second phase, the rate of loss 

was comparable to that observed in the laboratory study (Figures 

7, 8). This second phase was not observed with residue determina

tions by bioassay since a t that point oxadiazon concentrations had 

declined to levels below bioassay detection lim its.

Half-lives in the fie ld  during the f i r s t  phase ranged from four 

to 17 days except for upland rice management in 1981 (33 days)
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(Table 2) as compared to half-lives ranging from 78 to 179 days for 

the moist treatments in the laboratory study (Table 1). The per

sistence of oxadiazon was in itia lly  greater in the upland rice than 

the lowland rice water management system, average half-lives being 

six and 16 days in 1980 and six and 15 days in 1981 for lowland 

and upland rice , respectively, excluding regressions which were not 

highly significant. Soil moisture, in the laboratory study, did 

not have much effect on oxadiazon dissipation rate over a range of 

moisture levels encompassing conditions likely to occur in the field . 

I t  might be that with the surface applications of the field  experi

ments in the present study, soil moisture effects on oxadiazon 

dissipation rates are magnified.

General discussion. Extrapolation of data from the greenhouse 

study shows that incorporation of oxadiazon in Crowley s i l t  loam 

appears to increase several fold the time for 50% disappearance. 

Incorporation might be largely responsible for the more than 10- 

fold increase in the h a lf- life  of oxadiazon in moist soil in the 

laboratory over the h a lf- life  in the fie ld .

Adsorption of oxadiazon by soil colloids might be a major 

factor restric tin g  i t s  decomposition after non-adsorbed herbicide 

on the soil surface is  dissipated and the remaining herbicide be

comes more evenly distributed in the so il. LaFleur (12) has 

postulated that a two-phase first-o rder event described pesticide 

dissipation because dissipation during the in i t ia l  phase is 

dominated by free non-adsorbed pesticide. In the second phase,
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Table 2.2 In itia l  phase firs t-o rder half-lives for oxadiazon 

dissipation in the fie ld .

Management
system

GLC

2a
r

h a lf-life
days

Bioassay

2a
r

h a lf-life
days

1980

1981

Lowland rice #1 
Lowland rice #2 
Upland rice

Lowland rice #1 
Lowland rice #2 
Upland rice

.874**

.432**

.831**

.743**

.935**

.856**

6.2
7.2

15.8

6.4
4.0

15.1

.940** 

.392NS 

.696**

.653** 

.676** 

. 357*

6.3
10.7
16.5

8.6
4.7

33.0

aSquared correlation coefficient, ** = highly significant ,

p < .01, * = significant, p < .05, NS = not significant.
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free pesticide concentration is  relatively  low and stable and th is 

rate of loss of pesticide is  significantly slower. Related experi

ments (1 1 ) indicated that sometimes several weeks are required for 

pesticide adsorption to reach dynamic equilibrium with soil organic 

matter. In the fie ld  experiments of the present study there may 

have been two types of processes dominating oxadiazon dissipation 

in sequential phases after application. Strong circumstantial 

evidence for th is is  provided by the much slower dissipation rate 

of oxadiazon which occurred beginning 10 to 40 days after applica

tion (Figures 7, 8 ). Several researchers have shown that adsor

bents often decrease herbicide dissipation rates, depending on 

the chemical nature of the adsorbent and the herbicide (15, 16,

18) .

These studies indicate oxadiazon persistence is only slightly  

affected by variations in soil water content, except that i t  is 

greatly increased in dry so il. Due to the substantial adsorption 

of oxadiazon by organic matter and clay, a significant reservoir 

of biologically inactive oxadiazon may remain in the soil long 

after herbicidal activ ity  is  lo st. This is  of potential s ig n ifi

cance in that buildup of residues, especially in soils with high 

adsorptive capacity, could possibly occur when oxadiazon applica

tions are repeated in the same fie ld  in successive years.

Further research is needed to examine the mechanisms for 

oxadiazon dissipation in soils especially a t the soil-water 

interface. Also useful would be more information on the specific 

effects of different clays and types of organic matter.
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Figure 2.1. Oxadiazon dissipation over time by gas-liquid chromatography 
and bioassay. All values are averages over a l l  moisture 
regimes and the 2 and 4 ug/g application rates for each 
method.
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Figure 2.2. Oxadiazon dissipation over time with four soil moisture 
regimes as determined by gas-liquid chromatography:
1 ug/g application rate.

58

%
 O

XA
DI

AZ
ON

 R
EM

AI
NI

NG
 

(In
 s

ca
le

)

120

100

75

6 0

5 0

4 0

0  4  8 12 16 20

LSD (05)

Air-dry 
Field capacity 
Continuous flood 
Alternate flood

WEEKS AFTER TREATMENT



Figure 2.3. Oxadiazon dissipation over time with four so il moisture 
regimes as determined by gas-liquid chromatography:
2 ug/g application rate.
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WEEKS AFTER TREATMENT

Figure 2.4. Oxadiazon dissipation over time with four moisture 
regimes as determined by gas--liquid chromatoaraphy: 
4 ug/g application rate .
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Figure 2.5. Oxadiazon dissipation over time with four soil 
moisture regimes as determined by a ta ll fescue 
bioassay. All data are averages over three 
application rates.

61



%  Injury of Tall Fescue 

92 a 76b 23d 47c

SAMPLING DEPTH 
RANGE, cm

0 -2 .9  cm 

2.9-5.8cm  

5.8-8.6cm  

8.6-11.5cm

%
 O

X
A

D
IA

Z0
N

 R
EM

A
IN

IN
G

0-1.2 1.2-3.2 3.2-11.5 0-11.5
TREATMENT DEPTH RANGE (cm)
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oxadiazon concentration in soil 45 days later. Per
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sampling depths declined from 28% at the top to 21% 
at the bottom.
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Figure 2.7. Oxadiazon dissipation in the field with two water
management systems as measured by gas-liquid chroma
tography. 1980.
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Chapter II I

Atrazine Dissipation Rates 

in Anaerobic and Aerobic Soil Moisture Regimes
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ABSTRACT

Atrazine [2-chloro-4-(ethylamino)-6-(isopropylamino) -s-triazine] 

is a herbicide with carry-over potential that is used for weed con

tro l in crops which may be grown in rotation with rice. Dissipa

tion rates determined by high pressure liquid chromatography (HPLC) 

in four moisture regimes at 25 C in a Crowley s i lt  loam followed 

pseudo first-order kinetics. The half-lives were increased, how

ever, from an average of 47 to 56 days for 1/3 bar, flooded, and 

alternately flooded moisture regimes as the application rate was 

increased from 1 to 4 μg/g. Average half-lives for air-dry, field 

capacity, flooded, and alternately flooded moisture regimes were 

>> 165, 52, 49, and 52 days, respectively, indicating that atrazine 

persistence is similar in anaerobic or alternately anaerobic con

ditions to that in moist, predominately aerobic soil. Both HPLC 

and bioassays with soybeans [Glycine max (L.) Merr.] were used to 

determine atrazine residues in soil planted to grain sorghum 

[Sorghum bicolor (L.) Moench] in each of two years. Half-lives 

ranged from 18 to 25 and 20 to 32 days with preemergence and pre

plant incorporated treatments, respectively. Atrazine half-lives 

determined by bioassay averaged 28 and 23 days for the two years 

compared to 23 and 21 days with HPLC analyses. The soybean bioassay 

had a sensitivity range for concentrations of atrazine in soil that 

was comparable to the HPLC method when the soil was diluted as 

necessary to achieve a herbicide concentration in the most sensi

tive range of the bioassay. When high dilutions of 10 to 20-fold 

were made the bioassay method underestimated atrazine concentration.
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INTRODUCTION

Dissipation rates of atrazine in soil have been the subject 

of a number of studies (4,9, 10, 15, 16, 17, 18, 19, 20, 23). Some 

variables which have been shown to influence atrazine dissipation 

rate in soil include temperature (15, 16, 17, 20, 23), moisture 

(10, 19, 20), concentration (4, 9, 18) , and depth of incorporation 

(4). In most studies pseudo first-order kinetics have adequately 

described atrazine dissipation in the laboratory (10, 18, 19, 20,

23) but others have found dissipation to deviate significantly from 

a first-order rate (9). In the field factors affecting atrazine 

persistence are dynamic, and first-order kinetics may not be 

adequate to describe atrazine dissipation without accounting for 

the effect of change in conditions over time such as temperature 

and moisture (20).

Atrazine persistence in soils is sufficient to result in 

carry over of phytotoxic residues in some field conditions (17).

The dissipation rate of atrazine in general is more rapid with in

creasing soil water content below field capacity (19, 20). Rates 

of atrazine chemical and microbial degradation may decline somewhat 

when the water content is sufficient to flood the soil (6). De

gradation of atrazine to a hydroxy derivative has been shown to be 

an important dissipation mode in flooded (21) and aerobic (1) soil.

Specific information is lacking on how anaerobic conditions 

might alter atrazine dissipation rates. Atrazine is used for weed 

control in situations where anaerobic conditions are unlikely to 

predominate in soil. However, atrazine sometimes is applied with
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crops that are followed in rotation by rice, where anaerobic condi

tions often do predominate.

This research was carried out to determine the effect of con

tinuous and alternate anaerobic conditions on atrazine dissipation 

rates at three in itia l concentrations in Crowley s ilt  loam. This 

soil is commonly used for rice production in rotation with other 

crops in Arkansas and Louisiana. Field experiments were also con

ducted in irrigated grain sorghum to determine the potential for 

atrazine carry over when surface applied or preplant incorporated 

in Crowley s ilt  loam.
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MATERIALS AND METHODS

Residue analysis. A Crowley s ilt  loam (5% sand, 21% clay, 74% 

s ilt ,  1.7% organic matter, and pH 5.5) was used for a ll experiments. 

Atrazine was chemically extracted from soil and then analyzed by 

high pressure liquid chromatography (HPLC) in both the laboratory 

and field experiments. For the field study analyses a bioassay 

using soybeans was also used as an analytical tool.

The chemical extraction was based on an established method 

for gas-liquid chromatographic analysis (14). Soil extractions 

were carried out by adding 50 g of soil with known moisture con

tent to a 250 ml round bottom flask along with 100 ml of 90% 

acetonitrile. The soil-solvent mixture was refluxed for one hour, 

then immediately cooled in an ice bath. The mixture was filtered 

and 60 ml of the filtra te  was added to a 500 ml separatory funnel.

To the filtra te  was added 300 ml of water plus 20 ml of saturated 

aqueous NaCl. Two extractions were carried out in the separatory 

funnel with 25 ml of dichloromethane. The combined fractions of 

dichloromethane were evaporated to dryness in test tubes in an 

Organomation N-Evap®. To the residue in the test tubes was added 

2 ml dichloromethane.

A Silica Sep-Pack® (Waters Associates, Inc) was flushed in 

sequence with 3 ml 5% diethyl ether in dichloromethane, and twice 

with 2 ml of 100% dichloromethane before adding the 2 ml of dichloro

methane containing the atrazine residue. Subsequently, 6 ml of 3% 

diethyl ether in dichloromethane was flushed through the Sep-pak® and 

discarded along with a ll previous fractions. A final rinse of the
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Sep-Pak® with 13 ml of 5% ether in dichloromethane was used to elute 

the atrazine from the Sep-Pak®. To this solution was added 3 ml of 

2 μg/ml linuron [3-(3,4-dichlorophenyl)-1-methoxy-1-methylurea) ] in 

dichloromethane which was used as an internal standard.

Analysis for atrazine was performed with a liquid chromatograph 

equipped with a fixed 254-nm UV detector, and a 5 mm i.d. Radial-Pak 

10 μm C8 column. The mobile phase was 30% acetonitrile - 70% water

at a flow rate of 2 ml/min. Recovery of atrazine from Crowley s ilt  

loam spiked in the range from 0.05 to 8.00 μg/g averaged 84%.

Soybean bioassays were performed in a greenhouse for a ll field 

experiments. A standard curve was obtained for the bioassays from 

ratings of soybean injury due to known concentrations of atrazine. 

Ratings were based on the extent of chlorosis and loss of foliage 

28 days after planting. Standard curves were determined with each 

bioassay. Atrazine concentration was determined by linear regres

sion of the injury rating for atrazine concentrations from 0.1 to 

0.5 μg/g of soil. For soil containing atrazine residues in excess 

of 0.5 μg /g  the treated soil was bioassayed again using a dilution 

technique. The soil was passed through a 2 mm sieve and thoroughly 

mixed with untreated 2 mm sieved soil in proportions to manipulate 

the residue level to the range of greatest sensitivity of the 

bioassay.

Laboratory study. This study was carried out in an incubator 

at 25 C in the dark. Effects of the following factors on atrazine 

dissipation rate were studied in a factorial design: (1) the

application rate at 0, 1, 2, and 4 ug/g; (2) soil moisture using
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air-dry, 29% moisture (1/3 bar), 60% moisture (continuous flood), 

and an alternately flooded and dried (to 21±5% soil moisture) re

gime over a seven day period. Entire 50 g samples were extracted 

for HPLC analysis 0, 30, 50, and 165 days after treatment.

Data converted to percent original concentration remaining 

and log-transformed were analyzed by a factorial analysis of 

variance and analysis of covariance (ANCOVA) with time as the 

covariate. Regressions over time for each treatment combination 

was performed to te s t che applicability  of pseudo first-o rd er 

k ine tics .

Field study. Atrazine dissipation rates in Crowley s i l t  

loam were evaluated at the Rice Branch Experiment Station of the 

University of Arkansas a t S tu ttgart. Atrazine was applied pre

emergence or preplant incorporated to a depth of 5 cm a t 2.24 kg/ha 

in plots which were subsequently planted to grain sorghum. Applica

tion dates were May 28 in 1980 and May 14 in 1981. The fie ld  de

sign was a randomized complete block with three replications per 

treatment.

Atrazine dissipation over time was evaluated using both HPLC 

analyses and bioassays. Soil sampling for residue analysis was 

done prior to and immediately a fte r atrazine applications, and at 

various time in tervals thereafter, as shown in Figure 2. Soil 

samples of a t least 1000 g were taken with a trowel from the upper 

7.5 cm by combining samples from at least five places in each p lot. 

The so il was stored a t -10 C u n til ready for analysis. Plots were
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furrow irrigated  46, 64, and 88 days after treatment in 1980, and 

34 and 62 days after treatment in 1981. Relevant climatological 

data have been presented earlie r (2).

The field  study was subjected to analysis of covariance 

(ANCOVA) with time after herbicide application as the covariate. 

Regression was performed on the natural logarithm of the data 

collected for each treatment from 0 to 100 days after application 

to te s t for the applicability  of pseudo first-o rder kinetics in 

describing atrazine dissipation.
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RESULTS AND DISCUSSION

Laboratory study. Atrazine dissipation was significantly 

affected by the moisture regime and by the application rate , and 

was adequately described by pseudo first-o rder kinetics for a i l  

moisture regimes except the air-dry regime (Table 1). The half- 

life  of atrazine for the moist soil treatments increased from 

an average of 47 to 50 to 56 days as the application rate was in

creased from 1 to 2 to 4 ug/g. Similar effects of in i t ia l  concen

tration  on atrazine dissipation have been reported in other studies 

a t constant moisture levels in aerobic soil (9, 18). The assump

tion made, for a firs t-o rd er type rate of loss, that the h a lf- life  

is  independent of the starting  concentration is , therefore, not 

s tr ic tly  true for atrazine dissipation.

There was significant loss of atrazine in the air-dry moisture 

regime over 165 days as revealed by analysis of variance. The a ir-  

dry atrazine dissipation rate was, however, much slower than with 

the other moisture regimes and was not significantly  related to a 

firs t-o rder model (Table 1 and Figure 1). There was significantly  

more atrazine persistence in the 1/3 bar than the continuous flood 

or alternate flood moisture regimes. This difference is  small, 

however, and did not exceed the v ariab ility  in half-lives with 

these treatments.

Hurle and Kibler (10) have demonstrated that the relationship 

between soil moisture and atrazine dissipation rate can be altered 

by previous wetting and drying. In four soils with a wide range
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Table 3.1. Effect of moisture regime and application rate on the 
h a lf- life  of atrazine in soil a t 25 C. Values in 
parenthesis are the corresponding squared correlation 
coefficients which are a ll  highly significant at 
p < .01, except for air-dry treatments.

Application rate , ug/g Mean Mean %

Moisture reg. 1 2 4 h a lf- life Remain-
aing

(half-life , days)

Air-dry 
Field cap.
Cont. flood 
Altern. flood 

Mean h a lf - l .b 
Mean % rem.a

448 
51 
43 
48 
47 
58 b

(.25)
(.91)
(.94)
(.88)

275
44
53
53
50
61

(.22)
(.91)
(.87)
(.92)

ab

400
61
51
55
56
64 a

(.25)
(.88)
(. 87)
(.95)

52
49
52

92 a 
56 b 
49 c 
49 c

ai .E. ,  average percent atrazine remaining over a ll  four sampling times. 
Means followed by the same le tte r  are not significantly 
d ifferent a t p < .05 by Duncan's Multiple Range Test.

b
Omitting the air-dry treatment, which has non-significant correlation 

coefficients.
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of adsorptive capacities Fusi and Franci (5) found that alternate 

wetting and drying resulted in atrazine persistence intermediate 

between persistence in soil kept a t air-dry or a t 100% field  

capacity. Lavy e t a l. (12) found degradation of atrazine to occur 

at similar rates in aerobic soil and anaerobic soil (in sealed 

containers) kept a t the same moisture content. The present study 

indicates that the dissipation rate of atrazine in a flooded soil 

is not greatly altered from the rate in moist aerobic so il. Varia

tions in soil water content above some minimum level (in th is study 

about 70% field  capacity) did not affect the dissipation rate sub

s tan tia lly . However, evidence from another study (10) indicates 

that drying the so il to very low moisture levels can have a signi

ficant effect.

Field study. Atrazine dissipation was described adequately 

by pseudo first-o rd er kinetics in spite of the more variable con

ditions in the fie ld  (Table 2). Half-lives were slightly  longer 

for the preplant incorporated than the preemergence applications 

in both 1980 and 1981, but the persistence was significantly 

greater for preplant incorporated applications only in 1980 

(at p < .05, as revealed by analysis of covariance). The slight 

increase in persistence of atrazine with incorporation is  typical 

for th is compound (13). Results of the present study indicate 

that modes of dissipation specifically  associated with the sur

face, such as vo la tilization  and photodecomposition, probably 

accounted for only a small proportion of the atrazine dissipated.
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Table 3.2. Half-lives calculated for up to 100 days after tre a t
ment for preplant incorporated and preemergence applica
tions of atrazine in the fie ld . Values in parenthesis 
are the corresponding squared correlation coefficients 
(all values are highly significant at p < .01).

(half l ife , days)

Preemergence 25 (.97) 18 (.85) 21 (.80) 18 (.81) 21

Preplant incorp. 32 (.85) 20 (.87) 24 (.80) 24 (.891 25

Mean 28 19 23 21
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Bioassay HPLC Mean



Analysis of covariance of the data indicated that in 1980, but 

not in 1981, there was a significant difference in atrazine residues 

as determined by bioassay and HPLC analysis. Bioassay determinations 

of atrazine levels in 1980 were lower than HPLC dterminations up to 

10 days and greater a fte r 30 days, which is  reflected by the longer 

half-lives estimated by bioassay than HPLC analysis in 1980 (Table 

2). Although application rates were planned to be the same both 

years the in i t ia l  concentrations found by HPLC analysis were more 

than two times greater in 1980 than 1981. For the samples taken 

soon after application, to achieve an atrazine concentration in the 

so il in the range of sensitiv ity  of the soybean bioassay i t  was 

necessary to d ilute the so il 10 to 20 times with untreated so il.

Even with thorough mixing of the so il, there may not be as uniform 

a d istribu tion  of atrazine in the so il in the diluted samples as 

the non-diluted samples. Therefore, atrazine may not be available 

for uptake by as much of the root system in the diluted s o i l , re

sulting in lower estimates of atrazine concentration.

Winter samples taken in 1980 indicate that atrazine dissipa

tion was much slower in th is  period, presumably due to the tempera

ture decline. Potential carry over of atrazine probably is  best 

determined by the dissipation rate during the summer and the fa l l ,  

when most loss of atrazine is  likely  to occur.

General discussion. In the atrazine fie ld  studies, the h a lf- 

l ife  of atrazine averaged 23 days over a l l  treatments (Table 2) 

compared to an average of 51 days over a l l  moist so il treatments 

in the laboratory study (Table 1). Possible reasons for th is
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include differences in (1) temperature, (2) leaching, (3) pH, or 

(4) moisture, a ll  of which can significantly affect the dissipa

tion rate of atrazine from so il.

1. Increasing temperature increases the rate of atrazine 

dissipation (19). Temperatures were not higher in the field  at 

least in the in i t ia l  weeks after application (2), and i t  seems 

unlikely that temperature accounted for differences between field  

and laboratory dissipation rates.

2. Recent studies have examined atrazine leaching in detail 

(9, 22) and indicate that the percentage of fie ld  applications of 

atrazine dissipated by leaching more than a few centimeters in 

depth is  small in several soils of widely different texture and 

organic moisture content. However, extensive movement of atrazine 

in the upper 30 cm occurred near the bottom of a watershed where 

soil moisture was presumed to be high (22). In the present study, 

significant ra in fall occurred 0, 3, 11, 12, 20, 21, and 22 days 

after the atrazine applications in 1981 but only occurred twice 

within a month after applications in 1980. Leaching seems a 

possible explanation for much of the increased dissipation in the 

field  in 1981 but not in 1980.

3. The chemical degradation rate of atrazine has been shown 

to be, in many cases, increased significantly as soil pH decreases 

below neutrality (3, 11) although th is is not always the case (8). 

In dissipation studies with another herbicide, the pH of flooded 

Crowley s i l t  loam after 12 weeks had risen to from 6.1 to 7.1, 

depending on the microbial population present (2). However, if  pH
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differences in flooded and moist aerobic Crowley s i l t  loam were con

tro lling  the rate of hydrolysis of atrazine, then the moist tre a t

ments in our laboratory study would be expected to exhibit more 

pronounced differences in dissipation rate than occurred.

4. Soil water content in the upper 7.5 cm from which atrazine 

residues were determined would have been lower than the 1/3 bar, 

flooded, or alternately floded laboratory treatments most of the time. 

This might have resulted in more favorable conditions for certain 

modes of dissipation, such as degradation by aerobic soil micro

organisms .

This research demonstrates that atrazine persistence in Crowley 

s i l t  loam is not affected substantially by variations in soil water 

from 1/3 bar tension to flooded conditions. Soil incorporation of 

the chemical only slightly  increased the dissipation rate of atrazine 

in irrigated  grain sorghum averaging 23 days compared to an average 

of 51 days when incubated in the laboratory a t 25 C in the same 

soil subjected to 1/3 bar, flooded, or alternately  flooded moisture 

regimes. Atrazine carry over from standard application rates in 

Crowley s i l t  loam would not be expected to be a problem under 

irrigated  conditions, in flooded fie lds, or in areas receiving good 

summer ra in fa ll.
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Figure 3.1. Atrazine dissipation over time from a 4 ug/g applica
tion rate with four soil moisture regimes.
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Figure 3.2. Atrazine dissipation from preemergence and preplant 
incorporated applications in an irrigated field 
in 1980 and 1981.
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ABSTRACT

The effects of aerobic and anaerobic soil moisture regimes 

on the dissipation rates of three herbicides were examined in a 

Crowley s i l t  loam. The dissipation rate of pendimethalin 

[N-(1-ethylpropyl)-3,4 dimethyl-2,6-dinitrobenzeneamine] was 

greater in alternately flooded and dried soil than with soil 

water content at 1/3 bar tension or with a continuous flood, these 

treatments having half-lives averaging 30, 59, and 63 days respec

tively, a t 25 C. Autoclaving was found to reduce pendimethalin 

dissipation at 2/3 bar soil water tension but not in flooded soil.

In fie ld  studies, the "half-life" of pendimethalin was much 

shorter during the in i t ia l  two weeks after application than after 

th is  time. The in it ia l  period half-lives with three water manage

ment systems ranged from 3 to 6 days for a lowland rice (Oryza 

sativa L. ) , 4 to 7 days for an upland rice, and 5 to 28 days for an

irrigated soybeans [Glycine max (L.) Merr.] system. The dissipation

2
of oxadiazon [2-te r t -butyl-4(2,4-dichloro-5-isopropoxyphenyl)- A -1, 

3,4-oxadiazolin-5-one] did not vary significantly between 1/3 bar, 

continuous flood, and alternate flood treatments, with an average of 

59% remaining after 20 weeks. Comparison of residue determinations 

with gas-liquid chromatography and a bioassay with ta l l  fescue 

(Festuca arundinacea Schreb.) indicated that by eight weeks after 

oxadiazon was applied an average of 45% of the oxadiazon remaining 

in soil exposed to different soil water regimes was biologically 

inactive. In a greenhouse study subsurface application of oxadiazon
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reduced i ts  biological ac tiv ity  but increased i ts  persistence as 

much as four times compared to surface-applied oxadiazon. In 

fie ld  studies, surface-applied oxadiazon in itia lly  had a half- 

life  of 4 to 11 days with lowland rice and 15 to 33 days with 

upland rice. Atrazine [2-chloro-4-(ethylamino)-6 -(isopropylamino- 

s-triazine] had average half-lives of 52, 49, and 52 days with 

field  capacity, flooded, and alternately flooded moisture regimes, 

respectively. Atrazine half-lives ranged from 18 to 25 and 20 to 

32 days with preemergence and preplant incorporated treatments, 

respectively, in an irrigated  fie ld  planted to grain sorghum 

[Sorghum bicolor (L.) Moench].
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