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?@TABOLISM OF I-IERl3JC.ZDES IN ECOSYSTEIYIS: A REVIEW 

1 
N.  T .  Edwards and G .  M. V a n  Dyne 

Radiat ion Ecology Sect ion,  Health Physics  Div is ion  

Oak Ridge Rational. L%boratory, Oak Ridge, Tennessee 

ABSTRACT 

The need f o r  a b e t % e r  understanding of t h e  f a t e  of some of t h e  

commonly used he rb ic ides  i n  ecosystems prompted a g e n e r a l  review of t h e  

l i t e r a t u r e ,  wi th  emphasis (xi 2,4-D and 2,4,3T t o  summarize research  

which has  been conducted. 

Based on a s e l e c t e d  b u t  r ep resen ta t ive  sample of t h e  d ive r se  

l i t e r a t u r e  on he rb ic ides ,  research  seems t o  have centered  around (1) 

e f f e c t s  of he rb ic ides  on animals, (2)  degradat ion of he rb ic ides  by 

s o i l  microorganisms and t h e  e f f e c t s  of  he rb ic ides  on s o i l  microorganism 

a c t i v i t y ,  (3) behavior  of he rb ic ides  wi th in  t,he p l a n t s ,  and (4)  per -  

s i s t e n c e  of he rb ic ides  and t h e i r  e f f e c t  on succeeding p l a n t  growth. 

This  r e p o r t  p re sen t s  (a) a b s t r a c t s  of pub l i ca t ions  under t h e  

headings l i s t e d  a,bove, (b) a b r i e f  d i scuss ion  of the types of t o x i c  

a c t i o n  of some of t he  commonly used he rb ic ides ,  ( e )  and chemical s t r u c -  

t u r a l  formulas f o r  t h e  most common he rb ic ides .  

This  review suggests  t h e r e  i s  need f o r  r e sea rch  on t h e  movement 

and degradat ion of he rb ic ides  i n  ecosyslc-ms wi th  s p e c i a l  emphasis on (i) 

t r a n s f e r  of he rb ic ides  from sprayed p l a n t s  t o  animals which may feed on 

t h e s e  p l a n t s  under n a t u r a l  condi t ions ,  and (ii) f u r t h e r  cons idera t ion  on 

s u b l e t h a l  e f f e c t s  on nontarge t  organisms. 

'Present address:  CoLl;.ge of ForesLry and Natural Resources, 

Colorado S t a t e  Univers i ty ,  Fort Col l in s ,  Colorado. P. T .  Haug i s  thanked 

f o r  h i s  a s s i s t a n c e  i n  p repa ra t ion  of t h i s  r e p o r t .  
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SYNOPSIS 

Scope of t h e  review 

Bio log ica l  Abstracts  f o r  1-93? through 1365 were inves t iga t ed  f o r  

s e l e c t e d  r e fe rences  dea1i.i-1.g s p e c i f i c a l l y  with herbicide pathways and e€- 

f e c t s  i n  t h e  environment. Many of t h e  r e fe rences  given represented lab-  

o r a t o r y  work with he rb ic ides  under con t ro l l ed  coriditions, some of which 

were accompanied by discussions o r  t h e o r i e s  of what e f f e c t  n a t u r a l  con- 

d i t i o n s  might have had on p a r t i c u l a r  a spec t s  of t he  experiment. Topics 

under which most information w a s  obtained from B i o l o g i c a l  Abs t r ac t s  were 

"herbicides" a,nd "weeds". Most r e fe rences  c i t e d  under t h e  t o p i c  "pes t i -  

c i d e s "  app l i ed  t o  i n s e c t i c i d e s .  Weeds, t h e  Journal  of t h e  Weed Soc ie ty  

of America, con ta ins  many r ecen t  papers on he rb ic ide  research with good 

l i t e r a t u r e  c i t i n g s .  The published preceedings of t h e  Annual Southern 

Weed Conference i s  another  good source of recent  r e sea rch  on he rb ic ides .  

The b e t t e r  books with extensive information on weed c o n t r o l  i n -  

clude: The Phy-si.iilogy and Biochemistry of Herbicides, e d i t e d  by  T,. J. 

Audus (1964); 

- Control  of I n s e c t  P e s t s  and Weeds, e d i t e d  by Paul  DeBach (1964). 

Audus' book t h e  major ca t egor i e s  discussed are: c l a s s i f i c a t i o n  of herb- 

i c i d e s  and types  of t o x i c i t y ;  he rb ic ide  behavior i n  p l a n t s  and i n  s o i l ;  

morphogenic, metabolic, hormonal, biophysical ,  and biochemical e f f e c t s  

of he rb ic ides  01; p lan t s ;  and s e l e c t i v i t y  of he rb ic ides .  The book by  Crafts 

and Robbins con ta ins  s e v e r a l  chap te r s  on he rb ic ides  including such t o p i c s  

as p r o p e r t i e s  and func t ions  of he rb ic ides ,  s e l e c t i v e  he rb ic ides ,  methods 

of a p p l i c a t i o n  of s e l e c t i v e  and non-select ive he rb ic ides ,  and dosage 

and a p p l i c a t i o n  recommendations. DeBach's book emphasizes i n s e c t  con- 

t r o l ,  b u t  it does include some information on t h e  fundamentals of t h e  

b i o l o g i c a l  c o n t r o l  of p l a n t  weeds. Th i s  book has no information on t h e  

use of chemical herbFcides o r  i n s e c t i c i d e s ,  b u t  it does suggest o t b e ~  

poss ib l e  ways of keeping weed p e s t s  and i n s e c t  p e s t s  i n  check. The book 

by R.  L. Rudd j1.964), P e s t i c i d e s  and the  Living Landscape, i s  a good book 

on i n s e c t i c i d e s ,  buL con ta ins  l i t - t l e  o r  no iriforrnation or, herb lc ides .  

Weed Control  by Crafts and Robbins (1962); and B i o l o g i c a l  

I n  
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Other important miirces of inrormation concftrniiig p v s t i c i d e s  

i n  t h e  environment a r e  t h e  rcpai-ts of the Fish  arid Wild l i f e  Service,  

USDI (e .g . ,  see  F ish  and Wi ld l i f e  Serv ice ,  1965). The& annual  r e p o r t s  

summarize r e sea rch  f irrdings of t h a t  Service ' s s t u d i e s  i n  t h e i r  research  

c e n t e r s  (Patuxent ,  Md. and Denver, Colo. ), work i n  Cooperative Wild- 

l i f e  Uni t s  a t  u n i v e r s i t i e s ,  apd s p o r t  arid commercial f i s h e r y  reseerch  

l o c a t i o n s  throughout t h e  country.  Thei r  emphasis, of course, i s  on 

f i s h  and w i l d l i f e  wi th  l e s s  cous idera t ion  of in f luences  of he rb ic ides  on 

p l a n t s ,  microbes, and humans. 

E f f e c t s  on anlmals 

Genera l ly  it i s  agreed t h a t  -the conunonly used he rb ic ides  such as 

2,4-D, 2,4,3-T, S i lvex ,  and t r i a z i n e s  have l i t t l e  or n.o de t r imen ta l  e f -  

f e c t  on most forms of animal l i f e ,  when used i n  recommended concentra-  

t i o n s .  Excessive use of some herbi-cides  can r e t a r d  growth, can pro- 

duce abnormal i t ies ,  arid m y  be l e t h a l  -to some forms of animal l i f e .  

Even t h e  use of recommended concent ra t ions  of some he rb ic ides  m y  be 

de t r imen ta l  t o  some forms of animal l i f e  through changes induced i n  

t h e  vege ta t ion .  For example, n i t r a t e  poisoning of l i ves tock  has  oc- 

cur red  as a r e s u l t  of t h e i r  e a t i n g  vege ta t ion  sprayed wi th  c e r t a i n  

he rb ic ides .  

E f f e c t s  on s o i l  microorganisms 

S o i l  mLc-roorganisms are l a r g e l y  respons ib le  f o r  t he  degradat ion 

and d e t o x i f i c a t i o n  of hei-bicides i n  ecosystems. There i s  l i t t l e  ox no 

de t r imen ta l  e f f e c t  on most microorganisms except  when t h e  he rb ic ide  i s  

used i n  excess ive ly  high concent ra t ions .  Pe r s i s t ence  of he rb ic ide  i n  

t h e  s o i l  v a r i e s  wi th  the  type o f  herb ic ide  used and wi th  siich i n t e r -  

r e l a t e d  f a c t o r s  as microbia l  populat ion d e n s i t y  i n  t h e  s o i l ,  s o i l  

moisture,  temperature,  and t e x t u r e  of t h e  s o i l  . 
Movement i n  t h e  p l a n t  

The movement of he rb ic ides  through a p l a n t  and -the p e r s i s t e n c e  

of he rb ic ides  i n  t h e  p l a n t  v a r i e s ,  depending upon t h e  he rb ic ide  used 

and t h e  enzyme system of t.he plant . .  Movement i f i ,  and inf luence  of' t h e  

he rb ic ide  on bhe pla.iit may also be afi'ected. by such time-dependent 

f a c t o r s  as a v a i l a b l e  moisture and stage of p l a n t  grDwth i n  the case of 

growth hormone he rb ic ides  such a s  2,4-D. 
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Missing information 

L i t t l e  information i s  a v a i l a b l e  regayding t h e  t r a n s f e r  of  he rb i -  

c i d e s  from sprayed p l a n t s  t o  animals which may feed on t h e s e  p l a n t s  

under n a t u r a l  condi t ions.  L i t e r a t u r e  regarding the  poss ib l e  uptake of 

he rb ic ides  by non-microbial s o i l  organisms, such %;s t h e  l a rvae  of some 

insec t s ,  has not been found. Also, t h e r e  seems t o  be very l i t t l e  i n f o r -  

mation on t h e  s u b - l e t h a l  e f f e c t s  of  he rb ic ides  on non-target  organisms. 

Most r e sea rche r s  have s t r e s s e d  only l e t h a l  e f f e c t s ,  and most research 

has  been conducted under con t ro l l ed  l abora to ry  condi t ions where a l l  of 

t h e  v a r i a b l e s  of  t h e  environment cannot be dup l i ca t ed  adequately.  

N o  r e p o r t  w a s  found of a d e t a i l e d  s tudy of t h e  movement and 

metabolism of a he rb ic ide  i n  a complex ecosystem i n  which a l l  components 

of t h e  system were given d e t a i l e d  considerat ion.  



EFFECTS O F  HEXS3ICIDES ON AMII?ALS 

Anderson, I., A. Kivirnae, and C. Wadrle. 1962. Toxic i ty  of some herb i -  

c ides  t o  ch icks .  S t a t e n s  Iantbruksforsok s t a t e u  s IIusdiJursforsok 

Sar t ryck  Forhandsmedd. 155. 3-8. [English sumniary--Biol. 

Abst. 1 2 , 4 - D  and 2,4,5-T were l e t h a l  at  5000 ppm and above. 

There w a s  reduct ion  i n  chick growth a t  1000 ppm i n  the  d i e t .  

Tas te  t e s t s  were nega t ive  i n  t h e  meat of these  ch icks .  Water- 

ways nea r  weed c o n t r o l  a r e a s  were checked and Were found t o  con- 

t a i n  no more than 10 ppm. 

Bache, C. A.,  D. D. Hardee, H. F. Holland, and D. J. Lisk. 1964. 
Absence of phenoxyacid he rb ic ide  r e s idues  i n  t h e  milk of d a i r y  

cows at high feeding l e v e l s .  J. Dairy Se i .  47:298-299. Three 

J e r s e y  cows were fed 50 ppm of P,4-D, 4-2(2,4-DB) and MCP, 

r e spec t ive ly ,  f o r  four days. Gas chromatograph ana lyses  of 

morning and evening milk samples taken during and fo r  two days 

a f t e r  t he  feeding per iod  d id  not  d e t e c t  any of  t h e  he rb ic ides .  

The s e n s i t i v i t y  of t h e  methods used t o  d e t e c t  2,4-D, 4-(2,4-DB), 
and MCP were about 0.1, 0.4, and 0 .1  ppm, r e spec t ive ly .  

Bradley, W. B., H. F. Eppson, and 0. A. Beath. 1940. Livestock 

poisoning by o a t  hay and o the r  p l a n t s  conta in ing  n i t r a t e s .  

Wyo. Agr. Exp. S ta .  Bull. 241. 20 p. Any plant, conta in ing  

over 1.5% KNO, may cause poisoning of c a t t l e ,  sheep, o r  horses  
3 

if fed .  Severe ly  poisoned pregnant animals m y  a b o r t .  Death 

i s  caused by asphyxia caused by methemoglobinemia, probably 

produced by t ransformat ion  of the  n i t r a t e  t o  n i t r i t e  i n  t h e  

d i g e s t i v e  t r ac t , .  The n i t r a t e  conten t  of t h e  soil. i s  not t h e  

on ly  f a c t o r  i n  determining the  amount of n i t r a t e  i n  t h e  p l a n t .  

Some be l i eve  he rb ic ides  may a f f e c t  this. 

below). 

(See Frank and F e r t i g  

Butler, P. A. 1963. Commercial f ' ishery i n v e s t i g a t i o n s .  U.S .  Dept. of 

Ink. F ish  and Wi ld l i f e  Ci rc .  226. 

periments descr ibed  i n  t h i s  paper, C was used as an index of 

p. 65-77. 
14  

In one of t he  ex- 
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produc t iv i ty  or growth of phytoplankton when grown i n  water  con- 

t a i n i n g  var ious  he rb ic ides .  Of t he  severa l  he rb ic ides  t e s t e d ,  

S i lvex  and 2,4,5-T were most e f f e c t i v e  wi th  a decrease i n  pro- 

d u c t i v i t y  of 77.7% and 89.4$1, r e spec t ive ly .  Other experiments 

a r e  discussed and summarized i n  t - h i e s  which show t h a t  some 

he rb ic ides  such as S i lvex  cause cons iderable  decrease i n  oys t e r  

s h e l l  growth a t  f a i r l y  low concent ra t ions .  Other experiments 

i l l u s t r a t e  t h a t  some herbicides such as Atrazine and 2,4,5-'T 

cause some m o r t a l i t y  of a d u l t  shrimp a t  1 ppm. 

Bu t l e r ,  A. 1965. E f f e c t s  of he rb ic ides  on e s t u a r i n e  fauna. Proc. of 

Southern Weed Conf. Seve ra l  t a b l e s  a r e  shown l i s t i n g  t h e  r e l a t i v e  

t o x i c i t y  of he rb ic ides  t o  oys t e r s ,  shrimp, f i s h  and phytoplankton. 

Cope, 0. B. 1-96?. Sport f i s h e r y  i n v e s t i g a t i o n s .  U. S. Dept. of I n t .  

F ish  and Wi ld l i f e  Ci rc .  226. p.  51-63. A number. of r e p o r t s  a r e  

given on experimental  work i n  the fol lowing th ree  ca t agor i e s :  lab- 

ora to ry  s t u d i e s  and toxicology; experimental  f i e l d  s tud ie s ;  and 

e f f e c t  on wi ld  populat ions.  

Resu l t s  of b ioassay  t e s t s  wi th  a few of t h e  he rb ic ides  a r e  shown 

below where L;D 

mor ta l i t y .  The 'LD f o r  S tone f ly  nymphs wi th  s e v e r a l  he rb ic ides  

also i s  given i n  t a b l e  f o r m .  Other s t u d i e s  included e f f e c t s  of 

sodium arseni.Ze on b l u e g i l l s  i n  which t h e r e  w a s  kidney and l i v e r  

damage a f t e r  t h e  f i r s t  few weeks of heavy t reatment  of the pond. 

Residues of a r s e n i c  i n  var ious  organs also a r e  given.  It w a s  ob- 

served t h a t  t h e r e  was a reduct ion  i n  bottom fauna i n  t h e  heav i ly  

t r e a t e d  ponds. Plankton samples showed depression of numbers i n  

t h e  heav i ly  t r e a t e d  ponds. 

i s  defined as p g / l i t e r  expected t o  produce 50% Y 
50 

H e r b  ic ide Species grams O F  24 Estimated h r s  48 L h 30- s 
W t .  i n  Temp. 

Casoron Bainbow 1.32 55 23,000 22,000 18,000 

Copper s u l f a t e  B l u e g i l l s  1.04 75 2,800 2,800 2,800 

Simazine t t  130,000 118,000 ii8,ooo 

t t  t t  Diuron ' t  12 , 000 7,400 4,000 
I 1  I t  

I t  
2(2,4-5)TP .65 " 19,300 l J C ,  700 9, 600 
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F e r t i g ,  S. N. Livestock poisofiing from he rb ic ide  t r e a t e d  vegeta t ion .  1332. 
Proc. S ix th  Ann. Meet.--Northeastern Weed Coritroi Conference. A 

mixbure of' 2,k-D and 2,4,5-T was used for weed control along a 

roadside i n  cenbra l  New York. The loss of t h r e e  d a i r y  cows from 

g raz i cg  the t r e a t s d  vege ta t ion  w a s  reporfed .  Post-mortem exartli- 

na t ions  of' t h e  c a t t l e  showed n i t r a t e  poisoning i n  c a t t l e  and horses  

feeding on vege ta t ion  sprayed wi th  2,Ic-D. Th i s  prompted experiments b y  

the  Agronomy Department of CorrielL Un ive r s i ty  i n  an e f f o r t  t o  de- 

termine i f  2,4-D t r e a t e d  vege ta t ion  a c t u a l l y  increased  i n  n i t r a t e  

con ten t .  

a c r e )  were t e s t e d .  

spec ie s  of weeds was sprtiyed. 

n i t r a t e  conten t  a t  r e g u l a r  i n t e r v a l s .  Resul t s  were incons i s t en t ,  

poss ib ly  due t o  human error i n  c o l l e c t i n g  and ana lyz ing .  However, 

t h e  d a t a  d id  show t h a t  2,4-D appeared t o  cause a more r ap id  and 

g r e a t e r  i nc rease  i n  n i t r a t e  conten t  of the weeds than  d i d  MCP. 

F e r t i g  pointed out  t h a t  t h e r e  i s  < j u s t i f i c a t i o n  f o r  some caut ion  i n  

spraying areas where l i v e s  tcck a r e  graz ing  and weeds a r e  numerous. 

Two he rb ic ides ,  2,4-13 (1/2 l b . / a e r e )  and  MCP (1/2 l b . /  

An unci r l t i v a t e d  f i e l d  conta in ing  s e v e r a l  

The weeds were c u t  and analyzed fo r  

Frank, P. A. and B. H. Gregsoy. 1937. E f f e c t s  of h e r b i c i d a l  sprays  on 

n i t r a t e  accumulation i n  c e r t a i n  weed spec ies .  Weeds 5:  206-216. 

Herb ic ida l  t reatment  of f i v e  of t h e  14 spec ie s  of seeds t e s t e d  re- 

s u l t e d  i n  s i g n i f i c a n t  i nc reases  i n  n i t r a t e  conten t  ( s e e  Bradley 

above). These weeds and t rea tements  were: Amaranthus r e t ro f l exus - -  

DNBP; Eupatorium maculatum--2,k-D, DNBP, D I P C ,  and MH; Impatiens 

b i f l o r a - - a l l  he rb ic ides  tested; Polygonum convolvulus--2,4-D, 

2,4,3-T, and MCPA; arid Solarium dulcamara, DNI3P. Only i n  Eupat,orium 

and Impatiens could t h e  accumulation of t o x i c  concent ra t ions  of 

n i t r a t e  be a t t r i b u t e d  t o  the  e f f e c t  of h e r b i c i d a l  t r ea tmen t .  

Hanson, W. R. 1952. E f f e c t s  of' some herb ic ides  and i n s e c t i c i d e s  on 

b i o t a  of North Dakota marshes. J. Wi3.dl. Mamgc. lf7:23O-308. 
The e f f e c t s  of t h r e e  p e s t i c i d e s  and two he rb ic ides  on t h e  b i o t a  of 

marshes and potholes  i n  N o r t h  Dakota w e x  s tud ied .  The two herb- 

i c i d e s ,  2,)c-D amine and wa. te r  and 2 , b D  e s t e r  and o i l ,  produced 

heavy k i l l s  on dicotyledonous p l a n t s .  They al-o k i l l e d  or in,jured 



most of t h e  moriocotyledonous spec ie s .  The only animals k i l l e d  

were a few i n s e c t s ,  presumably from t h e  o i l  a lone.  The some- 

what greatel-  d e s t r u c t i o n  from t h e  2 , 4 - D  e s t e r  spraying may have 

beer, due t o  e i t h e r  t h e  type of 2,4-D o r  t h e  n i l  used with i t .  

Ishikura,  11. 1965. The use of p e s t i c i d e s  i n  Japanese a g r i c u l t u r e  2nd 

t h e  r e l a t i v e  h a z d d s .  Report or: the  T i .  S. --Japan Planning Meeting 

on P e s t i c i d e  Gesearch he ld  i n  Honolulu, H a w a i i .  A p r i l  7-9. In-  

cluded i n  t h i s  paper w a s  information regrading t h e  u,>e of PCP 

(Sodium pentachlorphenate) i n  r i c e  paddy f i e l d s  of Japan as a pre- 

emergence he rb ic ide  f o r  t h e  c o n t r o l  of brosd l ea fed  and g r a s s  weeds. 

Very s e r i o u s  da.mage t o  f i s h  and s h e l l f i s h  amounting t o  $7.2 m i l l i o n  

occurred i n  t h e  summer of 1962 af ter  heavy r a i n s  washed f r e s h l y  

app l i ed  PCP i n t o  nearby lakes .  

(According t o  Audus rig641 i n  h i s  book--The Physiology and 

Biochemistry of Herbicides--PCP i s  used widely as a desiccant .  A 

des i ccan t  i s  a con tac t  he rb ic ide  which k i l l s  a l l  p l a n t  p a r t s  w i th  

which it comes i n  con tac t .  It i s  u s u a l l y  used only on p l a n t s  which 

are harvested f o r  t h e i r  seeds, f r u i t s ,  o r  underground p o r t i o n s ) .  

King, Charles C .  1964. E f f e c t s  of he rb ic ides  on n e c t a r  s e c r e t i o n .  

A g r i c u l t u r a l  R e s .  3:5-9. Applicat ion of  2,h-D i n  amounts l e t h a l  

t o  the  p l a n t  i n h i b i t e d  n e c t a r  s e c r e t j  on i n  p o i n s e t t i a s  u s u a l l y  

w i t h i n  two days a f t e r  treatment. P l a n t s  t r e a t e d  with 3-amino- 

1 ,2 ,4 - t r i azo le  ( ami t ro l e )  continued t o  s e c r e t e  as much n e c t a r  as 

un t r ea t ed  p l a n t s .  Mosquito l a rvae ,  which were used because of 

t h e i r  extreme s e n s i t i v i t y  t o  t r a c e  amounts of poisons, were f e d  

n e c t a r  s e c r e t e d  by t h e  t r e a t e d  p l a n t s  and K ~ O  s i g n i f i c a n t  m o r t a l i t y  

w a s  observed. An auxin- l ike substance w a s  found i n  t h e  n e c t a r  of 

2,4-D treated p l a n t s .  Amitrole w a s  not  s ec re t ed  i n t o  n e c t a r  by 

p o i n s e t t i a s  which had received f o l i a r  a p p l i c a t i o n s  of  ami t ro l e .  

King, J .  E. and W. T .  Penfound. 1946. E f f e c t s  of' two of t h e  new forma- 

genic  he rb ic ides  on bream and largemouth bass .  Ecology 27: 372-37'c. 
The e f f e c t s  of 2,4-D 011 bream and bass were s tud ied  when 2,4-D w a s  

mixed w i t h  water and sprayed ori p l a n t s  (hyac in ths ) .  Both spec ie s  

of f i s h  d i ed  when a considerable  port ion of t,he sprayed p l a n t s  

had decayed. 
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McCulloch, E. C. ,  and H. K.  Mu:"er. 1938. Sodium c h l o r a t e  poisoning. 

J. Amer. Vet .  bled. Assoc. 95:675-682. 
N a  C10 when used ds a herbjCi.de, w & s  found t o  be widely po9- 

sonous t o  animals by causing methernoglobfncmia. It was pointed 

o u t  t h a t  c e r t a i n  poisonous p l a n t s  u s u a l l y  avoided were made pala- 

table t o  sal t -hur&gry c a t t l e  by a p p l i c a t i o n  of t h e  he rb ic ide .  

3' 

Palmer, J. S. 1964. Toxicologic e € f e c t s  of s i l v e x  on yea r l ing  c a t t l e .  

3. A m e r .  Vet. Ned. Assoc. 144:p(50-755. 

There were abnormal i t ies  occurr ing as a r e s u l t  of var ious  doses 

of S i lvex .  

S t een i s ,  J. H. 1965. E f f e c t s  of Eurasian w a t e r m i l f o i l  c o n t r o l  pro- 

cedures  on waterfowl and o t h e r  organisms i n  aqua t i c  environments. 

U. S. Dept. of I n t .  Fish and Wi ld l i f e  Circ. 226. p. 10. 

The use of 2,4-D and Diquat i n  t i d a l  waters  was demonstrated t o  

be s a t i s f a c t o r y  f o r  t h e  c o n t r o l  of waterrri i lfoil  and r e s u l t s  i n  i t s  

replacement by t h e  more d e s i r a b l e  duck food p l a n t s .  

s t a t e s  t h e  lack  of good methods f o r  2,4-D r e s idue  determinat ions 

i n  animal t issues has  hampered progress  i n  t h i s  d i r e c t i o n .  R e s i -  

dues i n  o y s t e r s  t h r e e  days a f t e r  field t rea tment  w a s  3-4 ppm 

and i n  c rabs  1 ppm showing t h a t  t h e  chemical i s  picked up from 

t h e  water. 

The au tho r  

Thimann, K.  V. 1964. P e s t i c i d e s  and the P.S.A.C. BioScience 14:24-25. 

"F'ungicides and he rb ic ides  seem, i n  a l l  l i t e r a t u r e ,  t o  o f f e r  on ly  

minor problems. Thei r  t o x i c i t y  t o  man and mammals i s  i n  genera l ,  

low. 

wi th  whom I co l l abora t ed ,  found t h a t  a t  excess ive ly  high doses 

2,4-D caused a s o r t  of p a r a l y s i s  i n  Tabbi t s .  

i nges t ion  t h e  2,4-D was r e a d i l y  de t ec t ab le ,  by biciassay on p lan t s ,  

in t he  s k e l e t a l  muscles, e s p e c i a l l y  of t h e  legs. However, t h e  

cond i t ion  was found t o  wear off  a f t e r  some days, and the  r e -  

qu i r ed  dosage w a s  300 rng per  kg body weight,  which it  would be 

hard f o r  a r a b b i t  t o  ingest even if it ate  freshly sprayed. foliage 

dr ipping  w i t h  2 , 4 - D .  " 

Many years  ago a group a t  Massachusetts General  Rospi ta l ,  

Within a few hours 

Wil lard,  C. J. 19%. I n d i r e c t  e f f e c t s  of he rb ic ides .  p. 110-112. In 

North C e n t r a l  Weed Control Conf. Proc. 
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Willard emphasizes t h a t  most problems a r i s i n g  from he rb ic ide  

spraying a r e  due t o  ca re l e s sness  during, and soon a f t e r  app l i ca -  

tion. Tie implies  t h a t  n i t r a t e  poisoning, due t o  increased amounts 

of n i t r a t e s  i n  sugar bea t  leaves, o a t  hay, pigweed, and a few 

o the r s ,  as a r e s u l t  of spraying with s u b - l e t h a l  amounts of 2,4-D 

i s  a much more s e r i o u s  problen: than most of t h e  o t h e r  hazards .  

Worth, H. M. 1965. The t o x i c i t y  of t r i f l u r a l i n ,  t r e f l a n ,  an he rb ic ide ,  

t o  mammals and chickens.  Proc. Southern Weed Conf. 

It w a s  found t h a t  t h i s  new he rb ic ide  i s  v e r y  safe for mammals and 

chickens, and stream p o l l u t i o n  r e s u l t i n g  from i t s  use i s  prac- 

t i c a l l y  impossible. 

Zischkale,  M. 1932. E f f e c t s  of rotenone and some common he rb ic ides  011 

f ish-food organisms. F i e l d  and Lab. 20:18-24. 

Rotenone was most t o x i c  t o  Daphnia, Hyalolla,  Enegris,  e t c  .with 

e s t e r o n  44 (2 ,k -D  mixture),  e s t e r o n  245 (2,4,5-T mixture) and 

sodium a r s e n i t e  fo1l.owing i n  o rde r  of r e l a t i v e  t o x i c i t y .  
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AND THE EFFECTS OF IIEPJ3JCIDES ON SOIT, MICROORGANISM ACTIVITY 

Audus, L. J. 1951. The b i o l o g i c a l  de tox ica t ion  of hormone he rb ic ides  

i n  t h e  s o i l .  Plant; and Soil 3:1'70-192. 

Experiments showed t h a t  the k i n e t i c s  of the breakdown of 2,4-D, 

2,4,>-T, and MCPA e s s e n t i a l l y  a r e  similar. The hreakdowr. i n -  

c ludes  t h r e e  phases: absorp t ion  b y  s o i l  c o l l o i d s ;  a l ag  phase 

of varying dliration duriiig which t h e r e  is l i t t l e  breakdown; and 

a r ap id  phase of complete de tox ica t ion .  I>etcxieatin~f a c t i v i t y  

of enriched s o i l  was completely destroyed by using a b a c t e r i a l  

poison, sodium az ide  The 2,1+-D decomposing organism w a s  i s o -  

l a t e d  and i d e n t i f i e d  as belonging t o  t h e  Eacterium globiforme 

group. 

Bounds, H. C.  1965. Detoxi f ica t ion  of some herb ic ides  by Streptomyces. 

Weeds 13:249-252. 

A l l  herb ic ides  (2,4-D and o t h e r s )  s tud ied  contaiiied ch lo r ine  and 

decomposition of var ious  he rb ic ides  was shown by an inc rease  i n  

t h e  ch lo r ide  i o n  concent ra t ion  of t h e  medium. 

Burschel,  P., and V.  H. Freed. 1959. The decompositjon of he rb ic ides  

i n  soi ls .  Weeds (:157-161. 
The r a t e  of rnicrobiological  decomposition nf t h r e e  organic  he rb i -  

c i d e s  i n  s o i l s  a t  two differ&nt. temperatures ,  29'C and l5'C, 

were studied. 

carbamate),  C I P C  ( i sop ropy l  IT- [3-chlorophenyl]carbamate), and 

amitrole. The d a t a  ind ica t ed  th2t decomposition behaves es a 

first  o rde r  r eac t ion .  It i s  poss ib l e  on t h i s  basis t o  apply 

t h e  Arrhenius equakion t o  c a l c u l a t e  t he  hea t  of a c t i v a t i o n  r e -  

quired f o r  t h i s  breakdown. A t  equa l  coiicerrtratioiis ami t ro l e  

breaks  down the f a s t e s t .  IPC 1 s  m x k ,  a n d  C I P C  i s  slowest. It 

appears  poss ib l e  t o  p r e d i c t  from the  d a t a  f a i r l y  accu ra t e ly  

the r e s i d u a l  life of herb ic ides  ill t1he so i l  on the basis of heat 

of a c t i v a t i o n ,  a s s u m i n g  soi 1 mosi t i i re  i s  adequate for micro- 

b i o l o g i c a l  a c t i v i t y .  SoLrces of e f r o r  would inc lude  leaching 

The he rb ic ides  were IPC (iscFropy1-N-phenyl 
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and autodecomposition of t h e  compound. I n  addi t ion,  it would 

be necessary t o  a s c e r t a i n  whether t h e r e  i s  v a r i a b i l i t y  of t h e  

hea t  of a c t i v a t i o n  with moisture l e v e l  and s o i l  type f o r  s t u d i e s  

i n  t h e  f i e l d .  

Kratochvi l ,  D .  E. 1931. Determinations of t h e  e f f e c t  of s e v e r a l  

he rb ic ides  on m i l  microorganisms. Weeds x: 23-31. 

Re la t ive  e f f e c t s  of s e v e r a l  chemicals a t  t h e  usua l  f i e l d  rates 

of a p p l i c a t i o n  on s o i l  microorganisms were determined by measuring 

t h e  gas  p re s su re  evolved as a r e s u l t  of b a c t e r i a l  a c t i v i t y  i n  E r -  

lenmeyer f l a s k  containing a s i l t  loam s o i l .  S i g n i f i c a n t  re- 

duction i n  microorganism a c t i v i t y  w a s  brought about by app l i ca -  

t i o n s  of TCA, PCP, IPC, and E. H.  N o .  2.  No s i g n i f i c a n t  i n -  

f luence on r e l a t i v e  

and 2,4,5-T and Endothal. E. H .  No. 1 st imulated microbial  

a c t i v i t y .  

microorganic a c t i v i t y  was ind ica t ed  by  2,b-U 

F le t che r ,  W .  W .  1956. E f f e c t  of he rb ic ides  on t h e  growth of Rhizobium 

t r i f o l i i .  Nature 177: 1244. 

The sodium s a l t s  of 2,4-D, MCPA, 2,4,5-T, 2,4-DB, and MCPR were 

i n v e s t i g a t e d  f o r  t h e i r  e f f e c t  on t h e  growth of t h e  c l o v e r  no- 

dule  forming organism. Beyond concentrat ion of ?? ppm of  t h e s e  

he rb ic ides  growth of t h e  bac?,eria was moderate t o  poor. Con- 

c e n t r a t i o n s  of less than 25 ppin had no e f f e c t  on growth of  t h e  

b a c t e r i a .  2,h-DB and MCPB were s l i g h t l y  less t o x i c  than t h e  

o t h e r  he rb ic ides .  Concentrations of 25 pprn ( = 10 lb/acre) i s  

considerably more t1.a n concentrat ions normally used i n  a g r i c u l -  

t u r a l  p r a c t i c e s  ( u s b a l l y  1 l b . / a c r c ) .  

Gamble, S .  J., C .  J .  Mayhew, and W. R. Chappell. 1952. Resp i ra t ion  rates 

and p l a t e  counts f o r  determining t h e  e f f e c t  of he rb ic ides  on 

t h e  h e t e r o t r o p i c  s o i l  micmorganisms. S o i l  Science 74:347(-350. 

The he rb ic ides  s tudied were NP-128 (ortho-chlorophenyl-sulfonyl 

f l u o r i d e )  and CMU ( 3 para-chlorophenyl-1, 1 dj methylurea) . 
herb ic ides  reduced t h e  r e s p i r a t i o n  r a t e  and plate counts of t h e  

These 

saprophytic microf lora  f o r  3 months and I month respective1.y. 



Hale, M. G . ,  E'. II. Hulcher: and W. E .  Chappell. 199.7. Tne e f f e c t s  of 

s e v e r a l  heyb ic ide j  on n i t r i f i c a t i o n  i n  a F i e l d  soil widen- labora- 

t o r y  cond i t ions .  Weeds 5:131-341. 
The e f f e c t s  of 1 sopropl  N- (3-chlorophenyl) carbamate ( C I P C )  and 

3- (p-chlorophenyl) 1, l-dimethylurea (monuron) ort growth and 

n i t r i f i c a t i o n  rates of soil I i i t r i f y i i g  or.5ani :;ms were s t . ~ d i e d  by 

t h e  s o i l  percolat ior i  method. Resu l t s  of these s t u d i e s  'were com- 

pared with r e su l t s  obtained by Warbiirg s t u d i e s  of t h e  r e s p i r a t i o n  

rates using t h e  same 2 herb ic ides  and  5 o t h e r s  includiiig 2,4-D 

and 2,4, ?-TI?. 
t o  i t s  concentrat ion b u t  n?onuron caused 110 i n h i b i t a t i o n .  At 80 

ppm, CIPC completely i n h i b i t e d  growth of n i t r i f y i n g  organisms. 

Comparisons were made o f  n o r m 1  f i e l d  a p p l i c a t i o n s  with t h e  

amotnts used i n  t h e s e  t e s t s  and it was concluded t h a t  normal f i e l d  

a p p l i c a t i o n  of t h e s e  he rb ic ides  would cause l i t t l e  o r  no d e t r i -  

menta l  e f f ' ec t  on s o i l  n i t r i f i c a t i o n .  

CIPC i.nhi.hited n i -Lr i f i ca t ion  i n  d i r e c t  proport ion 

Jones, H.  E. 194-8. The inf luence of 2,4-diehlorophenoxyacetic a c i d  on 

n i t r a t e  formation i n  a prai.:rie s0j.i. J. Amcr. Soc. Agron. 40: 
322-326. 

There were no i n d i c a t i o n s  t h a t  rates o f  2,b-D up to 23 lb/acre 

had any de t r imen ta l  i.nf luence on ni.tral;e production. However, 

when n i t rogen  i n  t h e  forms of area. arid Na NO 

acre of 2,4-D w a s  suff-icierit t o  cause inh i -b i t i on  of n i t r a t e  f o r -  

mation. 

was added, 15 Ib/ 
3 

Kaufmn, D. D. 1963. Simazine (E 2-Chloro-4, 6 bj.8 (ethy1amino)-S-- 

Otten,  

t r i a z i n e ,  he rb ic ide )  degradat ion by s o i l  :nicroorganisms . Science 

142: 405-406. 

O f  several microorganisms s tud ied ,  Aspergi l lus  fumigalus i s  most 

e f f e c t i v e  i n  degradation of bo th  r i n g -  and chain- labeled 14 c 

s imzine .  Seveyal specj  e s  used s i  rmzirie 3 6  a carbon source,  

R.  J., J. E. Dawsori, and M. 14. Sch re ibe r .  1937. The e f f e c t s  of 

several herbicides of1 nitrific::il.it-m in soil. Ann. PIeet,. North- 

e a s t e r n  Weed Contr. C o r i f . ,  Proc.  1-1:210-127(. 

Eight h e r b i c i d e s ,  Polybor-Chlorat,e, dalapon, TCA, ATA, CDEC, 
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CDAA, CIPC, and monuron (CMJ), were app l i ed  t o  s o i l  samples a t  a 

r a t e  approximating f i .e ld  a p p l i c a t i o n s .  Second t r ia ls  were made 

ai; a rate  double t h e  f i r s t  ra tes ,  The low rate of every he rb i -  

c ide  except CUEC reduced t h e  n i t r a t e - n i t r o g e n  values  s ign i f i can t -  

l y .  The high rate of each chemical produced a. g r e a t e r  i n h i b i t i o n  

than i t s  corresponding low rate. Polybor-Chlorate was t h e  most 

t o x i c  he rb ic ide .  Treated s o i l s  contained on ly  one - th i rd  t h e  n i -  

t r a t e - n i t r o g e n  found i n  c o n t r o l  s o i l s .  

remained i n  s o i l  r ece iv ing  t h e  higher  rate of each he rb ic ide .  

I n  a second experiment, t h e  he rb ic ides  and ammonium-nitrogen were 

app l i ed  t o  s o i l  i n  which an a c t i v e  population of n i t r i f y i n g  bac- 

t e r i a ,  had been allowed t o  develop. A l i n e a r  i nc rease  i n  t h e  n i -  

t r a t e - n i t r o g e n  values  of c o n t r o l  s o i l s  during t h e  f i rs t  f e w  days 

a f t e r  t reatment  i nd ica t ed  t h a t  n i t r i f y i n g  b a c t e r i a  were r a p i d l y  

oxidizing t h e  ammonium-ni-trogen introduced i n t o  the system. Data 

i n d i c a t e  it was doubtf'ul t h a t  any he rb ic ide  sub jec t  t o  r ap id  micro- 

b i a l  decomposition w i l l  cause any important e f f e c t  on n i t r i f i c a t i o n  

Ploybor-Chlorate i n h i b i t s  n i t r i f i c a t i o n ,  although it w a s  not  de- 

termined what level  w a s  necessary f o r  i n h i b i t i o n .  Because r a p i d  

n i t r i f i c a t i o n  does no t  t ake  place without  water, t h e  amount of 

each he rb ic ide  dissolved i n  s o i l  water might be more c r i t i c a l  

than t h e  na tu re  of t h e  chemical i t s e l f .  

More ammonium-nitrogen 

Sheets,  T.  J.  and A .  S. Crafts. 195'7. The phytotoxici- ty  of f o u r  phenyl- 

u rea  he rb ic ides  i n  s o i l .  Weeds 5:93-101. 
Toxic i ty  of all 4 compounds w a s  l o s t  more r a p i d l y  i n  non-auto- 

claved s o i l  than i n  s o i l  which was autoclaved i n i t i a l l y .  More 

r a p i d  loss of t o x i t y  w a s  observed i n  cont inuously moist s o i l  

as opposed t o  s o i l  which w a s  d r y  every o t h e r  month. The r e s u l t s  

suggest iiiicrobial a c t i v i t y  i s  responsible  f o r  d e t o x i f i c a t i o n .  

Whiteside, Jean S. ,  and M. Alexander. 1960. Measurement of microbiologi- 

c a l  e f f e c t s  of  he rb ic ides .  

A method i s  descr ibed for memurement of .tile e f f e c t  of s e v e r a l  

he rb ic ides  on s o i l  r e s p i m t i o n  using oxygen consutnption ir! t h e  

decomposition of native s o i l  organic  matter or added carbonaceous 

Weeds 8:204-213. 



mate r i a l  as the  c r i t e r i o n .  No microbiological  e f f e c t s  could be 

found a t  normal appl ica t ion  rn4,es f o r  weed con t ro l .  

a t  100 ppm o r  more caused a decrease in oxygen consumption, how- 

ever. 

and 2,4-dichlorophenoxyacetic ac id  are metabolized by s o i l  micro- 

flora. No eviderice was foimd f o r  microbial  a t t a c h  of 2,&,3-T, 11- 

(2,4,5-TB), 2-(2,4-5-TP) and 2-(2,4-DP) s u f f i c i e n t  t o  cause 

disappearance of the  u l t r a v i o l e t  absorption. 

2,4-D appl ied 

It tras shown that 4 ( 2 ,  &-dichlorophenoxy) b u t y r i c  ac i d  
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BEHAVIOR OF IEZBICIDES WITHIN THE PLAWT 

14 Aldrich, F. D. ,  and N. E.  Otto.  1959. The t r a n s l o c a t i o n  of 2,4-D-1-C 

i n  Potamogeton p e c t i n a h s ,  a submersed aqua t i c  p l a n t .  Weeds ( : 

295 -299. 
Roots were i s o l a t e d  from upper stem and l e a f  t i s s u e  of Potamo- 

geton p e c t i n a t u s  t o  permit a,pplication of  carboxyl-labeled 

2,4-D t o  each system sepa ra t e ly .  I n d i v i d u a l  p l a n t s  were fed wi th  

t h i s  compound f o r  i n t e w a l s  of 6, l2, and 24 h r ,  harvested,  and 

assayed f o r  s p e c i f i c  a c t i v i t y  i n  r o o t  and l e a f  t i s s u e s .  Radio- 

a c t i v i t y  i n  p l a n t s  receiving t h e  2,4-D i n  leaves was p r imar i ly  

downward. I n  both root-fed and l ea f - f ed  p l a n t s ,  r ad ioac t ive  

accumulation was more extensive i n  r o o t s  than leaves.  

Andersen, 0. 1938. Stud ies  on t h e  absorpt ion and t r a n s l o c a t i o n  of  

ami t ro l e  (3-amino-l,2,4-triazole) by nu tg ras s  (Cyperus rotundus 

L. ) . 
The r ad ioac t ive  i so tope  of ami t ro l e  penetrated,  t r ans loca ted ,  

and showed a d e f i n i t e  accumulation p a t t e r n  a t  t h e  growing po in t s ,  

an occurrence which coincides  very w e l l  w i th  t h e  s i te  where ami- 

t r o l e  i s  found t o  a t t a i n  i t s  maximum t o x i c  e f f e c t .  S imi l a r  ac- 

c u m l a t i o n  p a t t e r n s  were a l s o  evident  i n  t h e  t u b e r s .  Compared 

with MH, 2,4-D, a i d  2,4,5-T, the s u p e r i o r i t y  of ami t ro l e  i n  kill- 

i ng  t h i s  complex p l a n t  system seems t o  r e s u l t  from t h e  r ead iness  

with whi-h ami t ro l e  t r a n s l o c a t e d  t o  a l l  p l a n t  p a r t s .  

2,4-D and 2,1+, 5-T‘ showed a r a t h e r  r e s t r i c t e d  t r a n s l o c a t i o n  pat-  

t e r n .  IvIH w a s  s i m i l a r  t o  ami t ro l e  i n  i t s  t r a n s l o c a t i o n ,  b u t  e v i d e n t l y  

i t s  t o x i c i t y  t o  the  nu tg ras s  w a s  rmich lower than t h a t  of ami t ro l e .  

Other au tho r s  suggest that, t h e  reason 2 , 4 - D  and 2,4,3-T are less 

e f f e c t i v e  on complex weeds i s  t h a t  t h e  he rb ic ides  a r e  f r equen t ly  

metabolizad. T’he t r a n s l o c a t i o n  of ami t ro l e  fol lows t h e  stream 

of t h e  photosynthates.  

Weeds 7: 370-385. 

I n  c o n t r a s t ,  

Ashton, F. M. 1958. Absorption a d  t r a n s l o c a t i o n  -_ of  r ad ioac t ive  2,4-D 

i n  sugarcane and bean plan1 s . Weeds 6: 257-262. 
A h igh ly  s e n s i t i v e  and s p e c i f i c  method f o r  i s o l a t i n g  r ad ioac t ive  

2 , 4 - D  from p l a n t  t i s s u e  i s  descr ibcd.  Sugarcane (Saccharum 



Bayer, 

Cooke, 

off ic inarum) and bean (Phaseolus vulgarus) both  r e a d i l y  absorb 

'2,4-D : tppl ied t o  t h e i r  1eavi.s. The bean p l m t  t ransported 2,4-13 

more r e a d i l y  tllari ihe sugarcane aud had a. higher  concentrat ion 

of the chemical i n  i t s  tissues p a r t i c u l a r l y  a t  tlie gr.owirig po in t .  

The resistcznce of monocots to t h e  t o x i c  p f f e c t s  of 2,h-D e m  be 

p a r t l y  explained by  t h e  slower rat? of t r ans loca t io rL  and t h e  lower 

concentrat  ion i n  t i s s u e s .  

D. E., arid S. Yamguchi .  1963. Absorption nr:d d i s t r i b u t i o n  of 

diuron- C . Weeds 13:232-235. 

Movement of' diGron out of t he  art38 of a p p l i c a t i o n  by phloem w s s  

ve ry  l imi t ed .  

A. E. 

t h e  so i l .  Weeds 5:25-28. 

The minera Is s tud ied  were potassium, ch lo r ine ,  calciuni, and s u i -  

f u r .  

we t t ing  agent t o  bean p l a n t s ,  there w&s a marked inc rease  i n  

t h e  uptake of  mineral  n u t r i e n t s  f r o m  t h e  s o i l .  Th i s  i nc rease  

was more n o t i c e a B  i n  t h e  monovalent potassium and c h l o r i d e  

ions and t h e  d i v a l e n t  calcium ions  than i n  the d i v a l e n t  s u l f a t e  

i ons .  About 24 hours af'ter spraying, the 2,4-D treatment  began 

t o  i n h i b i t  t h e  uptake.  

l a s t e d  for 48 hours, a f te r  which upi,ake w a s  i n h i b i t e d .  Lo.NI 

concentrat ions of  2,4-D w i l l  st 'imulatz r e s p i r a t i o n  i n  a number 

of t i s s u e s ,  while  h ighe r  eoncentrat ions will i n h i b i t  r e s p i r a t i o n  

of these same tissues. 

14 

1957. i n f luence  of 2,4-D on the  uptake of minerals from 

S h o r t l y  after t h e  a p p l i c a t i o n  of l O O m g / l  of 2,4-D with a 

The s t irnu1atc)rjr e f f e c t  or1 ca,lc i u m  uptake 

Crafts, A. S .  1956. The mechanism of' t ranslocats ion:  Methods of s tudy 
14  

with C l abe led  2,h-D. Rikczrdia 26:287-334. 

E a r l y  conclusions t h a t  2 , h - D  migrates from sprayed leaves t o  t h e  

phloem and i s  t r a n s p o r t e d  i n  t h i s  t i s sue  aLxy with fond matericlls 

t o  other parts of the  pla:lt were substant , idted by us ing  l'rC-llCeled 

2,4-D as a t r a c e r .  

Prom young leaves t?-~lst were 3 L i l l  importiug roods from iiiccl-e 

mature p a r t s  of the p l a n t .  

autoradiographs decreased i r i  roots, stems, and leaves i n d i c a t i n g  

t h e  probable metabolism of the chemicdl and loss i n  t he  form of CO,. 

I n  cotton and crtoilmber, 110 2,4-D was t ransported 

After 214 hours ,  i n t ens i t , y  of 2 , Q - D  i n  

L- 
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Craf t s ,  A .  S., and A .  Yamaguchi. 1960. Absorption of he rb ic ides  by 

r o o t s .  Amer. J .  Bot;. 4';:248-235. 

Radioactive i so topes  of a l l  t h e  following he rb ic ides  were used. 

2,4-D w a s  held a t  hi.gh concentrat ion by t h e  r o o t s  when appl ied t o  

cu l tu re - so lu t ion  ba r l ey ,  bean, cot ton,  and Zebrina p l a n t s .  Very 

l i t t l e  of t h e  labeled compound moved i n t o  t h e  tops of bar ley,  

Zebrina a.nd bean. A " fa i r  quan t i ty"  w a s  found i n  co t ton  f o l i a g e .  

Barley seed l ings  allowed to a.bsorb 2,4-D, ATA, MH, urea,  monuron, 

dalapon, simazine, 32P arid I A A  showed i nterestin.g d i f  fereiices.  

A l l  chemicals were n igh ly  absorbed by  r o o t s .  2,4-D was moved t o  tops  

i n  least, amount; urea w a s  next. The other seven were moved i n  

l a r g e r  q u a n t i t i e s .  ATA, MH, IAA, 32P, and dalapon seemed r e a d i l y  

phloem mobile. Monuron and simazin seemed l imi t ed  t o  xylem move- 

ment. Previous experiments c i t e d  i n d i c a t e  t h a t :  (1) s o l u t e s  may 

accumulate i n  o r  on t h e  su r face  of r o o t s  t o  varying concentra- 

t i o n s  depending on t h e  p a r t i c u l a r  molecules; 

s o l u t e s  may be absorbed i.nto t h e  r o o t s  and t r a n s l o c a t e d  t o  the  

f o l i a g e  i n  varyi-ng amounts, depending upon t h e  molecules involved 

and t h e  spec ie s .  Many of t h e s e  same compounds app l i ed  t o  leaves 

will migrate from t h e  c u t i c l e  t o  t h e  phloem, move r a p i d l y  down- 

ward i n t o  t h e  roo t s ,  and i n  c e r t a i n  in s t ances  l e a k  i n t o  t h e  ex- 

t e r n a l  s o l u t i o n .  Also, c e r t a i n  molecules upon reaching t h e  r o o t s  

may t r a n s f e r  i n t o  t h e  xylem and r e -en te r  t h e  f o l i a g e .  Compounds 

t h a t  seem most mobile i n  t h e  phloem seem a l s o  t o  t r a n s f e r  t o  t h e  

xylem and r e -en te r  t h e  tops  i n .  t h e  g r e a t e s t  amounts. 

o f  r o o t  c e l l s  t o  d i sc r imina te  .between 2,4-U and dalapon, r e t a i n -  

ing t h e  former while f r e e l y  t r a n s p o r t i n g  t h e  l a t t e r ,  seems t o  

i n d i c a t e  a d e f i n i t e  protoplasmic c o n t r o l  over roo t  absorpt ion.  

A similar d i sc r imina to ry  power of t h e  leaf'  between ?@I and monuron 

i n d i c a t e s  c o n t r o l  over, e n t r y  of solutes in-Lo phloem of leaves.  

The physiology of t h e s e  phenomena i s  also d i  scussed. 

and (2)  t h e s e  

The a b i l i t y  

Crafts, A .  S. 1964. He.rbici.de behavior i r r  the plarLt, p. 75-109. I n .  

L. J. Audus, The physiology and biochemistry of he rb ic ides .  

Academic Press ,  London and New York. 



Such he rb ic ides  as 2 , b - D  and ;?,4.5--T may migrate .across ?,he phleom 

aiid m o w  i r i  t h e  xylem i n  the trancpir--t ion stream. However, it 

may rn:lve e t t h e r  d i r c c t i o n  o r  bot,h d i r e c t i o n s .  

rect ior i  or̂  flow of 2,4-D and other h e r b i c i d e s  i s  disc-issed. T'nis 

book con ta ins  information on behavior of herb ic ides  in the s o i l  

growth rcsponsee t o  h e r b i c i d e s ,  'nerbl c ide  aLlec t iv i t ,y ,  etc. 

Davis, D.  E .  lg5. A-Lrazine absorpkicn and dpgradation by corn, Cottori 

The zptcd and d i -  

and soybeans. Weeds 13:292-233. 

L ibe ra t ion  of 14C0_ by degradat ion of  14C ring labeled a t r a z i n e  

w a s  not.  s h o w r l  t o  occur i n  these p l a n t c .  
L 

Mann, J. D., L. S. <Tordcn, and B .  E .  Day. 1965. A siirvey of' he rb ic ides  

for t h e i r  eff'ect upon protei71 syn thes i s .  PlarL.t Physiol .  l+O: 940-84 3. 
The e f f e c t  of' normal f i e l d  a p p l i c a t i o n  concentrat ions of he rb ic ides  

upon p r o t e i n  s'ynthesis and amino a c i d  uptake i n  segments of barley 

and Sesbania seedlinizs was t e s t e d .  Protein s y n t h e s i s  from leucine-  

1- 

Isopropyl N- (3-chlor lphrnyl)  caybornate), Endotlial (3,6-endoxo- 

hexahydrophthalic acid), Toxyni l  ( 3,5-di icdo-4-hydr .oxyber~zoni t~i le)  

and - PCP ( p e ~ t a c h l o r o p ~ i c n o l )  . 
was i n h i b i t e d  by PCP and Ioxyrii l .  Amino acid iricorporatiori i n  

add i t ion  t o  uptake was i n n i b i t e d  by CXPC, CDAA, 2nd Endothal. 

Metcalf', E. L. 1965. F u n z i i m  and 2ctiotr of p e s t i c i d e s  on c e l l s . I n  

14 
C was depressed by - CDAA (2-chloro-N, N-dial lylacetamids) ,  -- CIPC 

The uptake of 2-amino-n-butyric a c i d  

__.-  

- 
(Abstr.) Report of L h t  :J. S. -Jspa~ Pl?:ining Meeting on F e s t i c i d e  

Research. April, 196>. U . S. - Sapan Cooperative Science Program, 

Ha t iona l  Science Fouridaticn p .  23-26. 
The mode of actitxi or auxin-type herbicides seems co be r e l a t e d  

t o  a t h r e e -  or two-point r e a c t i o n  bebween the phenoxyacetic 131- 

benzoic a c i d  2nd t he  p r o t e i n - s t r u c t u r e  at t h e  "primary growth 

c e n t e r "  of t h e  cell-key points  involving t h e  -COOH group, and 

and a-hydrogen, and t h e  unsst i i rc ted r ing,  The u l t i m a t e  e f f e c t  

seems t o  be the  prodinctior oY abnL>rmal amounts cf RNA and per- 

haps an imnbalance v i t h  kiriPtirL. 'The  actio^! oi' Lhe t r i a z i n e  and 

urea herb ic ides  i s  r e l a t>ed  t o  the i r .  a b i l i t y  t o  j i i h ib i t  photo- 

syrlt,hesi.; a t  an early sLep ir)src?lvinp the  piiotolysis of w 9 t t . r  and 

the  e i jn lu t ion  of oxygcr . CO, fj i tnt . i iJn i s  decreased, and tile 
2 
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syn thes i s  of products from t h e  t r i c a r b o x y l i c  a c i d  cycle  i s  blocked. 

S tud ie s  with dalapon (dichloropropionic  a c i d )  have demonstrated 

t h a t  t h i s  compound i s  not  r e a d i l y  metabolized by higher  p l a n t s .  

However, it i s  r e a d i l y  converted t o  pyruvic a c i d  by s o i l  micro- 

ordansims which by a process of enzyme adaptat ion,  become iiicreasirig- 

l y  ab le  t o  degrade t h e  he rb ic ide .  This  process  i s  of g r e a t  i m -  

portance i n  b iodegradab i l i t y  determinat ions.  The pronounced 

s e l e c t i v i t y  of t h e  t r i a z i n e  he rb ic ides  such as simzzine and atra- 

zine i s  due t o  t h e i r  r ap id  degradation i n  unsuscept ible  p l a n t s  

such as corn.  The biochemistry of t h e s e  phenonema i s  discussed 

i n  d e t a i l .  

Morgan, P. W .  1963. Metabolism of 2,4-D by co t ton  and g r a i n  sorghum. 

Weeds. 11:130-135. 

After co t ton  i-ecovered from 2,4-D t h e  r e g u l a t o r  could not  be de- 

t e c t e d  i n  subsequent vege ta t ive  o r  reproduct ive growth. 14, w a s  

used a a t r a c e r .  

chromatographically d i f f e r e n t  material. 

Both c o t t o n  and sorghum converted 2,4-D t o  a 

Morre, D. J. and B. J. Rogers. 1960, The fa te  of  long-chain esters of' 

2,4-D i n  p l a n t s .  Weeds 8:436-447. 

Roots of cucumber seed l ings  were i n h i b i t e d  by 2,4-D a c i d  over  a 

narrow conceatrat ion range where t h e  o c t y l  es ter  had no e f f e c t  

on growth, due t o  t h e  d i f f e rence  i n  uptake.  Using t h i s  d i f f e r e n c e  

as a basis, c e r t a i n  c r i t e r i a  f o r  an enzyme ca t a lyzed  d e - e s t e r i f i c a -  

t i o n  of t h e  o c t y l  es te r  of 2,4-D were f u l f i l l e d .  

an i n  vivo hydrolysis  of t h e  o c t y l  and propylene glycol  b u t y l  

e t h e r  (PGBE) e s t e r  of 2,4-D was obtained by means of t h e  cu rva tu t e  

response of kidney bean e p i c o t y l s .  

Evidence f o r  

-- 

Gratkowski, H. J .  1961. Use of  he rb ic ides  on f o r e s t  lands on south- 

western Oregon. P a c i f i c  Northwest Fo res t  and Range Exp. S t a .  

Research Note. 217. 

The use of he rb ic ides  for t h e  purpose of k i l l i r i g  dense s t ands  or 

brush which are preventing the regrowth or d e s i r a b l e  t r e e  species  

such as. Douglas fir, ponderosa pine and sugar pine i s  discussed.  

2,4-D and 2,4-5-T have proven successful f o r  this purpose i n  some 

areas. It w a s  concluded by the author  t h a t  more information i s  
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needed on absorpt ion arid t r a n s l o c a t i o n  of he rb ic ides  i n  resis- 

t a n t  brush species ,  t h e  best s@dsoris and tu.e::,tnients f o r  re- 

l eas ing  p ines  from t,heir competit ion with brush, e f f e c t s  o f  

various niis rtnd ctkicr a d d i t i v e s  i n  c?ru.ier s ,  a n d  economic l i m i i t s  

for expendi tures  (3x1 herb ic ide  preograms . 
Wain, R .  L. 19611. The behavior of he rb ic ides  i n  t h e  p l a n t  i n  r e l a t i o n  

t o  s e l e c t i v i t y ,  p. 46cJ-k6C!. In :  L. J. Audlis, The physlology 2nd 

biochemistry LIT h e r b i c i d e s .  Academ; c Press ,  London and New York. 

Lower 

may be one f a c t o r  which determines their r e s i s t a n c e  t o  t o x i c  ef-  

f e c t s  of 2,4-D. Sitmziric i s  s c l e c t i v e  i n  i t s  t o x i c i t y  because 

such plant,,; as corn metabolizd the he rb ic ide  fairljr r a p i d l y  i n t o  

a non-toxic form. The f a c t  t h a t  2,4,5-T i s  nicire t o x i c  t o  cucum- 

ber p l a n t s  t han  2,4-D has been sliown t o  be r e l a t e d  t o  t h e  i nab i l i -  

t y  of t h e  p l a n t s  t o  d e t o x i f y  2,&,5-T a s  r a p i d l y  as 2 , 4 - D .  

- 

rates of t r a r , s loca t ion  of 2, b-1) i n  rnonocot,yledonous p l a n t s  

Yamaguchi, S., arid A. S. Crafts. 1-959. Comparative s t u d i e s  with l abe led  

he rb ic ides  on woody p1arlts. Hilgardia 29: l(1-204. 

Spot t r ea tmen t s  of 2 , 4 - D ,  2,4,'3-T, ATA, MI, u rea ,  and monuron 

t o  a c t i v e  phloem of manzanita, toyon, and bockeye growing irl the 

f i e l d  proved t h a t  t h e  f i rs t  two are c o n s i s t e n t l y  absorbed and 

t r a n s l o c a t e d  i n  t h e  phloem. Peak movements followed t h e  season ' s  

f l u s h  growth. The o t h e r  ccnnpoundf. were more g e n e r a l l y  c a r r i e d  

away by  t h e  t r a n s p i r a t i o n  stream. Translocat ion of he rb ic ides  i n  

t h e  phloem can rxcu r  independently of the  xylem. There was 

ready t r a n s f e r  from phloem to  xylem, b u t  downward movement i n  t h e  

tree t r u n k  occurred in t h e  phloem, 2nd upward movement occurred 

i n  the xylem. 
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PERSTSTENCE OF HERBICIDES AND THEIR EFFECTS ON SUCCEEDING PLANT GROWTH 

Cain, I?. A .  1965. P e s t i c i d e s  i n  t h e  environment, with s p e c i a l  a t t e n t i o n  

t o  aqua t i c  biologicaL resources .  p. 12-18. (Abstl'.) In Iieport on 

t h e  U. S. -Japar? P l a m i n g  Meeting on P e s t i c i d e  Research. Apri l ,  

1965. U. S. -Japan Cooperative Science Program, National Science 

Foundat ion .  

P e s t i c i d e s  such as DDT, 2,4-D, parathion,  heptachlor,  and s i l v e x  

have been recovered from bottorn muds and soi l -water  i n t e r f a c e .  

P e s t i c i d e s  t h u s  s to red  i n  t h e  a b i o t i c  environment may la ter  be r e -  

leased i n t o  b i o l o g i c a l  c i r c u l a t i o n .  There i s  some b i o l o g i c a l  decom- 

posj t i o n  of  p e r s i s t e n t  p e s t i c i d e s ,  e s p e c i a i l y  by  b a c t e r i a  i n  e s t u -  

a r i e s .  Most of 

t h i s  a r t i c l e  d e a l s  exc lus ive ly  with p e s t i c i d e s .  

- 

DDT and 2,b-D t oge the r  show a s y n e r g i s t i c  e f f e c t .  

Ehman, P. J. 1969. E f f e c t  of a r s e n i c a l  bui ld-up i n  t h e  s o i l  on subsequent 

growth and r e s idue  content  of crops. Ann. South. Weed Conf., Proc. 

18 : 685-687. 

Organic a r s e n i c a l  he rb ic ides ,  represented by  DSMA ( d j  sodium methane- 

a r sona te )  and cacodylic a c i d ,  are l a r g e l y  i n a c t i v a t e d  by  s o i l .  The 

t i m e  necessary for i n a c t i v a t i o n  v a r i e s  from a few days t o  s e v e r a l  

months depending on the a r s e n i c a l ,  t h e  amount appl ied,  and the  amount 

of r a i n .  The s e n s i t i v i t y  of' CotLon, soybeans, sorghum, and peanuts 

t o  pre-plant  t reatment  with t h e  DSMA and cacodylic a c i d  i s  g r e a t e s t  

for  peanuts and l e a s t  f o r  soybeans. 

DSMA i n  s o i l ,  which i s  the amrmnt required f o r  good weed con t ro l ,  no 

r e s idues  have been found i n  cot ton,  r o t a t i o n a l  crops, o r  i n  s e v e r a l  

orchard f rui ts  a t  an i n a c t i v a t i o n  t i m e  of one month o r  less. 

Goodin, J.  R . ,  L. R .  Green, and V. W. Brown. 1966. Picloram--a promising 

A t  l e v e l s  of 5 t o  10 lbs/A of 

nev he rb ic ide  for c o n t r o l  of woody p l a n t s .  C a l i f o r n i a  Agricul ture  

20:2. 

The l a t e s t  developed herbicide,  Picloram (4-amino-j,5,6-trichloropi- 

col i r i ic  a x i d )  i s  discussed and  compared t o  2,4-D and 2,b,5-T as a 

brush k i l l e r .  It has nc t  been r e g i s t e r e d  f o r  rangeland use and i s  

not  a t  t h i s  time recommended by t h e  Un ive r s i ty  of C a l i f o r n i a .  I n  

several experiments conducted on i t s  e r f e c t s  on woody p l a n t s ,  Picloram 



vas g e n e r a l l y  found t o  be more e f f e c t i v e  than  2, l+-D and 2,h,?-T. 

Leaf a p p l i c a t i o n  r e s u l t s  i l l  a Yela t ive ly  slow k i l l  whereas s o i l  

a p p l i c a t i o n  w a s  very effectdive i n  c o n s i s t e n t l y  k i l l i n g  the  e n t i r e  

p l a n t .  This  l ed  the r e sea rche r s  t o  conclude t h a t  Picloram i s  

t r a n s l o c a t e d  faster i n  t h e  p l a n t  than t h e  o t h e r  brush k i l l e r s .  

Picloram has a long r e s i d u a l  l i f e  in t h e  s o i l ,  thus having some 

c o n t r o l  over regrowth. Grasses are! r e l a t i v e l y  t o l e r a n t  t o  Picloram. 

Ivey, M. J. and H. Andrews. 1967. Leaching of simazine, a t r a z i n e ,  diuron,  

arid DCPA i n  s o i l  colunuss. p. 670-684 In :  Proc. Southern Weed Conf. 

In p r a c t i c a l l y  every case t h r  depth of h r r b i c i d e  movement i n  t h e  

columns v a r i e d  d i r e c t l y  with the rate of app l i ed  water. Atrazirie 

and simazine moved deeper i r i  t h e  columns than diuron which remained  

i n  t h e  surface 6 inches.  

types. 

Leaching was compared on d i f f e r e n t  s o i l  

Jones, L. B. 1964. A three-year s tudy of  the  p e r s i s t e n c e  of 2,4-D, diuron, 

simazine, a t r a z i n e ,  DNBP, DCPA, and amiben in t h e  soil. M.S. Thesis.  

Univ. Tennessee. 80 p. 

Treatments o f  1, 2.5, and 3 times the rrconnncnded rates of app l i -  

c a t i o n  were r e p l i c a t e d  f o r  three successive yea r s .  Bioassays with 

o a t s  and cucumbers, supplemented by ratings of weed c o n t r o l  and 

corn and oat i n j u r y  whenever possibl.e, indicated that t o x i c i t y  from 

t h e  1 x ra te  of  a p p l i c a t i o n  nf simazine and a t r a z i n e  gemeraliy d i s -  

appeared w i t h i n  20 weeks. no  s i g n i f i c a n t  i r l ju ry  from t h e  1 x rate 

occurred t o  f a l l - s eeded  o a t s .  The 5 x r a t e  of t h e  two materials 

o f t e n  p e r s i s t e d  throughout t h e  sampling period. L i t t l e  o r  no resi- 

d u a l  t o x i c i t y  from the 1 x ra te  of diuron was de tec t ed .  

a t r a z i n e ,  and diuron a t  ve ry  high rates of a p p l i c a t i o n  could p e r s i s t  

throughout a year .  Materials t h a t  are slowly decomposed might ac -  

cumulate a t  lower levels in t h e  s o i l  where decomposition i s  slow. 

However, l i t t l e  danger of r e s i d u a l  t o x i c i t y  o r  a c c u m l a t i o n  appeared 

with t h e  recommendvd rates of a p p l i c a t i o n .  

S i m z i n e ,  

Kozlowski, T. T.  and J. E. Kuntz. l%j. E f f e c t s  of s j m a z i n e ,  a t r a z i n e ,  

propazine,  and eptarn on growth and deveioprmxl t of p ine  seed l ings .  

S o i l  Science 95: 164-174. 
E f f e c t s  of dosage and t i m e  of' a p p l i c a t i m  o f  the t r i a z i c e  h e r b i c i d e s  
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on growth and development of red pine and white pine seedl ings  were 

s tud ied .  Pre-emergence sprays o r  d i r e c t  spray on seed l ings  caused 

severe damage. Germination w a s  l i t t l e  a f f ec t ed ,  b u t  cotyledons of 

young seedl ings  event i ia l ly  d ied .  I n  j u r y  and m r t a l i t y  increased as 

herb ic ide  dosage increased.  More seedl ings ,  g r e a t e r  t o t a l  d ry  

weight of seedl ings,  and l e s s  i n j u r y  r e s u l t e d  a s  app l i ca t ions  of 

herb ic ides  w a s  delayed. 

t he  sur face  l a y e r s  of the  s o i l .  This  emphasizes t h e  dangers of 

t h e i r  p o s s i b l e  pe r s i s t ence  and accumulation i n  forest n u r s e r i e s  

even i n  l i g h t ,  sandy s o i l .  Delayed app l i ca t ions  of he rb ic ides  

caused l e s s  i n j u r y  t o  seedl ings  because t h e  r o o t s  of t h e  older  

seedl ings  a r e  below the s o i l  which con ta ins  phytotoxic  amounts of 

t he  chemicals. 

It w a s  found t h a t  t he  t r i a z i n e s  remain i n  

Kozlowski, T. T.  and J. H. To r r i e .  1965. E f f e c t  of s o i l  incorpora t ion  

of he rb ic ides  on seed germination and growth of pine seed l ings .  

S o i l  Science 100:2. 

Herbicides  s tud ied  were DCPA, CDEC, EEITC, CDAA, propazine,  simazine, 

prometryne, and a t r a z i n e .  These s t u d i e s  support  t he  evidence given 

i n  t h e  publ ica t ion  by  Kozlowski and Kuntz, 1963 (above) t h a t  s o i l  

incorporated he rb ic ides  cause seedl ing  m o r t a l i t y  and decrease dry 

weight product ion of s eed l ings .  

delayed t o x i c i t y ,  which emphasizes the  danger of evalua t ing  herb i -  

c ide  t o x i c i t y  i n  sho r t  time experiments.  

Cer ta in  t r i a z i n e s  exh ib i t ed  g r e a t l y  

Leonard, 0. A. and A. H. Murphy. 1965. Rela t ionship  between herb ic ide  

movement and stump sprout ing .  Weeds 13:26-30. 
Less sprout ing  of b lue  oak (Quercus doug las i i )  and Ca l i fo rn ia  b lack  

oak (Q. - k e l l o g g i i )  occurred when t r e a t e d  stumps were: (a)  c u t  30 ern 

r a t h e r  than ern high, (b )  t r e a t e d  a t  once a f t e r  c u t t i n g  r a t h e r  

than a f t e r  7 days, ( e )  t yea t ed  wi th  2,4,~-trichlorophenoxyacetic 

ac id  (2,4,5-T) amine r a t h e r  than with 2,4-dichlorophenoxyacetic 

a c i d  (2,4-D) amine, and ( d )  l e f t  uncovered r a t h e r  than  covered. 

The d i f f e rences  between t rea tments  even tua l ly  disappeared because 

of t he  death of t h e  sprouts ,  poss ib ly  due t o  t h e  l e v e l s  of he rb i -  

c ide  used i n  t h e  t rea tments .  The downward movement of carboxyl  

14C-labeled 2,4-D and 2,4,5-T, 3 - a r n i n o - l , 2 , 4 - - t r i a z 0 l e - ~ - ~ ~ C ,  and 



14C-labeled urea  in i n t e r i o r  l i v e  oak (Q. - w i s l i z e n i i )  stumps was 

s tud ied ,  Rainfal l ,  l e v e l  of 2,4-D appl ied ,  and t i m e  i c t e r v a l  a l l  

appeared t o  inf'luence downward n~vement  . 
Ogle, R. E. and G.  F. Warren. 1954. Fate  and a c t i v i t y  of he rb ic ides  i n  

Soils.  Weeds 3 Q3'7-273, 

The f a t e  and a c t i v i t y  o f  2,4-D, TCA,, PWA, CIPC, and CMU in t h r e e  

s o i l  types  were s tud ied .  Breakdown, pe rco la t ion ,  leaching, and 

r e t e n t i o n  experiments were conducted. I n  gene ra l ,  h e r b i c i d a l  

breakdown w a s  found t o  be p ropor t iona l  to t h e  -temperature, which 

sugges ts  microbia l  decomposi-tion i s  inportant,.  Rate of breakdown 

increased  p rogres s ive ly  from sandy s o i l  t o  silt; loam t o  mick. CMU 

w a s  most p e r s i s t e n t  followed by TCA, CTPC, NPA and 2,4.-D, TCA 

moved r a p i d l y  i n  a l l  - three soil. types and 2,4-D leached r e a d i l y  

i n  all except  m c k .  NPA was r e t a i n e d  t o  a cons iderable  ex ten t  i n  

a l l  t h r e e  s o i l s ,  Ct4I.J was r e s i s t e n t  t o  movement especialEjr i n  the  

muck and CIPC vas  h igh ly  r e s i s t e n t  t o  movement i n  all t h r e e  so i l s .  

Upchurch, R. P., F. L. Selman, D. D. Mason, and E. J. IGmprath. 1966. 

The c o r r e l a t i o n  of h e r b i c i d a l  a c t i v i t y  with s o i l  and c l i r a t i c  fac- 

tors.  Weeds 14:42-49. 
The p h y t o t o x i c i t y  from preemergence a p p l i c a t i o n s  of the  he rb ic ides  

simazine, diuron,  CIPC, CDEC, and CDAA was measured at l7 f i e l d  

l o c a t i o n s  i n  the  c o a s t a l  p l a i n  of North Carol ina over  t h r e e  yea r s .  

S i t e  s e l e c t i o n s  were m d e  wi th  s p e c i f i c  regard. f o r  s o i l  organic 

matter ,  which va r i ed  from O.'7 t o  48.8%. 

determined a t  4 t o  3 weeks a f t e r  t rea tment  .were t he  amounts of 

he rb ic ide  requi red  ~ C J  cause a 50% reduct ion  i n  (1) soybean dry  shoot 

weight, (2 )  co t ton  d ry  shoot weight, and (5 )  number of weedy annual  

g ra s ses .  Fourteen f a c t o r s  were measured a t  each loca t ion  4x1 char- 

a c t e r i z e  s o i l ,  cl . lmatic,  and b io t , i c  f a c t o r s .  These were c o r r e l a t e d  

wi th  p l m t  responses  cb ta ined .  For simazi.ne, diuron, a d  CIPC t h e  

measured f a c t o r s  accounted .for 60% o f  t h e  p l a n t  response v a r i a t i o n .  

The h ighes t  simple c o r r e l a t i o n  w a s  mxially between sn i .1  organic  

mat ter  and p l a n t  response. Ph;fl;o-tnxicii;y of t he  aromatic  he rb i -  

c i d e s  was in-rrersely correlated wi.th t h e  s o i l  organic  mat te r  l e v e l .  

CDAA and CDEC u s u a l l y  gave r e l i a b l e  atld repea tab le  performance at 

Phy to tox ic i ty  responses 



constant r a t e s  on s o i l s  coritaining between 3 and J+O$ s o i l  organic 

ratter. Below 3% soil lnrgsJiic matter. extreme v s r i a t i o n  i n  CDAA 

and CDEC t o x i c i t y  was encountered. 

Wiese, A .  F. and 3 ,  G.  Davis. 1964. Berbicide movement i n  s o i l  with 

va r ious  amounts of water.  Weeds 12: l O l - l O _ ? .  

Herbicides were applied i n  tubes of s o i l  t o  determine t h e  depth 

and amount of leachjng. Several. d i f f e r e n t  herbicides were studied 

under va r i ed  s o i l  condi t ions.  
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GEDERAL CONSIDERATIONS 

Bailey,  G.  W .  and J. I,. Wliitc. 1963. Herbicides:  A compilation of t h e i r  

phys ica l ,  chemical, and b i c l o g i c a l  p sope r t l e s  . Hesidue Rev. 10: 

3'7-122. 

This  pub l i ca t ion  c o n s i s t s  mainly of a s i n g l e  table l i s t i n g  ,211 

organlc  herb ic ides  a v a i l a b l e  a t  the t i n e  t h e  a r t i c k  w9s m i t t e n .  

Chemicals a r e  l i s t e d  a l p h e b e t i c a l l y  by chemlcal name, and the 

information i n  the  t a b l e  includes t h e  common des igna t ion ,  the 

s t r u c t u r a l  formula, molecular wcight and sur face  a rea  pe r  molecule 

i n  square Angstrom u n i t s ,  s p e c i f i c  g rav i ty ,  mcl t ing pointJ or 

b o i l i n g  poin t ,  vapor pressure ,  s o l u b i l i t y  i n  both water and organic  

so lven t ,  pK, a n a l y t i c a l  wave lengths  and sol.ven.fs, and acute  o r a l  

I n  a number of cases  t h e  t a b l e  i s  not  complete because t h e  

information w a s  unavai lab le  t o  t h e  a u t h o r s .  

Crafts, A. S. and H. Drever. l$O. Experiments with herb ic ides  i n  s o i l s .  

Weeds 8: 12-18, 

Many i n v e s t i g a t o r s  agree +hzt i n a c t i v n t i o n  of some herb ic ides  i s  

g r e a t e r  i n  heavier  so21 o r  s o i l s  high i n  organic  mat te r  than i n  

l i g h t e r  s o i l s  o r  soils low i n  organic  mritter. Contr ibutory f a c t o r s  

nay be g r e a t e r  microbiological  populat ion o r  condi t ions  favor ing  

t h e i r  p r o l i f e r a t i o n  and 8c t i v i t y ,  such as high temperature,  ade- 

quate moisture,  and amount of organic  matter i n  t h e  s o i l .  Other 

f a c t o r s  con t r ibu t ing  t o  t h e  i n a c t i v a t i o n  of he rb ic ides  might inc lude  

magnitude of f i x a t i o n  t o  soil c o l l o i d s ,  v o l a t i l i z a t i o n ,  hydro lys is ,  

and pH or l iming of' s o i l s .  I n  general ,  TCA, dalapon, aod IPC under 

favorable  condi t ions  are p e r s i s t e n t  i n  soils for short per iods  of' 

time, CIPC and LMIPC f o r  a longer  per iod,  and t h e  s u b s t i t u t e d  ureas  

f o r  much longer pe r iods .  

tence of s e v e r a l  herb ic ides  i n  three Ca l i fo rn ia  s o i l  types using 

Kanota o a t s  as the i n d i c a t o r  p l a n t .  

p a r a t i v e  i n i t i a l  t o x i c i t y ,  ( 2 )  comparative i n a c t i v a t i o n  between 

herb ic ides ,  and (3) eornparatjve i n a c t i v a t i o n  between s o i l  t ypes .  

The i n i t i a l  t o x i c i t y  of t he  herb ic ides  i n  order  af decreas ing  

t o x i c i t y  was as follows: fenuron and monuron, GIPC, dalapon and 

TCA, CMIPC, and TBA. The experimental  order of most r ap id  t o  s lowest  

These i n v e s t i g a t i o n s  s tud ied  t h e  p e r s i s -  

The thrEe phases were (1) ccm- 
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i n a c t i v a t i o n  was as follows: TCA, dalapon, CIPC, CMIPC, TM, 

fenuron, and monuron. 

of i n a c t i v a t i o n  and. type of' s o i l .  

s o i l s  many he rb ic ides  should. be used wi th  caut ion on croplands.  

The s u b s t i t u t e d  ureas ,  the  symmetrical t r i azenes ,  and. a l l  o ther  

herb ic ides  of similar pe r s i s t ence  i n  s o i l s  should be very  thoroughly 

t e s t e d  before being used on croplands.  

No close c o r r e l a t i o n  was found between r a t e  

Because of t h e i r  pe r s i s t ence  i n  

Merkle, M. G.,  C .  L. k inweber ,  and. H. W .  Bovey. 1963. The inf luence of 

l i g h t ,  oxygen and temperature on the  h e r b i c i d a l  p r o p e r t i e s  of 

paraquat.  Plant  Physiol.  4.0: 832-833. 

Light and O2 a r e  e s s e n t i a l  for a rap id  bleaching of the  pigment 

system of broad1ea.f bean by paraquat ( l , l-dimethyl-4,  J-k-dipyridyliurfl 

d i c h l o r i d e ) .  T h i s  bleaching does not appear t o  be d i r e c t l y  r e l a t e d  

t o  phys io log ica l  a c t i v i t y  but, t o  the  d e s t r u c t i o n  of a r j rotect ive 

system which normally prevents  photo-oxidatLon. Light, bu t  not 

i s  a l s o  e s s e n t i a l  f o r  t h e  changes i n  membrane permeabi l i ty  

brought about by paraquat i n  mesquite (Prosopis glanduosa), honey- 

suckle (Lonicera saponica) ,  and broadleaf  bean (Phaseolus v u l g a r i s  ) .  
Changes i n  permeabi l i ty  a r e  a l s o  temperature dependent. 

not e s s e n t i a l  f o r  pa raqua t ' s  e f f e c t  on r o o t  e longat ion i n  mesquite. 

O P  

Light i s  

Romancier, R.  M. 1963. 2,4-D, 2,4,3-T, and r e l a t e d  chemicals f o r  woody 

p l a n t  c o n t r o l  i n  the  southeastern United S t a t e s .  

Res. Counc. Rep. No. 16. 46p. 

This pub l i ca t ion  i s  a gene ra l  reference f o r  f o r e s t e r s  and landowners 

about t he  e f f e c t s  of 2,4-D, 2,4,5-T and some r e l a t e d  chemicals on 

woody p l a n t s  i n  the  southeastern United S t a t e s .  It contains  a 

d e s c r i p t i o n  of the gene ra l  na ture  and a c t i o n  of 2,4-D, and 2,4,5-T'; 

t he  chemical s t r u c t u r e  of these  he rb ic ides  and some r e l a t e d  com- 

pounds; t he  use of c a r r i e r s ,  a d d i t i v e s ,  and var ious concentrat ions;  

t he  methods of appl ica t ion ;  a d i scuss ion  of the  r e l d t i v e  e f f e c t i v e -  

ness of these  herbicides;  how t o  choose -the most s u i t a b l e  chemical; 

and poss ib le  harmful e f f e c t s  along w i t h  gene ra l  recommendations. 

'The paper a l s o  eva lua tes  var ious appl ica t ion ,  methods including high 

volume spraying, a e r i a l  spraying, m i s t  blowing, i n j ec t ion ,  f r i l l i n g ,  

and basal spraying.  The l i t e r a u t r e  c i t e d  s e c t i o n  contains  235 

references i n  a d d i t i o n  t o  a b ib l iography of 42 re ferences .  

Georgia Fores t  



TYPES 03' TOXIC ACTION BY SOME COMMONLY USED HEPBICIDES 

PHENOXY ACIDesuch  a s  2 , 4 - D ,  2 , h ,  5 4 "  2,4,5-TP (Silvex), and 2,h-DB a r e  

auxin he rb ic ides  which modify a number of prodesses  involving i n t e r a c t i o n s  

wi th  enz,yme systems. The normal growth p a t t e r n s  of c e l l  d iv i s ion ,  c e l l  

e longat ion,  and c e l l  d i f f e r e n t i a t i o n  are upse t .  

auxin he rb ic ides  may e x e r t  t h e i r  l e t h a l  a c t i o n  by r e s p i r a t o r y  deple t ion ,  

c e l l u l a r  p r o l i f e r a t i o n ,  t h e  formation of t o x i c  m a t e r i a l s  and a c t i v a t i o n  of 

phosphate metabolism. 

on the  l e v e l  of endogenous n a t u r a l  auxin and a poss ib l e  modif icat ion of 

nuc le i c  a c i d  metabolism. 

According t o  Zeopold (19551, 

Audus (1964) added t o  t h e s e  t h e i r  poss ib l e  e f f e c t s  

Fang (199.1.) repor ted  t h a t  2,4-D t rea tments  g r e a t l y  reduced t h e  upward move- 

ment of r ad ioac t ive  phosphorus t o  t h e  leaves  of bean p l a n t s .  Th i s  i s  sup- 

por ted  by Rebstock e t  a l .  (1954) i n  h i s  work wi th  2,4-D t r e a t e d  bean p l a n t s .  

However, Rebstock found t h a t  t o t a l  phosphorus conten t  of t h e  stem i n  2,4-D 

t r e a t e d  p l a n t s  was much h igher  than i n  non- t rea ted  p l a n t s .  Rebstock e t  a l .  

(1954) a l s o  repor ted  t h a t  t he  stem o f  2 ,4 -D t r e a t e d  bean p l a n t s  contained 

almost double t h e  amount of nuc le i c  a c i d s  as d id  non- t rea ted  p l a n t s .  Th i s  

s t r i k i n g  change i n  nuc le i c  a c i d  conten t  could account f o r  unusual growth 

and development of t h e  2,4-D t r e a t e d  p l a n t .  

- -  

-- 

TRIAZINES-such as simazine and a t r a z i n e  k i l l  by i n t e r f e r i n g  with t h e  

photochemical a c t i v i t y  of c h l o r o p l a s t s  ( H i l l  r e a c t i o n )  according t o  More- 

land (1959). A m r t h e r  a c t i o n  by t r i a z i n e s  may be one of  m i t o t i c  d i s t u r -  

bance s (Rudenberg 1955) . 
BIPYRODYLIUM QUATERNARY SAL;rS-(Diquat dibrornide and Paraquat dimethyl- 

su lpha te )  cause death r a p i d l y  i n  p l a n t s  conta in ing  ch lorophyl l  i n  t he  l i g h t .  

Death i s  much slower iiL t h e  dark o r  i n  the  absence of ch lorophyl l .  To be 

e f f e c t i v e  these  he rb ic ides  must be reduced t o  t h e i r  f r e e  r a d i c l e s  (Homer 

1960) - reduct ion  being by processes  connected wi th  photosynthes is  and 

r e s p i r a t i o n .  Perhaps t o x i c i t y  i s  due t o  t h e  f o r m t i o n  of peroxide r a d i c l e s  

which degrade p r o t e i n s  or ot<her macro-rnoleixles i n  t h e  protoplasm (Audus 

1964). 

absence of oxygen i s  non-toxic.  

This  i s  supported by Mess (1960) who showed t h a t  d iqua t  i n  t h e  
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CHEMICAL STRUCTURF: OF SOMF: HaUICIDES 

PIBNOXY ACIDS : 

2,4-D (2 ,4  dichlorophenoxyacetic a c i d )  

2,4,5-T (2,4, ~-tri .chlorophenoxyacel, ic ac id )  OCH2COOH 
1 

C D; 
c1 

CH 
1 3  

2,4,5-TP (2,4,5-trichloropherLoxy) propionic a c i d  
(S i lvex )  

OCH COOH 

c1 

2,4-DE y - (2,4-dichlorophenoxy) b u t y r i c  a c i d  YCH2CH2CH2COOB 

TRIAZINES : 

Simazine - 
/ 

N 
\\ 

Atrazine - 

CH3 

NIIC II, 
!:!)nJ 

\ 



BIPYRODYLIUM QUATERPJARY SALTS : 

LT>-,a Diquat dibromi.de - 

1 
- CH2 

I 

Paraquat dimethyl-sulpha t e  

A ccmplete c l a s s i f i c a t i o n  of he rb ic ides  including names, s p e c i f i c  groups, 

and structural formulas is given by Audus (1964) and Crafts (1962). 



32 

LITEKATURE CITED BUT NOT LISThm AS ABSTMCTS 

Aiidus, L. J. 1964. The physiology and biochemistry of he rb ic ides .  Aca- 

demic Press ,  London and New York. 555 p .  

Craf t s ,  A.  S. and W. W. Robbins. 1962. Weed con t ro l .  McGraw-Hill Book 

Co. I n c . ,  New York. 660 p.  

DeRach, P. 1964. Bio log ica l  c o n t r o l  of i n s e c t  p e s t s  and weeds. Reinhold 

Publ ishing Corp., New York. 844 p. 

Fang, S. C.  and J. S. Bu t t s .  1954. Studies  i n  p l an t  metabolism. IV. Com- 

pa ra t ive  e f f e c t s  of 2,4-dichlorophenoxyacetic ac id  and o t h e r  p l a n t  

growth r egu la to r s  on phosphorus metabolism i n  bean p l a n t s .  P l an t  

Pnysiol .  29: 363-368. 

Homer, R.  F. ,  G. C. Mess, and T. E. Tomlinson. 1960. Mode of a c t i o n  of 

b i p y r i d y l  qua ternary  s a l t s  as he rb ic ides .  J. S c i .  Food Agric. 

6t309-315. 
Leopold, A. C.  1935. Auxim and p l an t  growth. Univ. o f  C a l i f .  Press ,  

Be rke l ey .  

Mess, G .  C.  1960. Herbic ida l  a c t i o n  of I, l-ethylene-2,2-dipyridinium 

dibromide. Ann. Appl. B i o l .  48:601-612. 
Moreland, D. E., W .  A. Gentrier, J. L. Hil ton,  and K. L. H i l l .  1959. 

Mechanism of h e r b i c i d a l  a c t i o n  of 2-chloro-4,6-bis( ethylamino) -S- 

t r i a z i n e .  P l an t  Physiol .  34:432-435. 

Rebstock, T. L., C. L. Hamner, and H. M. Sell. 1951~. The inf luence  of 

2,4-dichlorophenoxyacetic a c i d  on t h e  phosphorus metabolism of 

c ranber ry  bean p l a n t s  (Phaseolus vulgaris). Plan t  Physiol .  29: 

4 9  - J+9 1. 

Rudenberg, L., G .  E. Foley, W. D. Winter. 1955. Chemical and b i o l o g i c a l  

s t u d i e s  on 1,2-dihydro-s-triazimes. X I .  Inhabi t ion  of roo t  growth 

and i t s  r e v e r s a l  by C .  trovecum f a c t o r .  Science ~ 1 : 8 9 9 .  
Rudd, R. L 1964. P e s t i c i d e s  and t h e  l i v i n g  landscape. Univ. Wisconsin 

Press ,  Madison, Wisconsin. 

Smith, F. G .  1948. E f f e c t  of 2,4-dichlorop~ienoxyacetic a c i d  on t h e  

r e s p i r a t o r y  metabolism of bean stern t i s s u e .  P l a n t  Physiol .  23: 70-80. 
Fish  and Wi ld l i f e  Service. 1965. The e f f e c t s  of p e s t i c i d e s  on f i s h  and 

w i l d l i f e .  U.S. Fish  and Wildlife S e n .  Circ .  226. 77 p. 



33 

ORNL-TM-2042 

INTERNAL DISTRIBIJTIGN 

1- 100. 
101. 
102. 
s0:j. 
104. 
105. 

106 - 108. 
log. 
110. 
111. 
1l.2. 
113. 
114. 
115 
116. 
117. 
118. 
119. 
120. 
121. 
122. 

S. I. Auerbach 
B. G .  Blaylock 
D. A .  Crossley, Jr. 
J. W. C u r l i i i  
R. C.  Dahlman 
P. B. Dunaway 
N. T.  Edwards 
A. J. P. Gore 
A. H. Haber 
George Hoffman 
S. V. Kaye 
J. M. Kelly 
J. T. Ki tch ings  
N .  E.  Kowal 
C.  E. Larson 
J. L. Liverman 
E. G .  MacPherson 
X. Z. Morgan 
D. J. Nelson 
3 .  S. Olson 
P. A.  Opstrup 

123 - 
124. 
125. 
126. 
l27. 
128. 
129. 
130. 
131. 
132. 
133. 

134- 135. 
136. 
137 * 

138- 142. 
143. 

144- 158. 
1-59 - 

B. C. Patten 
1;. N.  P e t e r s  
J .  €3. Reed 
D. E. Reichle  
A. F. S t inn  
J. D. S to ry  
E. G .  Struxness 
W .  A. Thomas 
A. €4. Weinberg 
J. P. Witherspoon 
M. W i t  kamp 
Cen t ra l  Research Library  
Document Reference Sec t ion  
Laboratory Records, RC 
Laboratory Records Department 
ORNL Paten t  Off i c e  
Divis ion of Technical  I n f .  Ext 
Laboratory and University Div. 
OR0 

EXTERNAL DISTRIBLTION 

160. John N. Wolfe, Environmental Sciences Branch, Divis ion of Biology 
and Medicine, USAEC, Washington 

161. R. F. Reitemeier,  Envi ronrnental Sciences Branch, Division of 
Biology and Medicine, USAEC, Washington 

W i l l i a m  Osburn, Environmental Sciences Branch, Divis ion of 
Biology and Medicine, USAEC, Washington 

162. 

163. Arnold Joseph, Environmental Sciences Branch, Div is ion  of Biology 
and Medicine, USAEC, Washington 

J. 3. Davis, Environmental Sciences Branch, Div is ion  of Biology 
and Medicine, USAEiC, Washington 

164. 

165. 

166. Frank Egler, Aton Forest, Norfolk, Connecticut 

C. S. Shoup, Biology Branch, Oak Ridge Operations,  USAEC, Oak Ridge 

167. W i l l i a m  Niering, Environmental Biology, Nat iona l  Science Foundation, 
Washington 

168. E.  E. C. Clebsch, Department o f  Botany, Un ive r s i ty  of Tennessee, 
Knoxville 



1.69. H. R. DeSelm, Department of Botany, Univers i ty  of Tennessee, Knox- 
v i l l e ,  Tennessee 

1-70. Gordon Hunt, Department of Botany, Univers i ty  of Tennessee, 
Knoxville,  Tennessee 

171. R .  W .  Holton, Department of Botany, Univers i ty  of Tennessee, 
Knoxville, Tennessee 

1'72. J .  T. Tanner, Department of Zoology and Entomology, Univers i ty  of 
Tennessee, Knoxville, Tennessee 

1-73. Frank B e l l ,  Department of Agronomy, Un ive r s i ty  o f  Tennessee, 
Knoxville,  Tennessee 

174. Lloyd Seatz ,  Department of Agronomy, Univers i ty  of Tennessee, 
Knoxvi I le  , Tennes see  

175. Henry Fribourg, Department of Agronomy, Un ive r s i ty  of Tennessee, 
Khoxvi lle , Tennessee 

176. Malcomb Corden, P l an t  Pathology, Oregon S t a t e  Univers i ty ,  
Corva lli.s, Oregon 

Saul  Rich, Connecticut A g r i c u l t u r a l  Experiment S t a t i o n ,  Box 1106, 
New Haven, Connecticut 

1.77. 

1'[8. C .  R .  Malone, Botany Department, l'iutgers Univers i ty ,  New Brunswick, 
New J e r s e y  

179-203. G. M. Van Dyne, College of Fores t ry  and Natura l  Resources, Colorado 
S t a t e  Univers i ty ,  Fo r t  Co l l in s ,  Colorado 

204. Henry Andrews, Department of Agronomy, Un ive r s i ty  of Tennessee, 
Knoxville, Tennessee 


