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FOREWORD

This document Is designed fo r the use of a l l  echelons concerned v ith  
the research , development, employment, lo g is t ic s ,  and/or planning o f opera­
tio n s  involving ehe use of the a v a ilab le  chemical v eg e ta tio n -co n tro l systems. 
While the  da ta  a re  re la te d  d ir e c t ly  to  Vietnam, most, i f  not a l l ,  a re  
broadly ap p licab le  to  ocher possib le  th e a te rs  o f war and w il l  serve to 
adv ise  p o te n tia l  u se rs  of cu rren t c a p a b il i t ie s .

The b asic  m a te r ia l in  the  document has been obtained from pub lications 
prepared by and fo r  o rgan izations in  the Department of Defense. Published - 
m a te ria l was. complemented by unpublished records of t e s t s ,  observations of 
research  and operations personnel, and inform al correspondence, memoranda 
fo r reco rd , and n o te s .

I t  i s  no t a n tic ip a te d  th a t th is  document w i l l  be rev ised  on a continuing 
b a s is ; however, i t  Is  expected th a t as new data  and m a te rie l o f sp ec ia l 
s ig n if ic a n c e  are  developed and recommended fo r se rv ice  use, addenda and/or 
supplements w i l l  be prepared and d is tr ib u te d . C onstructive consnents and 
recommend .it ions fo r improving th is  document a re  in v ited  and encouraged.

ABSTRACT

Inform ation La provided on chemical v eg e ta tio n -co n tro l systems employed 
in  Vietnam fo r d e fo lia tio n , d e s tru c tio n  of screening vegeta tion , and d en ia l 
o f a g r ic u l tu ra l  products (mainly food) to  the enemy. P ertinen t tech n ica l 
da ta  on research , development, and te s t s  of agents and dissem ination systems 
c u rre n tly  in  use are  em phasized.' The large volume of documentary m ateria l 
has been screened and summary inform ation se lec ted  o r prepared with a  view 
Coward the po ssib le  u t i l i z a t io n  o f the daca by personnel involved in  support 
and employment of the weapon systems.
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I .  • INTRODUCTION*

1
I
J.

A. HISTORY

The v eg e ta tio n -co n tro l systems chat have been employed an in te n s iv e ly  
and su ccessfu lly  In Vietnam since  ea rly  1962 came in to  being as  a r e s u l t  
o f e a r ly  and continued RDT&E accomplished in  the P lan t Sciences L abo ra to ries , 
F o rt D etrick , F rederick , Maryland (form erly Crops D iv ision , Camp D e tr ic k ) .

U Agent Research

E arly  In  1943, tha Chemical Warfare Service (CHS) a c tiv a te d  Camp 
D etrick . Crops D ivision was e s tab lish ed  w ith ehe m ission to  conduct 
research  and development .on chemical and b io lo g ic a l a n t ip la n t  agen ts.
The e a r ly  work was s e n s it iv e  and highly c la s s i f ie d ,  and p u b lica tio n  of 
research  data  was w ithheld u n t i l  the end of-World War H .  In  June 1946, 
an en e ire  issue  o f the B otanical G azette was devoted to  IS s e le c t  papers 
covering work accomplished during 1944 to 1945 on chemical grouch re g u la to rs .1 
The work by personnel o f Crops D ivision was in i t ia te d  on the b asis  o f e a r l i e r  
experiments by various s c ie n t is ts  who had in v estig a ted  the b io lo g ic a l 
a c t iv i t ie s  of c e rta in  gro'rth-rngu Lacing substances and of the suggestion  
by Dr. E .J . Kraus, U niversity  of Chicago, th a t  they might be u se fu l as 
h erb ic id es . The pioneering te s ts  chat followed firm ly  e s tab lish ed  the 
fa c t th a t a number of sy n th e tic  grow th-regulating substances are  poten t 
herb ic ides having g rea t m ilita ry  and a g r ic u ltu ra l  s ig n if ican ce . O ther 
la b o ra to rie s  and groups p a rtic ip a te d  In the Army e f f o r t  on a c o n tra c t 
b a s is ; the United S ta tes  Department o f  A gricu ltu re  and the U n iversity  o f 
Chicago conducted te s t3  and evaluations of candidate compounds; the  
U niversity  of Ohio synthesized a la rge number of the chemicals used in  the 
te s t s .  Dy mid-1945 alm ost 1, LOO te s t  substances had been synthesized  and 
subjected  to  screening s tu d ie s . From th is  a rray , 2 ,4-dich lorophenoxyacetlc 
acid (2,4-D) and 2 ,4 ,5 -trlch lorophenoxyacetic  ac id  ( 2 ,4 ,5-T) were shown to  
possess outstanding h e rb ic id a l p ro p e rtie s .1 In subsequent years a la rg e  
body of fundamental and app lied  research  daca was developed on growth 
.regulators in  genera l as v e i l  as on 2,4-D and 2 ,4 ,5-T s p e c if ic a l ly .9

Release o f inform ation on th is  now c la ss  of herb ic ides  to  the 
public a f te r  World War I I  p re c ip ita te d  a g rea t f lu r ry  o f research  in  a l l  
p a rts  of the world and caused complete rev o lu tio n lz a tlo n  o f weed c o n tro l 
p rac tice s . During i960 (p r io r  t s  m ilita ry  demands in  Southeast A sia ), i t  
was estim ated th a t the United Spates produced upward o f 50 m illio n  pounds 
o f these chemicals (2 ,4-0  and 2 ,4 ,5-T) fo r a g r ic u l tu r a l  u ses . Since 1961, 
m ilita ry  requirements have caused fu r th e r  expansion of United S ta te s  pro­
duction c a p a b ili ty .

j
i

J .
i
)

;

- * This rep o rt should not be used as a l i te r a tu r e  c i ta t io n  in  m a te ria l to  be 
published in  the open l i te r a tu r e .  ,
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2. D issem ination S tudies

The e a r l ie s t  m ilita ry , a e r i a l  spray t r i a l s  were accomplished in  
1944 and 1945 using the  Chemical Corps M-10 smoke tank, hung e x te rn a lly ' on 
a B-25 a i r c r a f t  and two d if fe re n t  boob bay spray devices* Three d i f f e re n t  
2,.4-0 m ixtures were used in  th e  t e s t s .3 »4 By 1951 i t  had been* determ ined 
chat th e  v eg e ta tio n -co n tro l agents of ehoice would be: n^buty l 2 ,4 -0 , 
n-buttyl 2 ,4 ,5-T, and m ixtures of the  two. While major emphasis was on the 
d e liv e ry  o f these  chem icals to  crop ta rg e ts ,  th e i r  use fo r  d e fo lia tio n  and 
ta rg e t  marking a lso  was considered. Because o f  the  c o n f l ic t  in  Korea and 
the  p o ssib le  need fo r v eg e ta tio n -co n tro l systems th e re , RDT&Z on d e liv e ry  
techno log ies was In te n s if ie d  w ith a c t iv e  p a r tic ip a tio n  by the  A ir Force 
and Navy. T esting  programs th a t  followed were addressed to  the  development 
o f  c a p a b i l i t ie s  fo r a tta ck in g  ex tensive ta rg e ts  e f fe c t iv e ly  and e f f ic ie n t ly .  
The o b je c tiv e s  were fo r  d issem ination o f und ilu ted  chemical agents as 
e lev a ted  lin e  sources, normal to  wind d ire c tio n , w ith th e  mass median 
diam eter o f the  spray below 175 ^ and d eposits  on ta rg e t of 0 .1  lb . /a c re  o r 
g re a te r .  The low ra te s  a re  e f fe c tiv e  on s e n s it iv e ,  annual planes and the 
f in e  d ro p le ts  provide fo r e f f ic ie n t  u t i l iz a t io n  of the payload (broad swath 
w idth and la rg e  numbers o f d ro p le ts  per u n it  a re a ) .

E arly  in 1951. d issem ination  s tu d ie s  were in i t ia te d  w ith ex p eri­
m ental sp ray  dev ices; both USAF and USN equipment was used. Subsequently, 
th re e  a d d itio n a l s e r ie s  of s tu d ie s  were accomplished, w ith t r i - s e r v ic e  
p a r t ic ip a t io n .9" 7 The la s t  phase o f te s t in g  in  1952 included s tu d ie s  on 
the pro to type spray device th a t ,  when engineering va3 completed, became th e  
time-honored Hourglass o r iB - l .  The l a t t e r  study was a jo in t ly  sponsored 

- USAF'USA te s t  and was the  culm ination of e f fo r t  on prop-driven a i r c r a f t . 7 
During 1953. the USAF accomplished prove-out and acceptance te s t in g  o f the 
la rg e -cap ac ity  spray system? and developed an o p e ra tio n a l c a p a b ili ty  fo r  i t s  
employment, although i t  was never used.

3. D efo lia tio n  -  Camp Drum, 1959

At the  c lo se  o f the  Korean c o n f l ic t  (1955) the  s to c k p ile  of vegetation  
' c o n tro l agents was disposed o f . Crops D ivision obtained 200 drums of the 

m a te r ia l and placed I t  in  open storage a t  Fort D eerlck. A fte r  4 years in 
s to rag e  the e n t i r e  stock  was given to  th e  U.S.D.A., B e l ts v i l le ,  Maryland* 
Approximately 2 months la eer the Commanding G eneral, 1st U.S. Army, requested 
th a t  F o rt D etrlck  a s s i s t  them in  th e i r  e ffo res  eo c le a r  v egeta tion  from an 
a r t i l l e r y  Impact a rea  a t  Fort Drum, New York. T h irteen  drums of the chemicals 
were re tr ie v e d  from the U.S.D.A., a  h e lico p te r  spray device developed by Cropa 
D iv ision  was broughe out of s to rage  and mounted In an H-21 h e lic o p te r , and the 
v eg e ta tio n  on 4 square m iles of Impact a rea  was sprayed w ith  the system.* The 
Camp Drum p ro jec t in  1959 rep resen ts  the f i r s t  la rg e -sc a le , m ili ta ry  d e fo lia ­
tio n  e f f o r t .

*  J.W. Brawn, V egetation ControL, Camp Drum, 1959 Oh
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4 . C-123/MC-1 (Hourglass)

During I960 Co 1961, Che 75 MC-1 (Hourglass) spray u n its  In s to rag e  
a t  Ogden AFB, Ogden, Utah, were declared su rp lu s  by the USAF. Concurrent . 
w ith  th i s  a c tio n . T a c tic a l A ir Command personnel from th e  S p ecia l A e r ia l  
Spray F lig h t ,  Langley AFB, V irg in ia , v is i te d  Crops D ivision to  o b ta in  
Inform ation on la rg e -cap ac ity  chemical spray devices fo r p o ssib le  use with, 
in s e c t ic id e s  in  a  newly acquired  C-123 a i r c r a f t .  They were advised  o f  the  
c h a r a c te r i s t ic s ,  lo c a tio n , and a v a i la b i l i ty  o f the  Hourglass un its*  Sub­
seq u en tly , they  obtained two o f (he u n its  and prepared a d esign , and a 
C-123/Hourglass (MC-1) spray system fo r the  dissem ination of in s e c tic id e s  
was fab ric a ted  in  the shops o f  Olmsted AFB, • Pennsylvania.'

B. VIETNAM

l. F e a s ib i l i ty  S tudies

In  May 1961, Crops D iv ision , Vort D ecrick, received a req u est f re a  
the Advanced Research P ro jec ts  Agency (ARPA), O ffice of th e  S ecre ta ry  of 
Defense (OSD) fo r  inform ation on the te c h n ic a l f e a s ib i l i ty  of d e fo lia tin g  
jung le  veg e ta tio n  in  Vietnam. Research on d e fo lia tio n  had not been funded 
fo r sev e ra l years and no te s t in g  had. ever been accomplished on v egeta tion  
comparable to  th a t in  Vietnam. However, the tech n ica l Judgment vas made 
th a t  i f  adequate resources vera provided, m i l i t a r i ly  s ig n if ic a n t  v eg e ta tio n  
c o n tro l could be dem onstrated. On 6 June 1961, ARPA d irec ted  F o rt Detrick, 
to  conduct d e fo lia tio n  s tu d ie s  in  Vietnam as  a  pare of P ro jec t AGILE.
W ithin a 15-day period , experim ental h erb ic ides and spray dev ices, ocher 
v i t a l  equipment and su p p lie s , and movement orders to  Vietnam vare  ob ta ined . 
The tr-bu ty l 2,4-D and 2 ,4 ,5-T chem icals could no t be obtained on the open ; 
market and less  a c tiv e  cosm erelal s u b s ti tu te s  vere procured; a  su rp lu s 
in s e c t ic id e  spray u n it  fo r  C-47 a i r c r a f t  and an in se c tic id e  spray device 
fo r  the  R-34 h e lic o p te r  (HH3AL) vere obta ined; TXT? orders fo r  evo Crops 
D iv ision  s c ie n t i s t s  v e re  approved. In  l i t t l e  more than 60 days a f te r  
re c e ip t of the OSD/ARPA o rd e rs , d e fo lia tio n  te s t s  vere i n i t i a t e d  in  
Vietnam (10 August 1961) d e sp ite  the development of almost insurm ountable 
b a r r ie r s  to  th e i r  accomplishment.9*10 The t e s t  program was responsive  to  
the  o b je c tiv e s  of two Tasks (Task 2, A nticrop; T ask .20, D efo lia tio n ) 
e s ta b lish e d  as  a  p a rt o f  the jo in t  US/VN program of M ilita ry  A ssis tance  
Advisory Group RAD D iv ision  and the Vietnamese Combat Development T es t 
C enter. During the  period 10 August through IS September, e ig h t d if f e re n t  
sp ray  te s t s  vere  conducted v l th  th e  various spray systems and chem icals 
a v a ila b le . One Task 2 t r i a l  served as an u n q u a lified ly -su c cessfu l 
dem onstration and vas not repeated ; r e s u l ts  from the  Task 20 te s t s  vere  
v a rie d . The t e s t  data  and v a ria tio n s  In e f fe c ts  vere c a re fu lly  evaluated  
by che cese personnel and two s a lie n t  fa c ts  vere  apparent: (1) the  l im ita ­
tio n s  Imposed by the inadequate spray devices served to p ro h ib it a p p lic a tio n  
o f  desired  amounts o f the d ilu te  chemicals and (4.1) vegeta tion  responses in  
Che t e s t  areas (reg a rd less  of doses d e livered ) demonstrated th a t ,  w ith  
s u ita b le  spray systems and the more potent chemicals of choice (n -b u ty l 
2,4-D and 2 ,4 ,5 -T ), m i l i t a r i ly  s ig n if ic a n t- .d e fo lia tio n  could be accomplished 
In Vietnam. CO
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2. Improved Employment C a p a b ili tie s

Even though t ig h t  s e c u r ity  r e s t r ic t io n s  were imposed on the ea rly  
e f f o r t s ,  th e  a c t iv i t i e s  a t t r a c te d  considerab le  a tte n tio n  among frien d ly  
and enemy fo rce s . W ithout f u l l  inform ation on the nature of the te s t s  
and equipment lim ita tio n s , an undue amount of controversy and c r it ic ism  
developed w ith in  o f f i c i a l  US c i r c le s .  A ttitu d e s  of u n certa in ty , doubt,
and perhaps even h o s t i l i t y  toward the  concepts per -se placed the program--------
in  jeopardy . At the heigh t of the  controversy , General Maxwell Taylor 
and Mr. Walt W. Rostov, adv iso rs  to  P residen t Kennedy, v is i te d  South 
Vietnam. The Crops D iv ision  T est O ffice r accompanied them on a 2-day 
a e r i a l  t r i p  throughout RVN, during which tim e the  d e fo lia tio n  program was 
d iscussed  and th e  t e s t  s i t e s  were observed* The P re s id en tia l Advisors . 
were im pressed w ith  what they saw and urged th a t the e f fo r t  be continued*
The v i s i t o r s  were provided w ith  a w ritte n  review and analy sis  of the t e s t  
program to  th a t  da te  (October 1961) th a t  a lso  included a recommendation 
th a t  the  S p e c ia l A ir Spray F lig h t , Langley AFB, V irg in ia , be considered 
to  a s s is e  i f  the d ec isio n  were made to  scale-up  the spray operations in 
Vietnam.11 Subsequently, s ix  C-123 a i r c r a f t  were made av a ilab le  to  th e  
T a c tie e l A ir Cosmand w ith  a h ig h -p r io r i ty  d ire c tiv e  to  i n s ta l l  spray 
equipment capable of d issem inating  v eg e ta tio n -co n tro l agents* 'USAF and 
F o rt D etrick  personnel determined th a t the C-123/Hourglass con figu ra tion , 
developed by the spray u n it  a t  Langley AFB, should serve as a model fo r 
the new system s. F ab rica tio n  was accomplished exped itiously  and on 
6 December 1961 the s ix  u n its  and T a c tic a l A ir Command support personnel 
a rr iv e d  a t  C lark AFB, P h ilip p in es . On 7 January 1962, th ree  of the  systems 
were moved to  Tan Son Nhut, RVN, w ith the ta sk  of conducting fu r th e r  s tu d ies  
on ehe d e fo lia tio n  concept. This USAF e f f o r t  was named RANCH HAND. The 
s k i l l  and ded ica tio n  of th is  f i r s t  RAUCH HAND crew con tribu ted  immeasurably 
to  the successes th a t followed and the development and u ltim ate  acceptance 
by the Department o f Defense of a new, non-conventional weapon system.

C. OPERATIONAL TESTING -  1962.

1* C-123/MC-1/PURPLE Spray System

Three C-123 spray sh ips a rriv ed  in  Vietnam on 7 January; the f i r s t  
shipment o f  PURPLE and BLUE was received on 9 January. The co lo r codes 
were ap p lied  to  the t e s t  chemicals prim arily , because secu rity  did not 
perm it d e sc r ip tiv e  la b e ls  on the shipments. The colored bands painted 
around the drums a lso  served as an aid  to  id e n tif ic a tio n  by support 
personnel. PUP.PLE code m a te ria l was. a m ixtura of ¿ -b u ty l 2,4-D, n -bu ty l 
2 ,4 , S-T and Isobu ty l 2 ,4 ,5-T. The lso b u ty l portion  (20Z) was included 
as  a  measure to  depress the freez ing  po in t of 2 ,4 ,5-T, which freezes a t  
room tem perature. (This m ixture even tually  was replaced, by ORANGE.)
BLUE co n s is te d  o f a w ate r-so lu b le  powder th a t contained, as the a c tiv e  
in g re d ie n t, 65Z cacodylie  ac id  ( la t e r  replaced by a liquid  form ulation).
Cn 10 January , th e  new C-123 spray system was te s te d  as a functional check 
using PURPLE. The equipment previously  had been te s te d  with w ater but noc 
w ith  more v iscous m a te ria ls  such as PURPLE. The ob jective  of th is  t e s t
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and. la te r  m issions was Co d issem inata  a t  a  r a te  su ita b le  to  o b ta in  a ground 
dep o sit of 1 g a l/a c re . I t  was estim ated  th a t the f i r s t  t e s t  achieved a - 
ground deposit o f 0.8 g a l /a c re ;  in the  second t e s t  on 13 January, 1.05 
g a l/a c re  deposit was ach ieved .10 Concurrent w ith  s tu d ie s  on the  C-123 
system, a d d itio n a l te s t in g .w ith  the  Vietnamese A ir Force H.-34/KXDAZ, system 
and ground equipment using  BLUE vas accomplished._

Evaluation of th e  upland fo re s t  a rea s  tre a te d  u l th  FURPIE shoved 
th a t  th e  vegeta tion  d id  not respond as  an tic ip a ted *  By the  end o f January 
I t  yaa determined th a t th e  dry Reason had Induced a dormant cond ition  v lch  
re sp ec t to  p lan t growth, and the b io lo g ic a l response to  the growth 
re g u la to r  chem ical was being delayed* The USAF spray te s t in g  was con­
tinued through March 1962, a t  which time th e  e f f o r t  was term inated  to  
aw ait a  f u l l  eva lu a tio n  o f the r e s u l t s  from the t e s t s .

2* OSD/ARPA E valuation

The eva lu a tio n  was, in  la rg e  p a r t ,  s tim u la ted  by the appearance . 
o f se v e ra l c o n tro v e rs ia l news a r t i c l e s  about the  d e fo lia tio n  program.
Because the t e s t  program was s e n s it iv e  and c l a s t i f i e d ,  th e  news c o rre ­
spondents were only p a r t i a l ly  "Informed" and the news accounts were some­
th ing  le s s  than wholly fa c tu a l .  At th e  d ire c tio n  of OSD/ARPA, a se lec ted  
team was assigned to  ev alua te  thoroughly the v e g e ta tio n -c o n tro l program 
in  Vietnam. The team of f iv e  w ith  re p re se n ta tiv e s  from U.S.D.A., ARPA, 
and the Chemical Corps was headed by d ie  Commanding G eneral, USA Chemical 
Corps RAD Command. The team recognized two phases: Research Phase',
15 Ju ly  1961 to  12 January 1962; and O perational Phase, 13 January 1962 Co 
15 March 1962.13*13 A fte r  an in ten s iv e  evalua tion  of 21 tre a te d  ta rg e ts  
in  11 areas the team-concluded ( in  b r ie f )  th a t :  ( i )  the o p e ra tio n a l pro­
gram of v eg e ta tio n  c o n tro l should be continued , w ith m odifications recommended 
by .the  team; (11) chemical a p p lic a tio n s , when evaluated from th e  a i r ,  were 
70Z e ffe c tiv e  in  achieving s ta te d  o b je c tiv e s , and from the  ground were 60Z 
e f fe c t iv e ;  ( i l l )  l im ita tio n  .in  d is p e rs a l  equipment had a major Influence 
on reduced m ission e f f e c ts ,  and m od ifica tions  were req u ire d ; ( lv )  PURPLE 
gave ex c e lle n t c o n tro l of mangrove; (v) a d d i tio n a l in fo rmatio n  on d e fo lia ­
tio n  should be developed In lo c a l i t ie s  where the t e s t  personnel, w i l l  have 

'ready access to  t e s t  a re a s ;  and (v l)  the te c h n ic a l f e a s ib i l i t y  fo r  co n tro l 
o f a l l  crop p lan ts  w ith  a v a ila b le  chem icals is  w e ll e s ta b lish e d .

The team developed a s e r ie s  of recommendations chat included:
(1) m odification of the C-123 system to  d e liv e r  1 .5 'g a l o f PURPLE per 
ac re  and provide fo r a to t a l  a p p lic a tio n  of 3 g a l /a c re ;  ( i i ) ‘ the  spray 
sp ee tru s  should have a u s a  median diam eter of 300 u ; and ( i l l )  an expedited  
RDT&E program on d e fo lia tio n  should be in i t i a t e d  in  USA. and Thailand and 
should include, in v e s tig a tio n s  on a spray system capable of d e liv e rin g  3 
g a l/a c re  of PURPLE.13

i
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Subsequent ac tio n s  taken to  implement th e  recoaanendations of the 
ev a lu a tio n  team ushered In a period ch arac te rized  by in ten s iv e  RDT&E in 
Crops D iv ision , F ort Decrick, and in  A ir Force Armament T est Laboratory 
(AFATL), E glin  AF3, to  provide improvements of sp ray  system components in  
support of RANCH HAND. C oncurrently, o p e ra tio n a l employment-of the  spray 
c a p a b ili ty  by the RAKCH HAND u n its  was in te n s if ie d  s te a d i ly  w ith  tim e and 
a v a i la b i l i ty  o f resources._______
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I I .  VEGETATION-CONTROL CONCEPTS

A* DEFOLIATION * ‘
1

-------Ixr the m ili ta ry  sense, d e fo lia tio n  is  the d estruc tlon"and /o f removal *
o f ta rg e t  fo liag e  by the a p p lica tio n  o f chemical ag en ts. The o b je c tiv e  \
of d e fo lia tio n  i s  to  improve v e r t ic a l  and h o rizo n ta l v i s i b i l i t y  w ith in  £
th e  tre a te d  a re a . The high incidence o f  successfu l enemy ambushes in  •
Vietnam vas th e  s a l i e n t  fa c to r  chat influenced the in troduction  of j
v e g e ta tio n -c o n tro l systems in to  Che Southeast Asia c o n f l ic t .  The i n i t i a l  i
o b je c tiv e  o f Task 20 was to  d e fo lia te  th e  vegeta tion  along lin es  o f ?
coBBunlcation (highways and waterways) to  deny the enemy the s a f e ty ‘o f j
adequate cover and concealment (F ig . 1 ). '(

• » 
Three gen era l c la sse s  of d e fo lia n t agents a re  recognized according \

to  th e i r  modes o f a c tio n :

i

\

/

1) Growth re g u la to rs . Chemicals in  th is  c la ss  are  hormone-like 
substances chat have some c h a ra c te r is t ic s  s im ila r  to  those of n a tu ra l 
p la n t ht-rmanes, a re .r e a d i ly  absorbed by ehe tre a te d  fo liag e , and e n te r  
in to  th e  p lan t system to  be tran s lo ca te d  and a f fe e t ocher p arts  of the 
p la n t. Because they a re  a l ie n ,  they d is ru p t nhe normal physiologic 
processes o f the e n t ire  p lan t system (system ic e f f e c ts ) .  S e n s itiv e  
p eren n ia l species shed th e i r  leaves and, I f  the dose of chemical i s  
adequate, d ie .3 P lan ts tre a te d  w ith  sub le th a l  doses frequen tly  recover 
p a r t i a l ly  or com pletely; a lso , some p lan t species are  highly r e s is ta n t  
to  th is  c la ss  o t chemicals and, outw ardly, may appear u n a ffec ted .14 
Growth reg u la to rs  as a c la ss  a re  -sost e f fe c t iv e  on broad-leaved p lan ts
in  an a c tiv e  s ta t e  of growth. Because these agents function sy stem ica lly , 
sm all q u a n tit ie s  may be h igh ly  e f fe c t iv e ,  but while absorp tion  in to  the  
p lan t system is  ra p id , development of e f fe c ts  is  r e la t iv e ly  slow. Agents 
ORANGE, and WHITE a re  c la s s ic  examples of system ic growth re g u la to rs .

2) D esiccants. Chemical agents in  th is  c la ss  are  a lso  re fe rre d  
to  as c o n ta c t agents because they produce th e i r  e f fe c ts  lo c a lly  a t  the 
point o f  a p p lic a tio n . These chemicals eause rap id  desicca tio n  (drying) 
of the  tre a te d  fo lia g e . This ac tio n  leads to  le a f f a l l  w ith  some species 
w hile on o th e rs  the leaves s h r iv e l and d ie  but remain on the p la n t. The 
desiccane chem icals normally" do not k i l l  perenn ia l woody and herbaceous 
planes and, in the  tro p ic s ,  .re fo lia t io n  occurs in  30 to  90 days, depending 
on the  sp ec ie s . Agent BUIE is  a d esiccan t th a t i s  e f fe c tiv e  on grassy  
planes r e s is ta n t  to  the  growth regu la to rs, and on broadrleaved p lan ts  in
a  dormant s tag e  of growth, such as those in  upland fo re s ts  during the 
dry season in  Vietnam. Because these  chemicals are  not normally t r a n s ­
located  to  produce th e i r  to x ic  e f f e c ts ,  thorough coverage of the ta rg e t  
fo lia g e  i s  requ ired .
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3 ) 'D efoliane ( t r u e ) .  One o f  che outstanding goals o f research  on 
v eg e ta tio n -con Crol agents is  development of a m i l i t a r i ly  u se fu l, tru e  
d e fo lia tin g  agen t. An In ten s iv e  re search  e f f o r t  i s  devoted to  the physica l 
and biochem ical processes Involved-in the  normal le a f  senescence and 
ab sc iss io n  phenomena. The o b jec tiv e  is  to  d iscover the chemical basis 
fo r  th e  processes and to  develop means of inducing le a f  f a l l  a t  w i l l  as 
i t  norm ally occurs in  temperate zones w ith  the onset of f a l l  ar.d w in te r.
A compound cap a b le 'o f th i s  type of ac tio n  a lso  i s  being sought in  the 
screening program Is  progress a t  the  P lan t Sciences L abora to ries , P o rt 
D etrick*

B. CONTROL OF CROP FIANTS

The v eg e ta tio n -con t r o  I agents c u rre n tly  in  use in  Vietnam a re  capable 
c o l le c t iv e ly  o f  damaging o r destroy ing  the  p ro d u c tiv ity  of a l l  known 
a g r ic u l tu r a l  crop p la n ts  o f s ign ificance*

1. Agent ORANGE

Each o f  the  two components o f OR/JvGE (2 ,4 -0  and-2,4 ,5-T ) i s  
a f fe c t iv e  ag a in s t a wide a rra y  of broad-leaved plant species. C erta in  
of the p lan ts  a re  s e n s it iv e  to  both chem icals, w hile o thers a re  a ffec ted  
by only one; thus the 50:50 m ixture, GRANGE, provides the m ili ta ry  w ith 
a c a p a b ili ty  to  a t ta c k  an ex tensive a rra y  of broad-leaved crop p la n ts .3 
U nfortunately , ORANGE is  considered to  be g en era lly  in e ffe c tiv e  on g ra sse s . 
Im portant c e re a l crop p lan ts  such as r ic e ,  wheat, porn, sugarcane, sorghum, 
m ille t ,  and barley  a re  grasses and a second chemical Is  requ ired  for th e i r  
c o n tro l. In  the  search  fo r  a u n iv e rsa l an tic ro p  agent the h e r b ld d a l  
p ro p ertie s  o f cacodylie  ac id  (d io e th y la rs in ic  acid ) were d iscovered. 
S tud ies on th i s  new compound sh o v ed -it to  be h igh ly  e f fe c tiv e  ag a in st 
r ic e  in  p a r t ic u la r  ah d 'o th e r  g rasses in  g en era l as w e ll as a  number of 
broad-leaved c ro p s .18»1® ,

2* Agent BLUE

Cacodylie ac id  (agent SLUE) as  a dry, w ater-so lub le  powder was 
introduced in to  Vietnam a s  the agent o f choice fo r d e s tru c tio n  of V iet 

..Cong r ic e  crops. Mixing w ith  w ater was req u ired . L a te r, a consacre la  1, 
liq u id  form ulation o f sodium cacody la te , Phytar 560G, was Introduced us 
a  replacement fo r cacodylie  ac id  and is  the agent BLUE cu rre n tly  in  use. •

3.* ~Agene WHITE

Tordoa 101, a p ro p rie ta ry  form ulation of plcloram. (4-am ino-3,5 ,6 - 
crlch loT O picolin lc ac id ) and 2,4-D, was Introduced in to  Vietnam by 
Department of the Army, A ss is ta n t Chief o f S ta f f  fo r Force Development, 
fo r  use as  a s u b s t i tu te  fo r ORANGE on ta rg e ts  In the  proximity o f 
s e n s it iv e  crop p la n ts , p r in c ip a lly  rubber. A llegedly , the vapors from
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ORANGE had occasionally  caused crop lo sses  in  th e ‘v ic in i ty  o f  d e fo lia tio n  
s t r ik e s ,  and a less  v o la t i l e  chem ical vas requested  by US M ilita ry  A ssistance 
Command» Vietnam, fo r use on a number o f ta rg e ts*  Pic lo r am, 'th e  p ro p rie ta ry , 
a c tiv e  ingredlene in  Tordon 101 and a v a r ie ty  of newer form ulations, i s  a  
h ig h ly  p o ten t, systemic h e rb ic id e  fo r a wide v a r ie ty  of broad-leaved crop 
p la n ts . On the b asis  of claim s by the m anufacturer (Dow) and the r e s u l ts  
o f te s t in g  by F o rt Dot r ic k ,  i t  Is  ind ica ted  th a t p ic  lo raa  w i l l  co n tro l 
e s s e n t ia l ly  the same broad ar r ay o f  crop species as  ORANGE bu t on some 
w i l l  be e f fe c t iv e  a t  s ig n if ic a n tly  lower dosages. P ic lo raa  i s  even la ss  
e f fe c t iv e  on grasses,, in  g en e ra l, Chan ORANGE, w ith  bu t one n o tab le  
excep tion  — i t  i s  h igh ly  e f fe c t iv e  in  reducing wheat y ie ld s ,  tin like 
ORANGE, th is  compound i s  n o t re a d ily  In ac tiv a ted  by s o i l  organisms and, 
because o f i t s  p e rs is te n c e , some r e s t r a in ts  should be imposed on i t s  use 
fo r  c o n tro l of crop p la n ts .

4 .  P re d ic ta b il i ty

Crops ean be su ccessfu lly  co n tro lled  by chemicals w ith  a high degree- - 
of c e r ta in ty  because the requ ired  technology i s  w e ll developed and eargee 
crop v u ln e ra b il i t ie s  a rc  known. The number of im portant crop p lan ts  Is  
lim ited  and most have been sub jected  to  te s t s  by F o rt D ecrick, the  U .S.D.A.. 
various chemical companies, private» research  o rg an isa tio n s , and /or 
u n iv e r s i t ie s .  With but a few excep tions, crop p lan ts  are  an nuals, r e la t iv e ly  
sm all In sice,, norm ally In  an a c tiv e  s tag e  o f growth, and s e n s it iv e  to  
s e le c t  compounds. Dose requirem ents fo r  c o n tro l of broad-leaved crops are  
very  low. As l i t t l e  as. 0 .10 lb . /a c re  of ORANGE is  adequate to  co n tro l 
such crops .as soybeans, sweet p o ta toes, and garden beans, w hile manioc i s  
damaged by 1.0 lb . /a c re . Rice i s  destroyed  by 0 .5  to  1.0 lb . / a c r e  of BLUE. 
Manioc may a lso  be co n tro lled  e f fe c t iv e ly  by the  ap p lica tio n  of 0 .2  lb . of 
picloram  in  Tordon 101.* Plcloram a t  the r a t e  of 0 .04 to  0.07 lb . /a c re  
has caused up to  100T y ie ld  reduction  o f garden beans, po ta toes, soybeans, 
peanuts, and sweet po ta toes.

C. TARGET MARKING

The use of v e g e ta tio n -co n tro l agents fo r  marking ta rg e ts  has been con­
s id e re d  fo r  many years bu t re search  on t h i s 'r o l e  has been lim ited . To 
s a t i s f y  th is  concept fo r employment in  a t a c t i c a l  s i tu a t io n ,  a very  f a s t -  
a c tin g  compound is  requ ired  to  produce a h igh ly  v is ib le ,  co n tra s tin g  change 
in  the  tre a te d  vegeta tion . A target-m arking  c a p a b ili ty  would probably find 

. i t s  g re a te s t use in  p inpoin ting  ta rg e ts  fo r a e r i a l  s t r ik e s  by high-perform ance, 
c lo se-su p p o rt a i r c r a f t  and/or.bom bers.

* Dr. R.C. Bunker, P lant Physiology D iv ision , personal communication.
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D. SPECIAL APPLICATIONS 
•*

The g u e r r il la - ty p e  war in Vietnam has crea ted  a now ap p rec ia tio n  f o r  
advantage* of s te a l th  and su rp rise  and the  e f fe c tiv e  use by an aggressive  
enemy to  e x p lo it i t  to  harass num erically su p erio r forces* The US-and R.VN 
u n its  have prepared e lab o ra te  defenses around base in s ta l la t io n s  to  guard 
ag a in s t i n f i l t r a t io n  by the enemy and to  prevent su rp r ise  a t ta c k s .  
V ege ta tio n -co n tro l agents are  used ex tensively  to  m ain tain  v e g e ta tio n -f re e  
f i r e  teams, m inefie lds, f ie ld s  of observation on perim eters, and defensive  
b a r r ie r  a re a s . The c lea red  areas deny the enemy th e  cover and concealment 
v i t a l  fo r  su ccessfu lly  launching s u rp r is e  a t ta c k s  and withdrawing w ith  
accep tab le  lo sses . A ll  th ree  agents have' been used fo r maintenance o f 
the  defense a rea s , s in c e  co n tro l o f both broad-leaved and g rassy  types 
I s  req u ired . Reconmendaclons have been made fo r  the use of so il-a p p lie d  
ehem ical compounds fo r  nonse lec tive , long-trrm  c o n tro l, however u se  o f 
such chem icals has noe been approved.

CO

CO 
- • C3 
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A* . orange and ORANGE U  * t

ORANGE is  the code designation  fo r a 50:50 m ixture o f n -b u ty l e s te r s  
o f 2,4-dichloraphenoxyacetic ac id  (2,4-D) aw* 2 ,4 ,5 -trich lo rophenoxyaeetic  
ac id  (2 ,4 ,5*T). The agen t c o n s is ts  of a m ixture of* equal volumes of th e  
undilu ted  tech n ica l e s te rs  o f  2,4-D and 2 ,4 , 5-T. Approximate c o s t i s  
$6. 7 3/g a l ,  ' -

ORANGE n  is  a m ixture o f  equal p a rts  by volume o f th e  iv*butyl e s te r  - 
o f  2,4-D and Isoocty l e s te r  o f 2 ,4 ,5-T. -

Specifications fo r  ORANGE and ORANGE H  a re  a v a ila b le  in  MTL-:0-51239A 
(MU). S pecifications fo r th e  component n -b u ty l e s te r s  of 2,4-D and 2 ,4 ,5-T 
and of IsooctyL e s te r  of 2 ,4 ,5-T In ORANGE*IX are  as fo llow s:

Wl E-511A7, H erbicide; n -bu ty l 2 ,4-dichlorophenoxyacetate 
Wl H-5114S, H erbicide; n -b u ty l 2 ,4 ,5 -trich lo rop iienoxyaee ta ta  
^lH -60724, H erbicide; Iso o c ty l 2 ,4 ,5 -trich lorophenoxyacecata

• ^bysltal, Chemical, and B io log ica l P roperties  

a * Physical S ta te

ORANGE and ORANGE I I  a re  liquids, a t  room tem perature and above, 
tng from clear reddish brown to  straw  c o lo r. Both agents become more 
nus lower temperatures and may s o lid ify  a t  40 to  45 P* n-B uty l 
,r 2 ,4 ,5-T freezes below '70 to  75 F, bu t both ¿ -b u ty l e s te r  of
•D and Isooctyl eater of 2 ,4 ,5-T have considerab ly  lower freez ing  p o in ts .

b .  S o l u b i l i t y

• ORANGE and ORANGE X I'a re  re a d ily  so lu b le  in  d ie s e l  fu e l and 
aer organic solvents, but a re  re la t iv e ly  Inso lub le  in 'w a te r .

c . V o la tili ty

ORANGE and I t s  component n -b u ty l e s te rs  of 2,4-D and 2 ,4 ,5*T . 
are characterized by plant physio log ists as v o la t i l e  h e rb ic id es  because 
:he vapors are  re la tiv e ly  phytoecxlc. However, the  physical chem ist would 
regard the bueyi e s te rs  o f 2,4-D and 2 ,4 ,5-T a s  e s s e n t ia l ly  n o n v o la tile , 
vitth a  vapor pressure of less  than I  on o f mercury a t  35 C. In f a c t ,  th e  
¿ -b u ty l « t o r  of 2,4-D is  approxim ately equ ivalen t to  No. 2 d ie s e l  fu e l  
i s  v o la t i l i ty ,  requiring a temperature of 147 C fo r vapor p ressu re  to  equal 
1 on o f mercury. . . . . . .

t l ,  con sis tin g  in  p art of tha lo w -v o la tile -iso o ccy l «seer 
°* 2 ,4 ,5-T,-«ay be considered less v o la t i le  than ORANGE.

OTl 9T3
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Data are  not a v a ila b le  on th e  d istances th a t  ORANGE o r I t s  
component e s te rs  may tra v e l In vapor s ta te  from d efo lia ted  or sprayed 
a re a s , but l a te r a l  movements of h e rb ic id es , due to  th e i r  v o la t i l e  n a tu re  
aloce> a re  believed to  be neg lig ib le*  Host instances of a lleg ed  crop 
damage ad jacent to  areas sprayed w ith  ORANGE may be a t tr ib u te d  to  d r i f t  
o r  m isapp lica tion  a t  the  time of spraying ra th e r  than to  v o l a t i l i t y .

d. Corrosive Action

ORANGE and ORANGE XT are  noncorrosive on most m etals bu t a re  
d e le te rio u s  to  soma p a in ts , rubber, and neoprene. T eflon , polyethylene, 
VIton, and o th e r s im ila r  p la s t ic  m a te ria ls  a re  generally- r e s i s ta n t  to  
d e te r io ra tio n  by ORANGE.

e* O ther S p ec ific  P ro p erties

ORANGE '
7 to  8.

43
24

10.7
8.6
1.275 to  1.295

ORANGE XI 
9

67
27

10.2
7.S
1.220 to  1.242

Freezing po in t, C 
V iscosity , cencipoises 

a t  75 ? 
a t  100 F 

Weight, lb . /g a l  
T o ta l ea te rs  
Acid equivalen t 

S pecific  g rav ity

f .  B io log ica l P roperties  *

C onsisting of two system ic o r  tran s lo ca ted  herb ic ides (2 ,4-B , 
e f fe c t iv e  on broad-leaved herbaceous p lanes, and 2 ,4 ,5-T, e f fe c tiv e  on a  
broad a rra y  of woody p lanes), the m ixture ORANGE Is  e f fe c tiv e  on a  v id e  
range of p lan t sp ec ie s , p rin c ip a lly  o f the broad-leaved o r  dicotyledonous 
groups. G rasses and o th e r monocotyl-doncus p lan ts  a re  lesa a ffec ted , by 
ORANGE. The chem ical i s  absorbed p r in c ip a lly  by. the fo liag e  but may 
e n te r  the p lan t through the sterna and/or ro o t system. Decomposition 
o f the two components, 2,4-D and 2 ,4 ,5-T, by s o i l  microorganisms occurs 
ra p id ly  and tb e  chemical disappears from s o i ls  w ith in  1 to  2 months 
follow ing ap p lica tio n . . . . . .

2 . Toxicology

Agent ORANGE is  low in  to x ic ity  to  man, f is h ,  and w ild l i f e ,  as 
shown In  tbe long and ex tensive record of use of 2,4-D and 2 ,4 ,5 ^  fo r  
a g r ic u l tu ra l  and In d u s tr ia l  vegeta tion  c o n tro l.

ORANGE has a low o ra l  mamasllan to x ic i ty .  The IDS  fo r  acu te  o ra l  
to x ie l ty  of ORANGE fo r r a ts  Is  550 mg/Ug.* LDW values fo r  the 2,4-D

* B.P. McNamara, Toxicology Department, Sdgewood A rsenal, Kd. 
o f  to x ic i ty  data  on phenoxyacetates.

Summary
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component o f  ORANGE range from 300 co 1,000 mg/kg fo r r a t s ,  guinea pigs» 
and ra b b its .  T o x ic ity  to  c a t t l e  appears to  be s im ila r  to  chat of laboratory  
an im als.

ORANGE and ORANGE I I  may cause s l ig h t  sk in  i r r i t a t i o n  and minimal 
in h a la tio n  e f f e c t s .

T o x ic ity  o f  2 ,4 -0  and 2 ,4 ,3-T to  f is h  v a rie s  v id e ly  w ith  the spec ies, 
s a l t  o r  e s te r  employed, and d u ra tio n  o f  exposure.*r  Pure 2,4-D ac id  a t  
100 ppm co n cen tra tio n *  caused only  a l ig h t  m o rta lity  to  f in g e r  l in g  bream 
end largemouth b asa .1® Minnows and. c a t f is h  to le ra te d  sodium s a l t  of 2,4-0 
a t  2,000 ppm fo r  l  week but» f in g e r  lin g  b lu e g il ls  had losses o f 40 to  100 X 
from th e  b u ty l e s te r  o f 2,4-D a t  co n cen tra tions o f  1 to  5 ppm* E s ta r  forra- - 
o f  2,4-D and 2 ,4 ,5 ^T a ra  more to x ic  to  f is h  than pure a d d  o r s a l t s  vhich 
a re  used fo r  c o n tro l o f  aq u a tic  v eg e ta tio n  w ithout in ju ry  to  f i s h .19 Only 
under con d itio n s  o f  d i r e c t  a p p lic a tio n  of ORANGE to  shallow bodies of w ater 
a t  ehe r a te  o f 3 g a l /a c ré  would k i l l  o f th e  most s e n s itiv a  species  of f ish  
be l ik e ly  to  occur.

3 . Handling

i

*1

/ ./•KÍ*

' lS.s ■

Agents ORANGE and ORANGE I I  may be sa fe ly  handled w ith  ordinary  . 
s a n ita ry  p recau tio n s . S p illa g e  on sk in  o r c lo th ing  should be removed 
promptly to  avoid p o ssib le  i r r i t a t i o n  through prolonged sk in  co n tac t.
These chem icals p resen t no hazard co man or animals in  areas subjected  
to  d e fo lia t io n  a t  the  time of o r fallow ing  spray a p p lic a tio n .

ORANGE has a p en e tra tin g  odor th a t  tends to  p e r s l s c ln  enclosed 
a rea s  such as a i r c r a f t  cabins and s to rag e  a re a s . S p illage  o r sprey deposit 
on a i r c r a f t  snd pa in ted  su rfaces  should be removed as soon as p assib le  by 
washing w ith  d ie s e l  fu e l o r  o th e r l ig h t  petroleum  o i l s ,  followed by a soap 
wash and thorough r in s in g  W ith 'c le a r  w ater.

As in d ic a te d , exposure o f rubber o r  neoprene hose to  ORANGE causes 
d e te r io ra t io n . T ra n s fe r  hoses, pump s e a ls ,  snd o th e r equipment p a rts  
su b jec ted  to  continued eoncaet w ith  th i s  chemical should be checked often  
fo r  replacem ent un less  r e s i s ta n t  m a te r ia ls  such as  Teflon and Vicon a re  
u se d .. '

v
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Following h e rb ic id e  a p p lic a tio n , the  tank and spray system should, 
be flushed w ith  d ie s e l  fu e l followed by a dee urgent or soap end w ater 
r in s e  and c le a r  w ater r in s e  whsn change i s  made from ORANGE to  a  w ater- 
base sgen t such as' BLUE or WHITE. -This flu sh ing  and r in s in g  procedure is  
more im portant to  follow  when BLUE is  used a f te r  ORANGE» WHITE may be

* One ppm i s  the  eq u iv a len t of 2.72 lb . o f herb ic ide  per a c re -fo o t of 
w aeer. I f  3 g a l o f ORANGE were sprayed on an acre o f  w ater 1 foot deep, 
th e  co n cen tra tio n  of 2,4-D +  2 ,4 ,5-T ac id  equ ivalen t would be approximately 
11 ppm.
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used d ir e c t ly  a f te r  ORANGE w ithout f lu sh in g , as the  s n a i l  amount o f re s id u a l 
ORANGE In the spray tank w i l l  n ix  w ith  the la rg e r  q u an tity  o f  WHITE w ithout . \
forming a p re c ip ita te .  In  th e  rev e rse  s i tu a tio n  when ORANGE Is  used a f t e r  ■ j
WHITE, th e  re s id u a l WHITE w i l l  tend to  sep a ra te  and f lo a t  cm to p -o f the  ]
denser ORANGE unless the  m ixture i s  thoroughly a g ita te d . _ In  th e  A/AA5Y-1 ■
spray system used in  Che UC-123 a i r c r a f t ,  the  c irc u la t in g  system i s  e f f e c t iv e  
In  keeping th e  re s id u a l agent (SO g a l)  mixed w ith  the new f i l l  (90Ô g a l ) .

i4 . Methods o f  D isposa l ,

Loading and s to rag e  a reas  su b je c t to  contam ination by ORANGE by 
repeated  s p il la g e  nay be Created by repeated  flush ing  o f  a ffe c te d  areas  
w ith  d ie se l fu e l and drainage in to  s e t t l in g  basins or p i ts  fo r  incorpora 
cion in to  s o i l  where m ic ro b ia l and /o r photodeeompositlozr w i l l  occur. I f  
p o ssib le , heav ily  contam inated s o i l s  should be deep-plowed- to  work th e  
chemical in fo  the soil* to  a id  l a  subsequent leaching and decom position.

Used con ta in ers  and su rp lu s  q u a n titie s  o f  ORANGE should be burled  
In  deep p its  a t  lo ca tio h s  where minimal hazard e x is ts  fo r  leaching in to  
wafcir su p p lies  o r  c u lt iv a te d  crop a re a s .

Regular removal o f used co n ta in e rs  from loading areas  should be 
p rac ticed  to  avoid p o ssib le  damage o r  hazard to  nearby s e n s itiv e  crops 
by concentrated  vapors o f the  chem ical o r  Improper use of Cha empty con­
ta in e rs  in  a g r ic u l tu r a l  a re a s .

5 . E ffec tiveness as a D efo lian t

ORANGE and ORANGE XX a re  e f f e c t iv e  d e fo lian ts  of fo re s t  veg e ta tio n  
under temperate and t r o p ic a l  coneit i e n s .  As system ic h e rb ic id es , th e  com­
ponent e s te r s  of 2 ,4 -0  and 2 ,4 , S-T cause death  o f  the  p lan t w ith  accompany- .
Ing d e fo lia tio n .

The ty p ic a l response o f  woody v eg e ta tio n  to  a f o l i a r  a p p lic a tio n  of 
ORANGE is  f i r s t  a  browning and d isc o lo ra tio n  o f the fo lia g e  within, a  period 
o f 1 o r Z weeks. F o liage o f th e  more su sc ep tib le  species may tu rn  brown 
ra p id ly  and le a f  drop w i l l  occur over a period o f 1 to  2 months* Under 
tro p ic a l  co n d itio n s , maximum d e fo lia t io n  may occur at. 2 to  3 months a f te r  
sp ray  ap p lica tio n  (see  Section  17, B, 3 ) . As h s rb lc id a l response con tinues, 
th e  stems and branches d ie  back p ro g ressiv e ly  from the t i p ,  accompanied by 
d e fo lia tio n . When on ly  p a r t i a l  k i l l  o f  the  in d iv id u a l p lan t occurs, 
regrovth  and new fo lia g e  develop from th e  main stems and la rg e r  branches. ‘

Inform ation on th e  degree and d u ra tio n  o f  d e fo lla tlo tr  response* 
from ORANGE Is  given in  Section  1 7 ,3 ,3 .

Under t ro p ic a l  fo re s t  co n d itio n s , s a t is fa c to ry  le v e ls  o f d e fo lia tio n  
mey p e r s is t  fo r 4 to  6 months or more a f te r  which regrowth, and replacem ent 
vegeta tion  may n e c e s s ita te  » tre a tm e n t. 03 I 96U
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• ORANGE end ORANGE I I  a c t p r in c ip a lly  on broad-leaved woody and

■ i herbaceous p la n ts . G rasses’, including  bamboos, a re  r e la t iv e ly  unaffected
1 by normal ra te s  of .ap p lica tio n  (3 g a l/a c re )  but chemical "burning" and
! topic! 11 may r e s u l t  from heav ier doses of ORANGE and ORANGE I I .
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6. E ffec tiveness  as  an An t i e r  op-Agent

ORANGE and i t s  component e s te r s  o f 2,4-D and 2 ,4 ,5-T a re  e f fe c tiv e  
berb le id es  a g a in s t many broad-leaved cro p s. The s e le c tiv e  ac tio n  of 2,4-D 
on broad-leaved weeds, in  c o n tra s t  to  th e  re s is ta n c e  of c e re a l and grass 
c rops, has lad to  i t s  widespread, u se  a s  a s e le c tiv e  h e rb ic id e  in  broad-leaved 
weed c o n tro l. The component 2 ,4 ,5-T e s te r  i s  more e f fe c tiv e  on woody 
p lan ts  and I s  p ro p o rtio n a te ly  more e f fe c t iv e  than 2,4-0 In  h e rb ic ld a l 
a c tio n  on crops such as p o ta to es , soybeans,* peanuts, tobacco, sweet 
p o ta to es , and rubber t r e e s .

In  g en era l, ORANGE may be considered as an e f fe c t iv e  an tic rop  agent 
ag a in st most broad-leaved crops a t  the race  of 1 lb . ac id  equ ivalen t per 
ac re . S p ec ific  ra te s  fo r  crops a re  given in  Section  17 ,B ,1. Highly 
s e n s itiv e  crops in c lu d e :

Cotton 
Soybeans 
Tomatoes 
Sweet po ta toes 
Peanuts 
Liras beans

G reer, b e a n s  
F eas
Sunflower
S ala
B roccoli
Sesame

R u ta b a g a
P o p p le s
Beets
Cabbage
Hemp

Root o r  tu b e r crops such as p o ta to es , sugar b ee ts , and maniac show g re a te s t 
y ie ld  reductions from chem icals app lied  during e a r ly  growth s tag es .
Because o f  th e  s e n s i t iv i ty  o f crop p la n ts , spray devices used to  dissem i­
n a te  ORANGE should no t be used fo r  the  employment o f in se c tic id e s  because 
tra c e  q u a n titie s  of the h e rb ic id e  can damage crops.

B. BLUE

BLUE is  che code desig n a tio n  fo r  a n e u tra liz e d , liq u id  fem u la tio n  
contain ing  caeodylic  ac id  (d im e th y la rsin lc  ac id ) and i t s  sodium s a l t .
The term BUIE was f i r s t  ap p lied  in  1961 to  1964 to  cacodylle acid  in  powder 
forts, con tain ing  65% a c tiv e  in g red ien t th a t  was mixed in  the f ie ld  w ith  
v a tu r .  The BLUE c u rre n tly  in  use i s  a liq u id  form ulation produced by Ansul 

f Company and la  designated  Phytar 560G. I t  con ta ins a minimum of 21Z 
sodium cacodylate w ith  a d d itio n a l f re e  eacodylie  acid fo r a to t a l  dim ethyl- 
a r s ln la  acid  equ ivalen t o f no t le ss  chan 261 o r 3 .1  lb . /g a l .  Phytar 560G 
con ta ins 5Z by volume o f a su rfa c ta n t plus 0.5Z of an antifoam  agent; 
E ffo r ts  a re  being made to  reduce the su rfa c ta n t to  1Z by volume. Approxi­
mate cost i s  9 3 .3 5 /g s l.
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1« Physical, Chemical, and B io lo g ica l P roperties

a . Physical Scats

Cacodylic acid (tec h n ica l)  Ls a  c o lo r le s s ,  c r y s ta l l in e  'so lid  
w ith  a "melting point of 200 C.

BLUE (Phytar 560G) i s  a liq u id  form ulation o f  cacody lic  ac id  
and I t s  sodium sa lt*  I t  ls  'a redd*, ih o r  brownish, free-flow ing  l iq u id .

b . S o lu b ility

Both eacodylie acid  and th e  liq u id  form ulation BLUE a re  re a d i ly  
so lu b le  In v o te r  and a lcoho l but in so lu b le  l a  d ie s e l  fu e l  and o i l s . '

c . V o la t i l i ty

BLUE Is  n o n v o la tile . Cacodylic a d d  and i t s  s a l t  have extrem ely 
low vapor p ressu res.

d . Corrosive Action

Corrosion te s t s  w ith und ilu ted  BLUE showed l i t t l e  o r no e f f e c t  
on b rass , copper, aluminum, and t i n  a f t e r  an exposure of 1 month. S te e l 
showed a rap id  I n i t i a l  reac tio n  and moderate co rrosion  w ith  BLUE. Zinc 
was the le a s t r e s is ta n t  m etal, e x h ib itin g  a galvan ic  re a c tio n  In  th e  
cacodylace so lu tio n .

Other S p ecific  P roperties

Freezing po in t, F Below -22
V iscosity , cen tlp o ises

At 50 7 19.9
At 75 F 11.0
At 95 F 9 .0

V eight, lb . /g a l  
Liquid form ulation 10.9
Cacodylic a d d  eq u iv a len t 3 .1

S pecific  g rav ity 1*31
PH 6 .7  to  7.:

f .  B io logical P roperties

BLUE is  a desiccan t o r  co n tac t h erb ic id e  end causes rap id  
browning of fo liag e . I t  shows r e la t iv e ly  l i t t l e ,  tra n s lo c a tio n  o r  movement 
w ith in  the p lan t. Foliage of broad-leaved vegetación  a f fe c te d  by BLUE may 
ab sc ise  or sh r iv e l and remain on the p la n t. G rasses ney show rap id  browning 
end death of top growth but »g row th  of r e s is ta n t  perenn ia l sp ec ie s , such 
as elephant g rasa , may occur w ith in  1 to  2 months. D e fo lia tio n  of woody
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vegetación  by BLUE shows short-cerm  e f fe c t ,  w ith  maxima e f f e c t  ae 2 Co 6 \
weeks a f t e r  trea tm en t. Repeat ap p lica tio n s  of BLUE may be requ ired  fo r
continued v egeta tion  c o n tro l of perennial, g rasses . . i . ..

2* Toxicology

Cacodylie aeid  o r  d ia eeh y la rs in lc  ac id , th e  ac tiv e  component o f 
BLUE, con ta ins a rse n ic  in  the  Innocuous pentavalant s ta te  r a th e r  chan th e  
to x ic  t r lv a lc n t  form. The acu te  o r a l  to x ic i ty  of cacodylic  a c id  In
r a ta  i s  1,400 mg/kg fo r  males and 1,280 mg/kg fo r females* For th e  formula­
tio n  Phytar 56CG o r  BLUE conta in ing  tha acid  and i t s  sodium s a le ,  th e  acu te  
o r a l  e o x ie lty  (LD^) fo r  r a t s  i s  2,600 mg/kg, a  tox iO lty  le v e l lower than 
th a t  o f a s p ir in  (1,750 mg/kg).*

C a tt le  fed 24*5 mg/kg of cacodylic  ac id  d a lly  in  a  60-day feeding 
te s e  showed no a n e n le  in  th e  m ilk and no sto rag e  o f a rse n ic  in  th e  anim al 
body on a cum ulative b a s is .  — *

In  t e s t s  w ith  f is h ,  Gambusta. sh in e r, and la rgemouth black bass 
were ab le  to  w ithstand  concen tra tions of cacodylic aeid  o f a r  le a s t  100 ppm 
fo r  7 2 'hours, a  r a te  equ ivalen t to  270 lb . o f a chem ical'per a c re -fo o t of 
w ater. I t  may, th u s , be considered nontoxic to  f ish  and anima I s .1T

When BLUE o r cacodylic  acid  is  applied  d ir e c t ly  to  s o i l ,  the  
chem ical la  rap id ly  adsorbed and deaccivated by the  s o i l  c o llo id s  so chat 
new crops can be planted during th e  same growing season.

3 . Handling ’

BLUE may be handled sa fe ly  w ith o rd inary  s a n ita ry  precau tions In 
avoiding prolonged co n tac t w ith  s k is  o r c lo th in g . Cacodylie ac id  is  
re a d i ly  absorbed through the  sk in ; prolonged absorp tion  may lead to  a 
d i s t i n c t  g a r l ic  ‘odor in  the  breach. -Spillage should bé avoided a n d . 
removed by l ib e r a l  flu sh ing  and rin s in g  w ith  c le a r  w ater.

Some d i f f i c u l ty  has been encountered w ith  p re c ip ita te  in  the  
commercial form ulation. Drums should be checked to  ensure thee p re c ip i­
t a t e ,  i f  p resen t, i s  no t pumped in to  a  spray system*

BLUE should not be used in  a  spray system e i th e r  follow ing o r 
preceding WHITE w ithout thoroughly flush ing  the tank and system w ith  water*
A m ixture of th e se  two agents r e s u l ts  in a p re c ip ita te  co n sis tin g  of the 
sodium s e l t  o f  2,4-D (a  component o f WHITE). I f  a change in  agents i s  to  
be made, the  tanks or* spray system should be f i l l e d  a t  lease  h a lf  f u l l  w ith  
claar. w ater and the  system exhausted of liq u id  befo re  the  new agen t (BLUE 
o r  WHITE) i s  added.

*[. ' *  Unpublished da ta  of th e  Ansul Co*, M arinette, Wisconsin.
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4* Methods of- D isposal

Equipment used fo r ap p lica tio n  o f BLUE should be thoroughly cleaned 
p r io r  to  s to rag e  o r d isuse . Several flu sh ings of soapy o r  d e te rg en t w ater 
to  which ammonia has been added nay be used, followed by a c le a r  r in s e .
For most spray systems a f in a l  r in se  w ith  d ie s e l  fu e l nay se rv e  to  prevent 
r u s t  o r sediment accumulation.

Excess sp illa g e  of BLUE In loading o r  s to rage  a reas  should be - 
removed by thorough washing with c le a r  w ater and /o r d i lu te  ammonia.
Runoff o r  wash w ater con tain ing  d ilu ted  BLUE should, i f  p o ss ib le , be 
d iv e rted  in to  p ics or s e t t l in g  basins fo r  Incorporation  in to  s o i l .  The 
chem ical i s  rap id ly  adsorbed by s o i l  and d e a c tiv a te d ..

Used con ta iners  and re s id u a l chem ical should be disposed o f by 
b u r ia l  whenever p o ssib le .

5 . E ffec tiveness a s -a  D efo lian t

BLUE Is  p rim arily  a  desiccant w ith l i t t l e  or no system ic h erb ic id a  1 
a e tlo n . When ap p lied  to  br¿ad-leaved, woody, o r grass v eg e ta tio n , BLUE 
causes a rapid  browning and d esicca tion , w ith  accompanying sh r iv e lin g  
and ab sc iss io n  o f leaves on some voody sp ec ie s . The agent cay .be con­
sid e red  a short-C era  d e fo lia n t on woody vegeta tion  w ith  maximum d e fo lia tio n  
2 to  4  weeks a f t e r  ap p lica tio n  (see Section IV,3 ,3 ) .

6. E ffec tiveness as an A nticrap Agent

BLUE Is Che agent of choice for d es tru c tio n  of c e re a l o r g ra in  
crops ( in  co n tra s t to  ORANGE which Is p rim arily  e f fe c t iv e  on broad*leaved 
c ro p s);

E arly  work a t  F ort D etrlck  w ith r ic e  showed th a t  y ie ld  reductions 
o f 70 to  97% were obtained by a -s in g le  a p p lica tio n  a t  0.25 lb . eaeody lic  
acid  per acre  a t  any time over a 2 .5-month growth p eriod .3 Recent te s t s  
on r i c e  w ith  sodium eacodylate form ulation (Phytar 560G) have shown complete 
y ie ld  reduction  w ith ap p lica tio n s  of 1 lb . /a c re  cecodylic ac id  on p lan ts  
in  the  veg e ta tiv e  and flow ering stages of g rw ch .

Corn and g ra in  sorghum are co n tro lled  e f fe c t iv e ly  w ith  BLUE In e a r ly  
growth stages (12 to  18 Inches high) w ith 1 lb . eaeodylic a c id  per a c re ; 
wheat and oats have shown complete y ie ld  reductions w ith  1 lb . eaeodylic  
ac id  per acre  applied  as BLUE in  th e  la te  boot s tag e . F i r s t  year, o r plane 
crop o f  sugarcane in  la te  season requ ired  5 to  10 lb . eaeodylic ac id  per' 
a c re  fo r  e f fe c tiv e  y ie ld  reduction ; In racoon crops more than 24' lb . /a c r e  
a re  re q u ire d .*  The chem ical Is  noe reconxnended fo r  th is  crop because 
b e t te r  agents a re  a v a ila b le .

*  Dr. R.C. Bunker and Dr. U.C. LeCroy, P lan t Physiology D iv is io n , personal 
communication. —
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C. WHITE

WHITE, i s  the code designation  fo r  Tordon 101, a liq u id  formulación con­
ta in in g  p ic  lora m (4 -am ln o -3 ,5 ,6 -tr leh lo ro p lco lin ie  a d d )  and 2,4-D In the 
form q f  tr iiso p ro p a n o lamine s a le s .  Approximate cose is  $6 .40 /ga l.

The composition of WHITE, based on w eight o f s a le ,  I s :  pleloram , 10.2Z; 
2 ,4 -0 , 39.6Z. Based on w eight o f ac tiv e  ing red ien t o r a d d ,  th e  composición 
i s :  p leloram , 5.7Z o r  0.54 lb . /g a l ;  2 ,4 -0 , 2L.2Z or 2*0 lb . /g a l .  The 
rem ainder c o n s is ts  o f w ate r, w ettin g  ag en t, and o th e r In e r t  in g red ien ts .

I
Piclpram  o r  Tordon i s  .a p ro p rie ta ry  item produced by Dow Chemical 

Company and la  a v a ila b le  in  o th e r form ulations, inc lud ing : (1) Tordon 40, 
a liq u id  eontaing 4 -lb. Iso o c ty l e a te r  per ga llo n , so lub le  In  o i l ,  in so lub le  
la  w a te r; (11) Tordon 10E, an extruded p e l le t  con coining 10Z pleloram  aa 
potassium  s a l t ;  and ( i l l )  m odified 03ANGE (Dow K-3393).

An experim ental form ulation Chat has been proposed fo r  te s t in g  con ca l ns 
s  m ixture o f pleloram  e s te r ,  n -b u ty l e s te r  of 2 ,4 -0 , and n -b u ty l e s te r  of 
2 ,4 ,5-T. .

1. P hysical. Chemical, and B io log ica l P roperties

a . P hysical S ta te

WHITE (Tordon 101) Is  a dark brown, somewhat viscous liq u id .

b . S o lu b il i ty

WHITE i s  m isc ib le  lit w ater but in só lub le  in  d ie se l fu e l and 
ocher o i l s .  The crilsopropano lamine forms of 2,4-D and pleloram in  WHITE 
a re  both re a d ily  so lu b le  in  w ater, whereas Che parent ac ids (2,4-D and 
pieloram ) i r e  w hite c r y s ta l l in e  powders, 'so lub le  in  acetone and a lcoho l, 
and somewhat s o lu b le .in  c e r ta in  o th e r  organic so lv en ts .

e .  V o la t i l i ty

. WHITE Is  considered n o n v o la tile . Pleloram has a vapor pressure 
o f 6.16 x  10"7 am o f Hg a t  35 C.

WHITE, because o f the low v o la t i l i t y  of i t s  a c tiv e  in g red ien ts , 
has baen suggested sa s  s u b s t i tu te  fo r  ORANGE fo r d e fo lia tio n  in  areas 
ad jacen t to  rubber p la n ta tio n s  and se n s itiv e  broad-leaved crops. However, 
because o f th e  high a c t iv i ty  o f the pieloram  component, extremaly  smaII 
amounts can damags s e n s it iv e  species;.

WHITE i s  s ta b le  and m oderately r e s is ta n t  to  u l t r a v io le t  
r a d ia t io n . D espite i t s  w ater base, the form ulation WHITS Is* f  tam ab le  
w ith  a  f la sh  point o f  35 C.

!
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d. Corrosive Action i
, rt . 1

WHITE is  noncorrosive on cosason metals'- and m a te ria ls  used in  \
* eî spray equipment.

■ i ‘ e . Other S p ec ific  Properties* -
V * V isco s ity , c en tip o ise s
w At 10 C 362
w Ac 25 & 125 to  135 , iî* ‘ ■. At 38 C 95 \
h Weight o f a c tiv e  In g red ien ts
■cpr Cacid e q u iv a le n t) , l b . /g a l — :
w ■ P ie lo raa 0 :54  !

-7 ï '  *
2 ,4-0 2.0

f . B io lo g ica l P ro p ertie s ;
s •

f* WHITE- i s  a  m ixture o f two system ic h e rb ic id es , p ie lo ra a  and
2 ,4 -0 . I t  is  p a r t i a l ly  s e le c tiv e  In i t s  d e fo lia n t and h erb lc id a l- ac tio n  
on an a rray  o f  p la n t species  and Is  e f f e c t iv e ,  p r in c ip a lly , on voody and 
c e r ta in  broad «leaved herbaceous p la n ts . Both th e  p ie lo raa  and 2,4-0 
components a re  r e la t iv e ly  in e ffe c tiv e  on g ra sse s , bamboos, and ocher 

*'■. aonocotyledonous p lanes. F o rest a reas  d e fo lia te d  with.WHITS o ften  show
an immediate increase  ip  these  r e s i s ta n t  p la n ts .

Both p ie lo ra a  and 2 ,4-0  are  re a d ily  absorbed by the fo liag e . 
Picloram , apparen tly , is  more e a s i ly  absorbed by the  ro o t system than are
2,4-0  and. o th e r phenoxy h e rb ic id es .

« *
The picloram  component o f WHITE i s  more- p e rs is te n t in  s o i ls  

as compared w ith  o th e r chem icals such as ORANGE and BLUE. M icrobial 
decomposition of picloram  i s  lim ited  and losses from s o i ls  occur 
p r in c ip a lly  by leaching and some, photodecomposlelon. At ra te s  used fo r 
d e fo lia tio n  I t  may p e r s is t  in  some s o i l s  fo r. 1 year o r  more.

t .
I 2. Toxicology

1 '1

>
\
>

T o x ic ity  da ta  have been- c o lle c te d  fo r the components 2 ,4 -0  and 
p ie lo raa  and fo r  the m ixture WHITE. Picloram  i s  extrem ely law in  
to x ic i ty ;  the LDW fo r  acu te  o ra l  to x ic i ty  in  r a ts  i s  8,200 mg/k'g; fo r  
sheep and c a t t l e  I t  Is  488 to  650 mg/kg.

For Tordon 101. o r  WHITE, th e  acu te  o ra l  fo r  r a t s  has been 
reported  es 3,080 mg/kg; f a r  sheep 2,000; and fo r  c a t t l e  3,163.
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In  a  feeding t e s t  on c a t t l e ,  97.7Z o f  the  adm inistered ' plcloram 
was recovered unchanged in  the u r in e ; no plcloram  wan detected  In m ilk .30**

. .. Median to le ran ce  lim its  o f f is h  to  Tordon 101 ranged from 66 ppm
fo r  fathead minnow to  260 ppm' for- brook t r o u t .  ' ^

T oxico log ical s tu d ie s  conducted by Edgewood A rsenal and Dow * !
Choml c a l  Company In d ica te  th a t  a s in g le  d ir e c t  exposure to  a spray of j
WHITE, a t  prescribed  r a te s ,  would co t c o n s t i tu te  a  hazard to  th e  sk in  o r  \
a. system ic hazard by in h a la tion» (

The chemical la  considered nontoxie and n o t hazardous to  humane, 
anim als, and f is h .

3. Hsndling
•

Only o rd inary  p recau tions a re  'recommended fo r  handling WHITE, as 
fo r any eomon a g r ic u ltu ra l  chem ical. I t  may be m ild ly  I r r i t a t i n g  to  sk in  
and eyes on prolonged co n tac t. Contaminated e lo th in g  should bn washed 
before reuse. S p illag e  on the sk in  should be r in sed  w ith  c le a r  w ater.

WHITE is  safe  fo r personnel and animals on sprayed areas a t  the  
t la a  of or following a p p lic a tio n . WHITE may be used in  spray equipment 
follow ing or preceding 02AXCE, as  d iscussed  in  Section  I I I ,A ,3.

WHITE should be thoroughly flushed and r in se d  from spray  systems 
p r io r  to  use of agent BLUE to  avoid p re c ip ita tio n  o f the re s id u a l 2 ,4 -D, 
ss  sodium sa lt«  by the sodium cacodylate o f  BLUE. Tanks and spray systems 
should be thoroughly flushed  w ith  w ater before a change of. agents o r 
a n tic ip a te d  d isuse .

4. . Methods of D isposal

Loading and s to rage areas su b je c t to  .chemical s p illa g e  may be 
p a r t i a l ly  decontaminated by repeated washing w ith  amnonla w ater and 
flush ing  witff c le a r  w ater. Runoff w ater from such flush ing  opera tions 
should be d iv e rted  to  s e t t l in g  basins o r  r e s t r ic te d  areas no t su b jec t to  
overflow on cropland. Plcloram in  WHITE i s  p e rs is te n t  In spray equipment 
and con tainers o r  in  s o i l ,  thus f u l l  decontam ination o f equipment o r  areas 
sub jec t to  s p illa g e  i s  extrem ely d i f f i c u l t .  A vigorous- regimen o f soap 
and w ater, asmonla w ater, and e le a r  w ater r in s e s  and flush ings Is  necessary .
Equipment used fo r WHITE should no t be used fo r  o th e r purposes such ss  
f e r t i l i z in g  o r applying in s e c tic id e s .

*  Weimar, J .T . ; e t  a l .  September 1967. T ox ico log ica l s tu d ie s  re la t in g  to
use of WHITE as a dafo lian c . U.S. Army Edgewood A rsenal, Maryland. 
Unpublished da ta .
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5« E ffec tiveness a s ‘a D efo lian t

WHITE and I t s  primary component pieloram  a re  s e le c tiv e  system ic 
h erb ic id es . They a re  e f fe c tiv e  p r in c ip a lly  on broad-leaved herbaceous 
planes and p a r tic u la r ly  on woody p la n ts  a t  r e la t iv e ly  low r a te s  o f  a p p lic a ­
t io n ,  Moat grasses and nonocotyledeaous p lan ts  a re  r e s is ta n t  to  pieloram ,

H srb lc idal a c tio n  on woody p la n ts  is- r e la t iv e ly  slow, and f u l l  
d e fo lia tio n  may n o t occur fo r  se v e ra l months a f t e r  spray a p p lic a tio n . 
Temperate zone co n ife rs  e re  suscep tlb  1» to  piclorazs bu t e x h ib it  a  delayed 
d e fo lia tio n  response.

6. E ffec tiveness as an A ntlcrop Agent

WHITE has no t been reeonaended fo r  crop  d e s tru c tio n  due to  i t s  
p ers is ten ce  in  s o i ls  fo r  periods o f 1 year o r  so re . Both p lc lo r s a  and 
2,4-D., th e  a c tiv e  components. of WHITE, a re  extrem ely e f fe c tiv e  h erb ic ides 
on broad-leaved crop sp ec ie s . A pp lica tions  o f as l i t t l e  as 0.05 to  0.10 
lb . /a c re  of pieloram  have caused s u b s ta n tia l  y ie ld  reductions, of garden 
beans, soybeans, Irish- p o ta toes , peanut-, sweet po ta toes, and o th e rs .31 
V ariable re s u lts  have been obtained on c e re a l crops, but in  genera l the 
ce re a ls  and grasses a re  r e s is ta n t  to  pieloram  and WHITE. A no tab le  exception 
la  th a t wheat y ie ld s  a re  elim inated  by WHITE applied  a t  2.0 lb . a c tiv e  
ing red ien ts  per ac re . Soybeans, co tto n , and tom atoes are  extrem ely 
s e n s itiv e  to  pieloram. Seedlings of th e se  crops show v is ib le  symptoms of 
h erb ic ide  e f fe c t w ith re s id u a l amounts of le a s  than s ix  p a rts  per b i l l io n  
o f pieloram In the s o i l .  Tomatoes may be k i l le d  w ith  sprays con ta in ing  
1.0 ppm o f pieloram , whereas wheat, r ic e ,  and corn to le ra te  more than 
2,400 ppm pieloram applied  as a fo lia g e  sp ray .39

.
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D. CANDIDATE AGENTS

Several chemicals a re  being developed as candidate agents o r have been 
subjected  to  prelim inary  te s t in g  under f ie ld  co n d itio n s . This group 
includes Modified ORANGE, a  proposed d e fo l ia n t ;  brom acil and Tandex as 
so il-a p p lie d  herb ic ides  fo r  c o n tro l o f g rasses and broad-leaved v eg e ta tio n ; 
and Renapon, a  liq u id  form ulation o f dalapon, suggested fo r g rass  c o n tro l 
in  RVN by rhe Dow Company. Monuron (T elvar) and diuron  (Karaex) a re  
ad d itio n a l so il-a p p lie d  herb ic ides  chat have been used fo r g rass  and t o t a l  
vegeta tion  c o n tro l.

1. Modified ORANGE

The name Modified ORANGE i J been given to  a m ixture o f ORANGE and 
lso o e ty l e s te r  o f pieloram, propo« rd as s  broad-spectrum  d e fo lia n t .

One gallon  of Modified ORANGE con ta in s l  lb . o f pieloram  as 
lso o e ty l e s te r  end 3 .1  lb . o f 2,4-D and 3 .2  lb . of 2 ,4 ,5-T a s  n -b u ty l 
e s te r s .  An equ ivalen t f ie ld  m ixture o f M odified ORANGE may be prepared
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by blending one part of Tordon 40, contain ing  4 lb . o f plclaram  per g a l ,  
w ith  th ree  parte of ORANGE. The blending may be accomplished by pumping 
th e  m ixture through a t  le a s t two recycles In a  tank and pump system. 
Approximate cose Is  $ 9 .b0 /ga l.

Limited te s t s  o f Modified ORANGE under t ro p ic a l  and tem perate 
cond itions have shewn I t  to  co n tro l a b roader spectrum of spec ies  than 
e i th e r  separate  component, w ith a somewhat more e ffec tiv e , and longer- 
la s t in g  d e fo lia tio n  response than ORANGE alone when app lied  a t  equ ivalen t 
3-g a l  volumes.

2» Soil-A pplied H erbicides

S o il-a p p lie d  h erb ic ides have bqen used ex ten siv e ly  la  the US fo r  
v eg e ta tio n  c o n tro l In In d u s tr ia l  a re a s , ra ilw ay  embankments, r ig h ts - o f -  
way, and o ther a reas  where complete vegeta tion  c o n tro l Is  d e s ired , th e se  
m a te r ia ls  a re  p a r t ic u la r ly  e f fe c tiv e  fo r  the c o n tro l of p erenn ia l g rasses 
and should be considered fo r  use on base camp perlm aeers, mine f ie ld s ,  
aam m ltlon sto rage  a reas, and o th e r s i te s  req u irin g  c o n tro l of grasses 
and woody vege ta tio n . S o il-ap p lied  herb ic ides may be. used In  liq u id  sprays 
o r  as granular o r . p e lle te d  form ulations. Most of the , chemicals i r e  a v a i l - ' 
ab le  as v ec tab ic  powders requ iring  re la t iv e ly  la rge volumes of w ater and 
a g i ta t io n  for liq u id  spray app lies  c lan . The chemicals a re  absorbed through 
the  roo t system and are  dependent upon e ffe c tiv e  r a in f a l l  and av a ilab le  
s o i l  m oisture fo r ae tio n  In vegeta tion  co n tro l.

a . Bromaeil

Sromacil,. S-bromo-3-se c -b u tv l-6 -m ethv lu rac il. Is  an odo rless , 
'w h ite  c ry s ta l l in e  so lid , so lu b le  In  w ater (815 ppm a t  25 C), s ta b le  non- 
co rro siv e , and nonvolatile."

Bromaeil Is  r e la t iv e ly  nontoxic to  man, w ild l if e ,  and f is h .
Acute o ra l  LDj, fo r r a t s  Is  3 >200 mg/kg. I t  p resents no hazard In handling 
except minor akin i r r i t a t i o n  on prolonged co n tac t.

A vailable form ulations inc lude: Hyvar X, SOX w ettah le  powder; 
Hyvar 10P, p e l le ts  con ta in ing  10X brom aeil; and H a lk il 4B, liq u id  formula­
tio n  contain ing  4 lb . /g a l  brom scil.

Experimental g ranu la r fonm ilatlons contain ing  85X a c tiv e  brom aeil 
have been prepared fo r  study by Fort D etrlek . The b as ic  chem ical, brom aeil 
(Hyvar), Is  produced by Z.X. du Font de Nemours & Co., Inc .

Bromaeil Is  on* of th e  most e f fe c tiv e  s c il -a p p lie d  herb ic ides 
s u ita b le  fo r  c o n tro l of perenn ial g rasses ana woody p la n ts . Under tem perate 
.conditions bromaeil a t  12 to  22 Ib ./a c ra  given e ffe c tiv e  c o n tro l of most 
•perennial graaaaa. Under tro p ic a l  conditions 30 lb . /a c r e  o r more may be 
requ ired  fo r g ra ta  and woody p lan t c o n tro l. i
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W ettable powder form ulations. such as Hyvnr X are  su ita b le  
p r in c ip a lly  fo r ground spray ap p lic a tio n  aL high volumes (ICO g a t/cx re  
o r  more). Tank sprayers used fo r  v a tta b le  powder suspensions should be 
equipped w ith  mechanical a g i ta t io n .  A vailable liqu id  form ulations o f 
brom acil a re  designed £*— Tnduscrlal use in  hlgh-voluma sprays. A e ria l 
spray ap p lic a tio n s  o f tfc liq u id  form ulations req u ire  a «-iw volume 
of 10 g a l/a c re  fo r use ra te s  of 30 lb ./a c re  of brom acil. Approximete 

. cose i s  $ 5 .7 0 /lb .

b . Tandex

Tandex, m -(3,3-dlm echylureido)phenjrl-terr-bnty.lcarbam ace>
(N iagara 11092), manufactured by Niagara* Chemical D ivision o f FMC 
C orporation, Is  a-w hite c ry s ta l l in e  s o lid ,  r e la t iv e ly  so lub le  in  w ater 
(325 ppm a t  25 C), s ta b le ,  noncorrosive, and non v o la tile .

Tandex i s  r e la t iv e ly  nontoxie to  a l l  forms of anim al l i f e .
Acute o r a l  ID** fo r  r a ts  is  3,000 og/kg. I t  i s  n o n ir r i ta tin g  to  animals 
and p resen ts  no hazard in  handling.

a v a ila b le  .form ulations include 301 w ettab le  powder sad 
16Z g ran u la r form ulation.

Tandex i s  a new s o i l  herbicide* capable of e f fe c tiv e  c o n tro l 
of p e ren n ia l g rasses and broad-leaved herbaceous and woody p lan ts  a t  ra te s  
comparable to  those fo r brom acil. Unlike brom acil, which is  absorbed only 
through the roo t system, Tandex is  equally  e ffe c tiv e  as fo liag e  sprays o r 
s o i l  a p p lic a tio n s . Under tem perate cond itions, ap p lica tio n s  of 15 to  25 
lb ./a c re -  of Tandex have given long-term co n tro l (1 year) of perenn ia l 
g rass  and o th e r v eg e ta tio n . Inform ation from tro p ic a l-a re a s  i s  incom plete, 
but Tandex appears ' to  be equ ivalen t to  bromacil in  degree and duration  o f 
v eg e ta tio n  c o n tro l. In cescs to -d a te , Tandex appears to  co n tro l a g re a te r  
number of broad-leaved p lan ts  than bromacil. Approximate co s t of SOX 
w ettab le  pcxrder i s  $ 5 .7 5 /lb .

c . Monuron (Telvar)

Monuron, 3 -(£ -ch lo ro p h en y l)-l, l-d io e th y lu rea , produced by 
E .I .  du Font da Nemours & C o., I n c . ,  is  an odorless, c ry s ta l l in e  s o lid , 
h igh ly  so lu b le  in  aeetone and s l ig h t ly  so lub le  in  w ater (230 ppm a t  25 C), 
non co rro s iv e , s ta b le  In s to rag e , and sub ject to  minimal loss by 
photodecomposition.

Monuron has low to x ic i ty . ' Acute o ra l  LD^ to  r a ts  I s  3,600 mg/kg.

Kenuron has been used fo r s e le c tiv e  weed co n tro l a t  low ra te s  
(1  to  5 lb . /a c re )  and fo r  genera l vegetation  co n tro l a t  16 to  43 lb . /a c r e  

- o r  more. R esis tan t .perennial g rasses may req u ire  more than 50 lb . /a c re  
and a d d itio n a l treatm ents fo r long-term c o n tro l.
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In  g en era l, broraaeil la  p re fe rred  to  monuron fo r  p erenn ia l 
g ra ta  c o n tro l because of le a  lower use ra re  and i t s  g re a te r  a v a i la b i l i ty  
in  heavy so ils»  Monuron la  re a d ily  adsorbed by c lay  s o i l s  and h igher use 
races  a re  requ ired  than In  sandy s o i l s .

Honuron la  s u ita b le  only fo r  ground spray a p p lic a tio n  because 
o f I t s  high use requirem ent end a v a i la b i l i ty  only a« a  w ectable powder* 
Approximate c o s t i s  $ 2 .8 3 /lb*

, s

d* Diuron (Kazmex)

Dluron o r  Kanaraq 3 -(3 ,4 -a Ic h io co p h en y l)-l, 1-dim ethylurea, 
produced by E .I* du fo n t de Nemours & C o., I n c . ,  i s  an odorleaa w hite  
c r y s ta l l in e  s o l id ,  or ly  s l ig h t ly  so lu b le  In  w ater (42 ppm a t  25 C ), b a t 
r e a d i ly  so lu b le  In  acetone and o rgan ic  so lven ts*  •

Dluron Is  s im ila r  to  monurtn in  having low to x ic i ty  to  asa  
and an io a ls . Acute o r a l  ID » to  ra ta  i s  3,400- sg/kg*

Dluron la  a v a ila b le  as  80X v - t t a b le  powder (Karmex) and a a ^
Ear lex DL, a liq u id  form ulation con ta in ing  2.8 lb . o f d iu rc n /g a l.

Because of l t a  extrem ely low s o lu b i l i ty ,  d luron has a long ' 
re s id u a l ac tio n  in  the s o i l ,  e sp ec ia lly  w ith  high r a in f a l l .  I t  is  e f fe c tiv e  
fo r  g rass and broad-leaved herbaceous p lan t c o n tro l a t  16 to  43 lb ./a c re .  
Dluron baa been used a t  lower races fo r s e le c tiv e  weed con tro l*  I t  Is  
suggested fo r m ixtures w ith  b ro aac il and as  a  maintenance trea tm ent .. -  
follow ing brom acll.

I t s  high dosage requirem ent lim its  the  f e a s ib i l i t y  o f using  
diuron In  a e r i a l  app lica tion*  Approximate, c o s t is  $ 2 .9 5 /lb*

3* Dalapon (Kenapon)

Dalapoir, 2 ,2 -d ich loroprop ion ic  a c id , manufactured by Dow Chemical 
Company, la  a  c o lo rle s s  liq u id , h igh ly  so lu b le  in  w ater and a lco h o l, and 
re a d ily  decomposed by s o i l  bacteria*

Dalapon i s  low In to x ic i ty  to  man and w ild life*  Acute o ra l  ID» eo 
r a t s  i s  7,570 to  9,330 mg/kg. Dalapon may cause moderate sk in  i r r i t a t i o n  
on prolonged co n tac t but p resen ts  no handling problem.

Dalapon i s  a v a ila b le  In two primary fo rm ulations: 8SZ sodium 
s a l t ,  a  w a te r-so lu b le  powder; and d ie th y len e  g iy e o l e s te r  (Kenapon), a  
liq u id  form ulation con ta in ing  5 lb . dalapon/gal*

The liq u id  fo rm ulation , Kenapon, has been suggested by the  Dow 
Company fo r m ili ta ry  use fo r co n tro l of p eren n ia l g ra sse s . Dalapernhas 
both con tac t and system ic e f f e c ts  and causas a rap id  d es icc a tio n  of
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topgrowch of g rasses . Suggested ra te s  of a p p l ic a t ion a re  20 to  25 lb . /a c re  
(4 to  5 g a l/ac re )  w ith rep ea t treatm ents a t  6-veek in te rv a ls  o r a t  appro­
p r ia te  periods to  co n tro l regrowth.

Kenapon Is  a form ulation o f da la  pan s u ita b le  fo r  a e r i a l  a p p lic a tio n  
a t  low volumes. Both Kens pan and th e  sodium s a l t  may be used in ground 
spray equipment. Approximate coses a re  $ 0 .6 3 /lb . fo r  da la  pom and $ 6 .10/gal 
f o r  Ksnapon.
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