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FOREWORN

Th ls  documen t  I s  des igned  fo r  t he  use  o f  a l l  eche lons  conce rned  l r l t h

the  resea rch .  deve lopmen t ,  e rnp loymenr ,  l oB i s t i c s ,  and /o r  pLann lng  o f  oPe ra -

t l ons  l nvo l v l ng  t he  use  o f  t he  ava i l ab le  chemica l  vegec . t i on -con r ro l  syscens .

l . t h l  l e  t he  daca  a re  re l a ted  d i r ec t l y  t o  V ie tnad ,  E tos t ,  i f  noE  a I I ,  a re

b road l y  app l i cab le  t o  o the r  poss ib l e  t hea te rs  o f  wa t  and  w i l l  se rve  co

adv {se  pocen t i a l  use rs  o f  cu r renE  capab i l i t i es .

t he  bas i c  ma te i l a l  i n  t he  documeu t  has  been  ob ta ined  f r om Pub l i ca t i ons
p repa red  by  and  f o r  o rgan i za l i ons  i n  t he  Depa r toen t  o f  De fense .  Pub l i shed

f i n te r i a l  l r as  comp lemen ted  by  unpub l i shed  reco rds  o f  t es t s r  obse rva ! i ons  o f

research and operations Personnel, ar,d informal correspo dencer sEmoranda

fo r  r eco rd ,  and  no tes .

I t  i s  no t  an t i c i paEed  tha t  t h l s  documen t  w i . 11  be  rev i sed  onT  con r i nu ing

bas i s ;  howeve r ,  i c  i s  expec ted  t haL  as  ne \ r  da ta  and  ma te r i e l  o f  sPec ia l

s i gn i f i cance  a re  deve loped  and  recomnended  fo r  se rv i ce  use '  addenda  and /o r

supp lenen ts  ! r i 11  be  p repa red  and  d l s t r i bu ted .  Cons t ruc t i ve  co r f t nen ts  and

recommendacions for inproving this document are invited and encouraged.

ABSTMCT

In fo rna t i on  i s  p i ov ided  on  chemica l  vegeca t l on -con t ro l  sys tens  enp loyed

in  \ t l e t nam fo r  de fo l i a t i on ,  des t ruc tLon  o f  sc reen ing  vege ta t i on '  and  den ia l
o f  ag r i cu l t u ra l  p roduc t s  (nu in l y  f ood )  t o  t he  enemy .  Pe r t i nen t  t echn i ca l .

da ta  on  regea rch ,  deve lopmen t ,  an . r  t es t s  o f  agen ts  and  d i ssem ina t i on  sys tems

cu r ren t l y  i n  use  a re  emphas i zed .  The  l a rge  vo lume  o f  documer ta r y  ma te r l a l

has been screened and sumnary infornation selected or prePared wl.th a view

to r ' a rd  t he  posg lb Ie  u t i l i za t i on  o f  t he  da ta  by  pe rsonne l  i nvo l ved  i n  suppo r t

and  emp lo )anen t  o f  t he  neaPon  sys tems .
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I. INTRODUCTION*

A. }IISTORY

The vegeta t lon-cont lo l  sys !ems tha t  have been emPloyed so  ln tens{ve iy

aud success fu l l y  in  V ie tnam s lnce  ear ly  1962 came in tc  be iDB as  a  resu l t

o f  ear ly  and cont inued R.DT&E acconPl ished ln  che P la ' " t  Sc lences  labora toE ies ,

For t  De i r i ck ,  F reder lck ,  ! t ra ry land ( fo rmer ly  c roPs D lv is ion '  Caop Det r l ck ) '

1 .  Agent  Research

Ear ly  in  1943,  the  Chemlca l  war fa re  serv ice  (cWS)  ac t lva ted  CaoP

Det r ick ,  Crops  D i t i s ion  r . tas  es tab l i shed t { i th  the  tn is6 lon  to  conduct

research  and deve lopment  on  chern ica l  and b io log ica l  anc iP lan t  age i ts '

Lhe eaEly  r " ro rk  r . ras  iens i t i ve  and h iSh ly  c lass l f ied '  and Pub l lca t lqn  o f

research  da ta  was L i thhe ld  un t i l  che  end o f  l ' l o r  ld  Lar  I1 .  In  June 1946,

an  en t i re  l ssue o f  the  Botan lca l  Gazet te  nas  devoted  to  18  se lecE Papers
cover lng  r , ro rk  accompl ished dur ing  1944 to  1945 on  chen ica l  g roHth  r (gu lacors '1

The uor f  by  personne l  o f  Crops  D iv is ion  t  as  ln l t ia ted  on  the  5as ls  o f  earL ie r

exper i -ments  by  var ious  sc ien t is ts  t tho  had invesEiga ted  the  b io log lca l

" " i i , , , i .1 " "  
o f  cerLa in  g rowch- regu la t lnB subs tances  and o f  the  suggesElon

by  i j r ,  E ,J .  Kraus ,  Un lvers l ty  o f  Ch icago,  chat  they  migh t  be  use fu l  aE

herb ic ides .  The p ioneer lng  tes ts  tha t  fo1 lq ! ' red  f i rn ly  es tab l tshed the

fac t  tha t  a  l lunber  o f  s j 'n theEic  g rowth- regu laE ing  subs tances  are  PotenE
herb ic ides  hav ing  grea t  t r l i l i ta ry  and agr ic r r l tu ra l  s ign l f i cance '  Other

labora tor ies  and grouPs Par t i c lpa ted  in  the  Army e f fo r t  on  a  conc lac !

bas ls ;  the  Un i ted  S la tes  Depar tErent  o f  Agr ic t . r l tu re  and the  un ivers i ty  o f

Ch icago conducted  tes ts  and eva lua t ions  o f  cand ida te  conPounds;  the

Untve is l ty  o f  oh io  synEhes ized a  la rge  nunber  o f  the  chen ica ls  used ln  the

tes ts .  By  ur fd -1945 a l rnos t  1 .100 tes t  subs tances  had been syn thes lzed and

sub jec ted  to  sc reen ing  s tud ies .  From th is  a r ray ,  2 ,4 -d ich lo roPhenoxyacet lc
ac ia  (Z ,a-n)  and 2 ,4 ,5 - t r i ch lo rophenoxyacet ic  acLd (2 '1 "5-T)  ! 'e re  shoe ' i r  to

possess  ou ts tand ing  herb ic ida l  Proper t ies . l  ln  subsequent  years  a  la rge

Lody o f  fundarne: r ta l  and apPl led  research  da ta  l ras  deve loPed on  gro l t th

. .gu l . to . "  in  genera l  as  we l l  as  o l  2 '4 -D and 2 , /+ '5 'T  sPec l f l ca l l y ' "

Re lease o f  in fo rna t ion  on  th is  new c lass  o f  herb ic ldes  to  the

p u D l i c  a f t e r  W o r l d  w a r  I I  p r e c l P i t a t e d  a  g r e a t  f l u r r y  o f  r e s e a r c h  l n  a l l

par ts  o f  the  vor ld  and caused somple te  revo lu t ion iza t ion  o f  l reed cont ro l

p r tc t i ces .  Dr j r ing  1960 (Pr lo r  to  mi l i ta ry  de l I .€nds  in  Southeas t  As ia ) '  i t

l ras  es t imated  tha t  the  Un i ted  Sta tes  pEoduced uF ' ra rd  o f  50  mi l l ion  Pounds
o f  t h c s e  c h c m i c a l s  ( 2 , 4 - D  a n d  2 , 4 ' 5 - ' t )  f o r  a g r i c u l t u r a l  u s e s '  S t n c e  1 9 6 l '

m i l i ta ry  requ i rements  have caused fu r ther  expans ion  o f  Un l ted  Sta tes  Pro-
ducL.on  capab i  l i t y .

: !  Th i s  r epo r t  shou ld  no t  be  ' r sed  as
pub l i shed  i n  t he  oPen  l i ce ra tu re '

a l i te ra tu re  c i ta t lon  ln  materLa l  to  be

PRICIBIIIO PA$I BIAI{K
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4.  C-  I23 lMC-  t  (Hourg lass)

Dur tng  1960 to  1961,  rhe  75  l f - l  (Hourg lass)  spray  un l ts  ln  s to rage
at  Ogden AFB,  Ogden,  Utah ,  vere  dec la red  surp lus  bv  the  USAF.  ConcuEren!
e t th  lh i .s  ac t ion ,  Tac t lca l  A i r  Comnand personne l  f io rn  the  Spec la l  Aer la l
Spray  F l igh t ,  Iang ley  AFB.  V i rg ln ia ,  v is i ted  Crops  D iv is ion  to  o j ta ln
ln fo rmat ion  on  la rge-capac i ty  chentca l  spray  dev ices  fo r  poss ib le  use  s i th
inEect lc ides  ln  a  newly  aqqu i red  C-123 a i rc ra f t .  They  r . re re  adv tsed o f  the
characrer is t l cs ,  loca t lon ,  and ava i lab i l i t y  o f  the  Hourg lasa  un l ts .  Sub-
sequenCly ,  they  ob ta ined two o f  the  un l ts  and prepared a  des ign ,  rnd  a
C-123 lHourg less  ( l€ - I )  spray  sysren  fo r  che  d I€se ; inar ton  o f  tnsecr {c ides
waa fabr icared  ln  rhe  shops  o f  O l : i s ted  AFB,  pennsy lvan ia .

B. V IETNAI.T

l .  Feas tb t  l l t y  S  tud lee

In  I r ' ,ay  1961,  Crops  D iv {s ion ,  For t  Det r tck .  rece ived a  reques !  f ron
the  Advanced Research  Pro jecEs Agency  (ARpA) ,  Of f i ce  o f  the  Secre tary  o f
Defense (oSD)  fo r  in fo rmat lon  on  the  rechn ica l  fe rs ib l l t t y  o f  de fo l t ; t ing
JungIe  vegeta t lon  in  V le tnarn ,  Research  on  de fo l ia t {on  had no t  been funded
for  severa l  vears  and no  tes t i .ng  had ever  been accompl ished on  veseta t lon
comparab le  to  lha t  ln  V ie tnarn .  t le rever  the  techn ica l  judg t rEnt  w is  oade
tha t  l f  adequate  re iources  eere  prov tded,  t r i l l ta r i l y  s lgn l f l can t  vegeta t ion
cont ro l  cou ld  be  d .  ons t raEed.  On 6  June 1961,  ARPA d i rec ted  For t  DeEr lck
t9  cgnquc_c  de fo l ia t loh  s tud ies  ln  V ie tnaur  as  a 'Fa ; t -o f  p ro jec t  AGILE.
H i th in  a  15-day  per iod ,  exper i rnenta l  herb lc iCes  and spray  dev ices .  o ther
v l ta l  equ ip rbn t  and supp l ies ,  and movet l le r . t  o rder i j  to  V ie tnaE were  gbEa ined.
The n-bu ty !  2 ,4 -D and 2 ,4 ,5 -T  chen lca ls  cou ld  DoE be obca lned on  the  open
li larket and less active comnerc{a I substitutes lJere procured; a surplus
insec t ic ide  spray  un i t  fo t  C-47 a l rc ra f t  and an  insec t lc lde  sprav  dev lce
for  the  l i -34  he l i coprer  (HIDAL)  l re re  ob ta ined;  TDy orders  fo r ' two Crops
Div is lon  sc ienr is ts  ' i re re  apptoved.  In  l i t t le  more  than 60  da) -s  a f te r
rece ip t  o f  the  OSD/ARPA orders ,  de fo l ia r ion  tes ts  tJere  in i t ia red  in
V ie tnad (10  Augusc  1961)  desp i re  che deve lopnen i  o f  i lmost  insurnour i iab le
bar i lb ig  tq  the i r  6ccompl ishEEnt . l l ro  -  Th"  tes t  p rogram was respons ive  to
the  ob jecr ivec  o f  r ! ,o  Tasks  (Task  2 ,  Anr ic rop ;  Task  20 ,  ne fo l ia i ion)
cs tab l l shed as  a  par r  o f  the  jo in t  US/ \ tN  program o f  l - t iL i ta ry  Ass is tance
Advisory Group R&D Division and the Vietnamese CoErbat Deve lolrment Test
Center .  Dur lng  the  per iod  lO Au8ust  rh rough lg  September ,  e ighr  d t f fe ren t
spray  tes ts  r le re  conducted  u i th  t l le  var ious  spray  sys tens  and chemica ls
ava i lab le .  One Task  ?  t rLa l  served as  an  unqua l i f ied ly  success fu l
demonst ra t ion  and was no t  repeated ;  r .csu l ts  f rcm the  Task  20  tes ts  vere
var ied ,  The tes t  da ta  and var la t lons  in  e f fec ts  we ie  care fu l l y  \ , va lua ted
by  the  tesC personne l  and two sa  l - l€n t .  f3c ts  were  apparent :  ( t )  the  l iB l ta -
t ions  imposed by  rhe  lnadequate  sprar  dev i i jds  served to  p roh lb t t  app l l ca t ion
of  Ces i red  a lnounts  o f  the  d i lu te  chen lca ls  and ( i { )  vegeCar lon  responses  in
t i re  tes t  a reas  ( regard less  o f  doses  de l rvered)  demonst ra ted  th i l t ,  .w ! , ! , !su i tab le  spray  sys tems a  d  the  more  po ten t  chen ica ls  o f  cho ice  (n :Ur r i . i f
2 , 4 - D  a n d  2 , 4 , 5 - T ) ,  m t l t c a r i l y  s t g n i f i c a n r  d e f o l i a t t o n  c o u l d  b e - i " " r n p t t " n u a
in Vi e t.nam.
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2. Improved Eurploymenr Capab t ltt les

Even though t ig i r t  secur l ty  res t r l c t lons  t  e re  lmposed on  the  ear ly
e f f o r t s ,  t h e  a : i l v t t l e s  a t t r a c r e d  c o n s l . r e r a b l e  a t t e n t l o n  a h o n g  f r { € n d i y
and enemy fo rces .  l J lchout  fu l l  in fo rsEt ton  on  the  na ture  o f  the  tes ts
and equ iFnent  l im i ta t ions ,  an  undue amounc o f  con t loversy  and c r l t i c lsE
deve loped s i th in  o f f i c ia l  US c i rc les .  A t t i tudes  o f  uncerca in ty ,  doubt ,
and perhaps  even hos t i l { t y  towarC the  concep ls  per  se  p laced rhe  prograd
ln  jeopardy ,  A t  the  he igh t  o f  the  conr roversy ,  ceDera l  Ha:<r ,e  l1  Tay lo r
a td ,Mr ,  wa l t  W.  Rostoe ,  adv isors  to  p re6 ident  Kennedy,  v ls i te i  Sou ih
V ie l i iam.  The 'Cro i ts  D lv is ion  Tesc  o f f i cer  accorpan le i  chern  on  a  2 -dav
aer la l  t r lp  th roughour  RVI ' ] .  dur ing  w l , i ch  r i r€  the  de fo l la t ion  p .og . " l  , " "
d i6cussed and the  tes t  s i tes  ! ,e re  observed.  The pres idenc ia l  Adv lsors
uere  Lrqpres6ed w i th  r rha t  they  sau and urged tha t  the  e f fo rc  be  cont lnued.
The v is i to rs  r . re re  p rov lded w i th  a  wr i tEen rev ie ! ,  and ana lys is  o f  the  tes i
Frogran to  tha t  da te  (October  196 l )  thar  a lso  inc luded a  recoEurendat ion
tha t_ the  3pec ia l  A i r  Sp iay  . l .1 igh t ,  t !ng ley  AFB,  V i rg in ta ,  be  cons tdered
to  ass ls t  1 f  rhe  dec ls lon  vere  n la< ie  to  sca le -up  the  spray  opera t l .ons  ln
V le tnam.r l  Subseo ' renc ly ,  6 ix  C-123 a l rc ra f t  r . re  re  nade ava i lab le  to  the
Tact lca l  A i r  CoEEEnd t  i rh  a  h igh-pr io r icy  d l rec t l ve  to  insca l l  spray
equ i .pment  capab le  o f  d isseDi ina t ing  vegeEat ion-cont ro l  agenCs.  USAF and
For t  Det r i ck  personne l  de terh ined Ehat  rhe  C-123/HourB lass  conf igura t ion ,
deve loped by  the  spray  un l t  aC lang ie - i  -aFB, -  shou ld  serve  as  a  mode l  fo r
the  ne l r  sys ted ls .  Fabr lca t {on  was accompl lshed exped i t ious ly  and on
6 Decesrber  t96 l  the  s lx  un i rs  and Tac t lca l  A l r  Cont rand suppor t  personne l
ar r i ved  a t  C la rk  AFB,  Pht l tpp tnes .  On 7  January  1962,  chree  o f  che  sys teEts
eere. moved to l_a-n Son Nhuc, RyN, lrirh the task of conductlng further ;tudtes
on the defoliarion concepc, This USAF effort was narned RANCH HAN.D. ?he
6k l l l  and  ded ica t ion  o f  ch is  f i rs r  RANCH IAND crer ,  con t r lbu ted  fudEasureb lv
to  the  successes  tha t  fo l lowed and the  deve lopdent  and u l t imate  acceptance
by the  DeFar tment  o f  Defense o f  a  ne ! , r ,  non-convent iona l  weapon sy6ceF.

C. OPER{TIOML TESTIM . 1952

l. C-I23 /tf,- Ll pURpLE Spray System

Three C-123 spray  sh lps  er r i ved  ln  V ie tnao on  7  January ;  the  f i rs t
shipnent of PURPLE and BLUE was received on 9 January. The color codes
were  app l ied  to  the  tes t  chemica ls  p r lmar i l y  becat rse  sccur i ty  l id  no f
perEr i !  descr ip t i ve  labe ls  on  the  sh ipnents .  The co lo red  bands pa i i r ted
around the  drums a lso  served as  an  a id  to  idenEi f i ca t lon  by  suppgr t
personne l .  PURPIE code mater ia l  l ras  a  mix t , r re  o f  n -bu ty l  Z r4-n ,  n_Uuty t
2 ,4 ,5 -T  and lsobucy l  2 ,4 ,5 -T .  The isobury l  por r tc ;  (20%)  ,as  tnc iuaed-
8s  a  measure  to  depress  the  f reez ing  p . , i x t  o f  2 ,4 ,5 -T ,  wh lch  f reezes  a t
! 'oo$  tempera ture ,  (Th is  c r ix tu re  eventua l l y  t 'as  rep laced by  ORAME.)
BLIJE cons ls ted  o f  a  wate t -so lub le  po$der  tha t  con ta lned,  as  the  ac t lve
ingred ien t ,  652 cacody l i c  ac id  ( la te r  rep laced by  a  l lqu id  fomula t lon) .
On l0  January ,  the  ne ! '  C-123 spray  sys tem was tes ted  as  a  func t lcna l  check
us ing  PURPI I ,  The equ iprnent  p rev ious ly  had been tes ted  r { r l th  q ra te r  bu t  r ro t
u l th  E lo re  v i .scous  EEter ia ls  such as  pURpLE.  The ob jec t ive  o f  th is  Ees t
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and  l a te r  m iss ions  r " / as  t o  d i ssem ina te  a t  a  ra te  su i t ab le  ! o  ob ta ln  a  g roundd e p o s i t  o f  I  g a l l a c r e .  I t  w a s  e s t i m a t e d  t h a t  t h e  f i r s E  t e s t  a c h l e v e d  ag r r  r nd  depos i t  o f  0 .8  ea l / ac re - ;  i n  t he  second  tes t  on  13  Janua ry ,  I . 05ga t / ac re  depos i r  r . , as  
" ch i . , , ea - i "  

c . " ; , ; ; ; ; ; ; ; ; ; ' "  Juo , . . "  on  rhe  c_ I23sys tem.  add i t i ona l  t es t i ng  l r i t h  t he  i , i e t nanese  A i r  Fo rce  H_34 , /H IDAL  sys teErand  g round  equ ipmen !  us ing  BL t jE  l r as  accomp l i shed .

Eva lua t i on  o f  t he  up land  f o l es t  a reas  t r ea ted  u i t h  pURpLE sho I . r edfha t  t he  veee ra t i on  d id  no t  r espond  as  anc i c i pa ted .  By  t he  end  o f  Janua ryi t  vas  de te rm ined  t ha t  t he  d ry  season  had  i nduced  a  do r r l l nE  cond i t i on  r r l t hrespec t  t o  p l an t  g row th ,  and  t he  b io l og i ca l  r esponse  ro  t he  g roe th
regu laEo r  chemica l  was  be ing  de la l ed .  The  USAF sp ray  Ees t l ng  Has  con_t i nued  t h rough  March  1962 ,  a t  wh i ch  ! ime  the  e r ro r c  i as  re r . i na ted  t oa w a i t  a  f u l t  e v a l u a t i o n  o f  t h e  r e s u l t s  i r o m  t h e  t e s t s ,

2. OSD/ARPA Eva luarion

The  eva lua t l on  l r as ,  i n  l a rge  pa r t ,  s t i t r u l a ted  by  t he  appee ranceo f  seve ra l  con t rove rs i a l  ne r r s  a r t i c l es  abou t  t he  de fo l i ac i on  p rog raE ,
Because  t he  t es t  p rog ram was  sens i t i ve  and  c l ass i f l ed ,  t he  news  co r re_sponden ts  we re  on l y  pa r t i a l l y  " i n fo r ' . , ed "  and  t he  news  accouncs  we re  sone_th ing  l ess  Ehan  who l l y  f ac tua l ,  A t  t he  d l r ec t i oo  o f  OSO/enp i ,  

" - " " f " "a "aI y  t he  vege ta t l on -con t roL  p rog rau l
r e s e n t a t i v e s  f r o m  U . S . D . A , ,  A R P A .
)e  Cou4and ing  ce re r i l ,  USA Chea i i a l
I  t no  phases :  Resea rch  phase ,
pe ra t i on3 l  phase ,  13  Janua ry  1962  to
I  eva lua t i on  o f  21  t r ea ted  t a r seLE
r f )  t h a t :  ( i )  t h e  o p e r a r i o n a l  p r o _
)n t i nued ,  ! , r i t h  mod  i f i ca i  i ons  reco ru rended
r ,  r , , hen  eva lua ted  f r : on  t he  a l r ,  we re
: t i ves ,  snd  f r on  t he  g round  we re  607 ,
r l  equ ipm€n t  had  a  ma jo r  i n f l uence

save excelrenr control or m^nsrove; ("j ' : : : l :rff:; i : : : :ff: i . l t ; l  iS:H.-t i on  shou ld  be  deve loped  i n  l oca l i t i es  whe re  t he  t es t  pe rsonne l  L , i I l  haver e a d y - a c c e s s  t o  t e s t  a r e a s i  a n d  ( v i )  t h e  t e c h n i c a l  f e a s i b i l i i y  f o r  c o n L r o lo f  a l l  c r - o p  p l a n t s  l r i t h  a v a i  l a b l e  c h e m i c a l s  i s  w e l l  e s t a b l i s h e d .

The  team deve loped  a  ge r i es  o f  r eco r ,menda t i ons  t ha t  l nc l uded :( i )  n o d i f i c a r i o n  o f  c h e  C - 1 2 3  s y s r e m  ! o  d e l i v e r  f . i  g . r . f  p l r t p l - E  p e ra c r e  a n d  p r o v i d e  f o r  a  r o t a l  a p p l i c a r i o n  o f  3  g a t l a c i e ;  ( i f )  t f r e  s i - - vspec t run  sho t r l d  have  a  t r - . ss  r l ed ian  d ia8 rc te r  o f  300  p ;  an r l  ( i l i )  an .exped l t edRDT&E p rog ra . . r  on  de fo l i a t i on  shou ld  be  i n i t i a t ed  i n  USe  and  Tha l l and  andshou ld  i nc l udc  i nve -s - t i ga t i ons  on  a  sp ray  sys ten  capab le  o f  de l i ve r i ng  3ga  1 / ' ac r  e  o f  PURPLE. l .
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II. VEGETATION-CONTROL CONCE PTS

A. DEFOLIATION

In  the  ml l i ta ry  sense,  de fo l ia t ion  is  the  des t ruc t lon  and/or  renova l
o f  ta rge t  fo l tage by  the  app l ica t io r  o f  chemlca l  agents .  The ob jec t ive

o f  de fo l ia t ion  is  to  improve ver t i ca l  and hor lzon ta l  v ls tb i l t t y  t  i th in

the treated area, The high inctdence of successful eneoy arBbushes in

V ie tnarn  ras  the  sa l len t  fac to r  tha t  in f luenced the  in t roduc l ion  o f

vegeta t ion-cont ro l  sys tens  in to  the  SoutheasE As ia  conf l i c t .  The in l t ia l

objective of Task 20 r.las to defoliate Ehe vegetation along lines of

corEtunication (higtnrays and watereays) to deny the enemy the safety of

adequate cover and conceaklent (Fig. 1)'

Three general cla6ses of defoliant agents are recognized according -)

to  the l r  Eodes o f  ac t ion :  )

1) Growth regulators. Cheurlca Is in thls class are horoone-like
6ubstances that have some characteristlcs slsli lar to those of natural
plant hornoneg, are readlly absorbed by the treated foliager and enter
in to  the  p lan t  sys lem co  be  t tans loca ted  and a f fecE o ther  Par ts  o f  Ehe
plant. Because they are alien, they dlsruPt the nor.i ia 1 physiologtc
processes  o f  the  en t i re  p lan t  sys tem (sys ten lc  e f fec ls ) .  SenEl t i ve
perenn ia l  spec ies  shed the i r  leaves  and,  l f  the  dose o f  cheo lca l  i s
adequate .  d ie .a  P lan ts  t rea ted  $ i th  sub le tha l  doses  f requent ly  recover
par t ia l l y  o r  conp le te ly ;  a lso ,  some p lan t  sPec ies  are  h igh ly  res i -s tan t
to  th ls  c lass  o f  chemica ls  and,  ou teard ly ,  s |ay  appear  unaf fec ted . l4
Gro$th  regu la to rs  as  a  c lass  are  most  e f fec t l ve  on  broad- leaved P lan ts
in  an  ac t ive  sca te  o f  g ron th .  Because these l lgen ts  func t ion  sys teo ica l l y t
smal l  quant i t ies  may be  h iBh ly  e f fec t i ve ,  bu t  wh i le  absorp t ion  ln to  Ehe
p lan t  sys ten  is  rap id ,  deve lopment  o f  e f fec ts  l s  le la t i ve ly  s low.  Agenta

OP.ANGE and WHITE are classic exaoples of systefl lc grottth regutaEors'

2 )  Des lccants .  Che$ lca l  agents  Ln  th is  c lass  are  a lso  re fe r led
to  as  contacc  agents  because they  Produce the i r  e f fec ts  1oca l l y  a t  the
po in t  o f  app l i c i t ion .  These chen ica ls  gauss  rap id  des lcca t lon  (d ry ing)

o f  the  t rea ted  fo l iaBe.  Th is  ac t ion  leads  to  lea f  fa11 $ i th  some €Pec ies

while on others the leaves shrivel and dle but remain on the plant. The

des iccant  chern ica ls  normal ly  do  no t  k i l l  perenn la l  woody and herbaceous
p lan ts  and,  in  the  t rop ics ,  re fo l ia t ion  occurs  in  30  to  90  daysr  dePend ing

on the  spec ies .  Agent  BLUE is  a  des iccant  tha t  i s  e f fec t i ve  on  grassy

plants resistant to lhe gror,t ih reg'Jlators and on broad-leaved PlanEs in

i  dormant  sEage o f  g roo th ,  such as  those ln  uP land fo res ts  dur ing  the

dry  season in  V ie tnam.  Becauae these chemlca ls  a re  no t  noroE l ly  t rans-

locaced to  p roduce the i r  to : r i c  e f fec ts ,  thorough coverage o f  the  ra rge-

fo l iage  is  requ i red ,
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3)  Defo l ian t  (c rue) .  One o f  the  ours tand iDg goa ls  o f  research  on
vegeta t lon-conCro l  agents  i s  deve lopoten t  o f  a  mi l i ta r i l y  use fu l ,  t rue
defo l ia t ing  agenc,  An ln tens ive  research  e f fo r t  i s  devoted  to  the  phys ica l
and b lochen lca l  p rocesses  invo tved in  the  oormal  lea f  senescence and
absc isa ion  phenon lena.  The ob jec t ive  is  to  d lscover  the  chen lca l  b3s is
fo r  the  processes  and to  de . , 'e  lop  means o f  induc ing  lea f  fa11 aC g i l l  iS
i t  nor rn , t l l y  occurs  in  tempcra te  zones  i r i th  the  onset  c i  fa l l  and  l i in te r .
A  compound capab le  o f  th is  type  o f  ac t ion  a lso  is  be ing  soughr  in  the
acreen ing  progran in  p rogress  aE the  p lanC Sc iences  I ibora tor ies .  For t
Det  r i ck .

B. COMROL OF CROP P1AMS

The vegeta t ion-conEro l  agents  cur renc ly  in  use  in  V ie tnaro  are  capab le
co l lec t i ve ly  o f  damaging  or  des t ray ing  the  produc t iv i t y  o f  a l1  knoqnr
agr icu l tu ra l  c rop  p lan ts  o f  s ign i f i cance.

I- Agent OMNGE

Each o f  the  rwo codponents  o f  OB.ANGE (2 ,4-D and 2 ,4r5-T)  Is
effective aga l.qs-C--_ a nide array of broad-leaved plant specles. Certaln
o f  the  p lancs  are  sens iE ive  to  bo th  che i r i ca ls ,  vh i le  o thers  a re  a f fec ted
by  on ly  one;  thus  the  50 ;50  mix tu re ,  OMNGE,  prov ides  the  mi l i ta ry  w l th
a  capab i l i i y  to  a t tack  an  ex tens ive-ar ray  o f  b road- leaved c rop  p lan ts .a
Unfortunatell ' , OR.AIqE is cqnsidered i-bii geneially jneffeccive on grasses.
Iu rpor tan t  cerea l  c rop  p lan ts  such a6  r i ce ,  vheat ,  corn ,  sugarcane,  sorghuor ,
n i l le t ,  and b4 ! : ley  a re  g rasses  and a  second chemLca l  i s  requ i red  foy  the i r
cont ro l .  In  the  search  fo r  a  un lversa l  an t i \ : rop  agent  the  herb ic ida l
p roper t les  o f  cacody l i c  ac id  (d imethy la rs in ic  . : id )  were  d iscovered.
Stud ies  on  th is  new compound sho l red  i t  to  be  h igh ly  e f fec t i ve  aga ins t
r i ce  in  par t l cu la r  and o ther  g rasses  in  genera l  as  we l l  as  a  nunber  o f
b road -  leaved c rops ,15  ' re

2. Asenl BLLJE

Cacody l i c  ac id  (agent  BLUE)  as  a
in t roduced inco  V ie tnarn  as  the  agent  o f
Cong rice.,c,r. 'op,s. Mixing l i i th r{raEer was
l iqu id  fo lmu la t ion  o f  sod ium cacody la te ,
a  rcp lacer .en t  fo r  cacody l i c  ac id  and is

3, Agent IIHITE

d ry ,  wa te r - so lub le  poJde r  l r a  s
cho i ce  f o r  des t ruc t i on  o f  V rec
requ i red .  La te r ,  a  comnerc  l a  I ,

Phy ta r  560G,  nas  i n t r oduced  as
the  agen t  BL IJE  cu r ren t l y  i n  use .

TorCo i  101,  a  p ropr - ie ta ry  fo rnu la t ion  o f  p ic lo rarn  (4 -ao ino-3r5r6-
t r i ch lo rop ico l in ic  ac id )  and 2 ,4-D,  was in t roduced in to  V ie tnan by
Depar tment  o f  the  Army,  Ass is tan t  Ch ie f  o f  S ta f f  fo r  Force  Deve lopment ,
fo r  use  as  a  subs( i tu re  fc r  oRANCI  on  ta rge ts  in  the  prox lo r i t y  o f
sens l t i ve  c rop  p lan ts .  p r i r rc ipa l l y  rubber .  A l leged ly ,  the  vapors  f ron
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OR NGE had occas lona l l y  caused c rop  losses  in  the  v ic in l ty  o f  de fo l ia t lon
s t r i kes ,  a r rd  a  less  vo la t i le  chenr lca l  r . ra  s  reques ted  by  US l l i l t ta rv  Ass is tance
ComrL lnd ,  V le tnan,  fo r  use  on  a  number  o f  ta r ;e ts .  f f " f . . r r ,  

- t f , " -p . ; ; ; ; ; ; ; ; ; ;

ac t l ve  ingred ien t  in  Tordon 1Ol  and a  var ie ty  o f  newer  fo rmula t ions ,  
-  

l s  a  
- -

h lgh ly  po ten t .  sys temic  herb ic ide  fo r  a  r . r ide  var re ty  o f  b road- reaved c r .opp lan ts .  on  the  bas ls  o f  c la lms by  the  nanufac turer  (Dow)  and the  resu l ts
o f  tes t lng  by  For r  Det r i ck ,  r t  i s  rnd tcared  tha t  p tc io ram wl r l  con t ro l
essent ia l l y  the  6ame b load aEray  o f  c rop  spec ies  is  OMNGE but  on  sooe
wl11 be  e f fec t i ve  a t  s ign i f i can t ty  lo r r .a  dosages,  p ic lo ran  is  even 1e6s
ef fec t i ve  on  grasses .  in  genera l ,  than ORA,r \cE]  w i th  b r : t  one no tab le
: Icep t ion  

-  i c  i s  h igh ly  e f fecr ive  in  reduc ing  vheat  y ie lds .  Un l ike
OMNGE,  th is  compound is  no t  read i l ] ,  inac t iva ted  by  so i l  o rgan lsns  and,
because o f  i t6  pers is tence,  some res t ra in ts  shou ld  be  i rnposed on  i t s  use
for  cont ro l  o f  c rop  p lan ts .

Pred ic  tab i  l i t y

C. TARGET I'IARKING

* l l r .  R .C.  Bunker ,  P lan t  e t ry "

The use o f  vegeta t ion-cont ro l  agents  fo r  mark lng  ta rge ts  has  been con_
s idered fo r  E lany  years  bu t  research  on  th ls  ro le  ha i  been l in i ted .  To
set is fy  Chts  concept  fo r  emplo)ment  ln  a  tac t i ca l  s i tuaElon ,  a  very  fas t_
ac t ing  co t rpor rnd  is  reo-u i rcd  to  p roduce a  h igh ly  v is ib le ,  

"o" , . r .a i i lg - " i "ng"ln  che t rea ted  vegerar ion .  A  ta rge t - t rErk ing  c ipab l l t t y  wou ld  p roUab ly  f i idi t s  g rea tes t  u9e in  p inpo ln t ing  ta rge ts  fo r  aer ia l  s t r i kes  by  i ig t r_p . i to "or . . , " . ,
c lose-suppor t  a i rc ra f t  and/or  bombers .

4 ,

Crops  can be  success fu l l y  con t ro l led  by  cheur ica ls  wt th  a  h lgh  degree
of  cer ta in ty  because the  requ i red  cechno logy  is  we l l  deve loped and ia rge i
c rop  vu lnerab l l i t ies  a re  known,  The nurnber  o f  i rnpor tanc  c rop  p lan ts  i i
I in i ted  and mo6t  have been sub jec ted  to  t .es ts  by  For t  Det r i ck ,  the  U.S.D.A. ,
var ious_chemica l  compar r ies ,  p r iva te  research  or ian lza t lons ,  ^ id , /o ,
un ivers i t ies .  t l i th  bu t  a  fev  except lons ,  c iop  p lan ts  a re  annua ls ,  re la t tve ly
sna l l  in  s ize"  nor rE l l y  in  an  ac t lve  s tage o f -g iowth ,  and sens l t i ve  to
ae lec t  compounds,  Dose requ i reDenCs fo r  con t ro l  o f  b road_Ieaved c rops  are
very  l car .  As  l ie t le  as  0 .  lO lb . /acre  o f  OMNGE l_s  adequate  to  cont ro l
euch c ro ls  as  soybeans,  sueeE pota toes ,  and garden beans,  wh i le  oan loc  ls
damagec by  1 .0  1b . , /ac re .  Rrce  rs  des t royed by  0 .5  to  1 .6  rb . /acre  o f  BLUE.l lan ioc  may a lso  be  cont ro l led  e f fec t l ve ly  by  ihe  appt ica t ion  o f  0 ,2  lb .  o fp ic lo ram in  Tordon 101. *  p ic  lo raur  a t  the  ra te  o f  i r ,O+ to  0 .07  lb . , /ac re
has  caused up  to  1007.  y ie ld  red t ,c t l cn  o f  garden beans,  poEatoes ,  soyb( lans ,
Peanuts ,  and s l ree t  P , )ca toes .
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D, SPECIAL APPLICATIONS

The guer r l l l a - type  war  in  v ' -e tnan has  c rea ted  a  ne i t  apPrec ia t ion  fo r

advantag ;s  o f  6 te ,1 l th  t rnd  surPr lse  and the  e f fec t i ve  use  by  an  aggress lve

; ; . ; t . ;  exp lo i t  i t  to  harnss  numer ica l l v  suPer io r  fo rces '  The Us and RVN

uni ts  have prepared e labora te  de fenses  around base lns ta l la t lons  to  Suard

aga ins t  ln f l l t ra t ion  by  the  enerny  and !o  P levent  surPr ise  a t tacks '

Vegeta t lcm-cont ro l  agents  a re  used ex tens lve ly  to  rna in ta in  veBeta t ion- f ree

f i ie  lanes ,  rn tne f ie l i s ,  f ie lds  o f  observa t lon  on  per ime lers ,  and de fens lve

barrier areas. The cleared areas deny the eneEly the cover and concealEenc

v i ta l  fo r  success fu l l y  launch ing  su : 'p r ise  a t tacke  and ! ' iEhd la ! ' ing  I { l th

acqepEab le  losses .  A11 th ree  agents  have been used fo r  EEln tenance o f

the  de fense areas ,  s ince  cont ro l  o f  bo th  b road- leaved and grassy  EyPes

is requtred. Reconnendatlons have been fi lade for the use of soil-aPPlied

chemi ia l  compounds fo r  nonse lecE ive '  long- te rm concro l ,  honever  use  o f

such cheu'.rcals has not been apProved.
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III. VEGETATION-CO}TTROL ACEMS

A. ORANGE AND OMNGE II

ORANGE iB the code designation for a 50:50 EtLxlure of g-butyl csters.

o f  ? ,4 -d tch lo rophenoxyacet ic  ac id  (2 ,4 -D)  and 2 ,4 ,5 - tE i 'eh lo roPhenoxyacet  l c

" " i J ' (Z ,ArS- t ) .  
The igent  cons is ts  o f  a  mlx tu re  o f  equa l  vo- r rEe6 o f  the

und l lu ted  techn ica l  es te ) ta  o f  2 ,4 -D and 2 '4 '5 -T '  ApProx loa te  co6t  r1

$ 6 , 7  5 l s a l .

ORAI,IGE II Is a dixture of equal Parts by voluEe of the g-butyl esler

o t  2 ,4 -D and tsooc ty l  es te r  o f  2 ,4 '5 -T .

Speciflca'-lons for ORU'iCE and ORANGE 1I are avallable ln MIL-D-512394

(uu),' ip""if i"atlons for the cooPonent n-butyI esters ot 2r4'D ar,d 2'4'5'T

ana-o f  i sooc ty t  es te r  o f  2 ,4 ,5" t  In  oMl {GE I I  a re  as  fo l lons :

MIL It-51147, Herblclde; n-buty1 2,4-dlchloroPhenoxyacetate
MIL It-51I48' I ierbicide; !-bucyl 2,4' 5 -trichlorophenoxyacecate

HIL H-50724; Herbictde; isooctyl 2,4,5-trichloroPhenoxyacetate

1 .  Phys lca l ,  CheElca l ,  and B io log ica l  ProPer t ies

a .  PhYs lca l  SEate

ORAIGE e.nd ORANCE Ii are llqulds at rooEl teEperaEure and above'

varylng froln clear reddlsh brown to strald color' Both agents becode Eore

vtscous at lower temPeratures and slay solidify at 40 to 45 F' q-Buty1

es ter  o f  2 ,4 ,5 -T  f reezes  be l@,  70  to  75  F '  bu t  bo th  g -bu ty l  es te r  o f

2,4-D and i.sooctyl eeter of 214r5-T have conslderably lolter freezlng polnts'

b .  So lub l  l l t y

OP-{NGE and OMNGE II are readlly soluble ln dlesel fuel and

ocher  o rgan lc  so lvents ,  bu t  a re  re la t i ve ly  lnso lub le  ln  l ta te r '

c '  Vo  la t  l  l l l y

ORANGE and lts conPonent g-butyl esters of 2r4-D a.'J'd' 2'4t5-T

are  charac ter ized  by  P lan t  Phys io log is ts  as  vo la t t le  herb ic ldes  because

ih"  u .por "  a re  re la t i . ' e1y  phy to tox lc '  l l owever '  the  phys tca l  chen isc  wou Id

regard  the  bu ty l  es te rs  o f  2 ,4 -D and,  2 ,4 '5 -T  as  essef l t la l l y  nonvo la t i le ,

rl in a ,r.pot pa.""r.rt. of less than I trm of nercury at 35 c' In fact, the

n-butv l  es te r  o f  2 ,4 -D Ls  aPProx imate  ly  equtva len t  to  No '  2  d lese l  fue l

G vo ia t i f f t v ,  . "q . r i . tng  a  cemperar 'u re  o f  L41 C fo r  vaPor  Pre isure  to  equa l

I tr6 of nercury.

oMNGE I I ,  cons lsc ing  ln  Par t  o f  the  lo ! ' -vo la t l1e  lsooc ty l  es te r

o f  2 ,4 ,5 -T ,  nay  be  cona idered less  vo la t l le  than ORAME'
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Data  are  no t  ava l lab le  on  ;_he d is tances  tha t  ORAME or  l t6
cohponent esters may travel in vapor state from defoll.ated or 6prayed
areasr  bu t  la te ra l  novements  o f  herbrc ldes ,  due to  the l r  vo la t r ie  a tu re
a lone,  a re  be  l ieve< i  to  be  neg l lg tb le .  l , tos i  ins tances  o f  a l leged c rop
daEEge adjacent to areas sprayed with 0MNGE oay be attrlbuted to drtfto r  n lsapp l ica t lon  a t  the  t lme o f  spray lng  ra the ;  than to  vo la t l l l t v .

d. Corrosive Act lcn

OMNGE and ORANGE II are noncorroslve on nost Detals but are
-de le te r ious  to  some pa in ts ,  rubber ,  and neoprene.  Te f lon ,  po lye thy lene,
I r i t .on ,  and o ther  s rmi la r  p las t l c  mater ia ls  a re  genera lJy  i . i f " i .n t - to  

'

deterioratton by ORAIEE.

e. Ocher Speclfic propelt les

ORAI,IGE
F;eezing polnt, C 7 to g
V iscos i ty ,  cen t ipo lses

a t 7 5 F  4 3
ar 100 F 24

e lgh t ,  lb , , /ga l
To ta  I  es te rs
Acid equlvalent

Spec i f l c  g rav l ty

la l  7

8 . 6
1 . 2 7 5  E o  1 . 2 9 5

ORA}IGE II
9

67
27

l o . 2
7 . 6
1.220 co 1.242

f .  B ioLog lca1 proper t ies

-  Cons ls t lng  o f  two sys ten ic  o r  c rans loca ted  : ,e rb lc ldes  (2 r4_D,
e f fec t i ve  on  broad- leaved herbaceous p lan ts ,  and Zr4r5- " t ,  e f fec t l ve  on  abroad array of woody prants), the oixir.rre orencr rs l irectt.re on a ,, lde
range of plant specre6, prtrciparly of the broad-Ieaved or drcotyledonousgroups .  Grasses  and o ther  monocoty  ledonoug p lan ts  a re  less  a f fec ted  lyOMNGE, The chernica I ls absorbed principally by the foltage but E|ay
coter  tbe  p lan t  th rough the  s tens  and/or - roo i  sys ten .  Decoopos l t lon
of the trjo conponenta, 2,4-D and 2r4r5-T, by soil oticroorganl stos occurs
rapidly::nd the chenical dlsappears from soils lr ithr.n I to 2 dronths
fo l low ing  a  pp  11cat  ion .

2. Toxlco logy

Agent ORANGE lE low in toxlclty to EEn, fish,
shorrn ln the long and extenslve record of u"" of 2r4'-n
agr icu l tu ra l  and lndus t r ia l  vegecat ion  cont ro l .

ORAIIGE has a lora ora I slaEra llan toxiclty. The
toxlcity of ORANGE for rats is 550 nglkg.* l,O, values

and q ' i  ld  I l fe ,  ss
and.2 ,4 ,5 -T  fo r

l l) so for acute oral
for the 2,4-D

* B.-P: M:N:oar1, To*i.o
o f  tox ic l t y  da ta  on  phenoxyaceEaEes.
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comp<incnr of ORI\NCE range
a n d  r a b b  i  t s .  T o x i c l t y  t o
an fura 19.

f ron  300 to  1 ,000 ng /kg  fo r  ra ts ,  gu lnea p lgs ,
c . r t t ie  app€ara  to  be  s fun l la r  to  tha t  o f  labora tory

ORAmE and ORAME II trL1y cause sltght skln lrrttatlon and ulntmsl
lnha la t  lon  e f  fec ta .

Tox lc i ty  o f  2 ,4 -D and 2 ,4 ,5 -T  to  f l sh  var les  u ide ly  w l th  the  6pec les ,
sa l t  o r  es te r  eEp loyed.  and dura t ion  o f  exposure . l t  pure  2 ,4 -D ac id  a t
I00  ppo concent ra t ion*  caused on ly  s l {gh t  Eor ta l t t y  to  f inger l lng  brea6
and Lr rgemouth  be te . ra  Mlnnqrs  and cac f lsh  to le ra ted  sod lun  sa l t  o f  2 ,4 -D
8t  21000 pp  fo r  l  eeek  bu t  f inger l lng  b lue ts t l l s  had 1os6es o f  40  to  1002
f roo  the  bu ty l  ea ter  o f  2 ,4 -D a t '  concent ra t ions  o f  I  to  5  pp to .  Es ter  fo rEs
of .  2 ,4 -D and 2 ,615-T are  inore  tox lc  to  f i sh  Ehan pure  ac id  o r  sa l ts  eh ich
are  used fo r  con t ro i  o f  aquat ic  vegetac ion  u l thout  ln ju ry  to  f l sh . re  On ly
under  condLt lons  o f  d l rec t  app l {ca t lon  o f  O&I }GE to  Eha l lqu  bod les  o f  ea ter
a t  the  ra te  o f  3  Ba l /acre  uor - r l . c  k l l l  o f  the  rnos  t  sena l t i ve  spec les  o f  f l sh
be l t ke  l y  to  occur .

7. l land l lng

Agents ORANGE and OMNGE II Eay be safJ.!.y handled r.rlth ordlirary
san l ta ry  p recaut ions .  Sp l . l lage  on  ak in  o r .  c . l r i  - rng  shou ld  be  reooved
pronpc ly  to  avo ld  poss tb le  l r r i ra t ion  th rough pro longed sk ln  contac t .
These chef i i ca ls  p resent  no  hazard  co  oan or  an ima ls  ln  a reaa sub jec ted
to  de fo l la t ion  a t  the  t the  o f  o r  fo l loe lng  Epray  app lLca t lqn .

OF,{I€E has a p€netrallng odor that tends to persist ln enclosed
areaa auch as  a l rc ra f t  cab ins  and 6 to tage J reas .  Sp i t lage  or  6pray  depos lc
on a l rc ra fc  and pa in tcd  sur faces  shou ld  be  reooved as  soon as  poss lb le  by
l rash ing  u i th  d teee l  fue l  o r  o ther  l lgh t  pe t ro leu f l  o l l s ,  fo l l c red  by  a  soap
rda6h and thorough r lns tng  r , i th  c lear  r . racer .

As  ind lca ted ,  exposure  o i  rubber  o r  neoprene hose to  ORAI€E causes
deter io ra t ion .  Trans fer  ho9es ,  Fr rmp sea ls ,  and o ther  equ l tEent  par ts
sub jec ied  Eo cont inued co i tacc  ' J i th  th is  chen lca l  shou ld  be  checked o f ten
for  rep lEcement  un less  res is tan t  ha le r ia ls  such as  Tef lon  and V i ton  are
u s e c .

Fo! lo r lng  herb lc {de  app l ica t lon ,  the  tank  and spray  sys tes  shou ld
be f lushec i  t r l th  d iese l  fue l  fo l lo1 |ed  by  a  de te lgent  o r  soap and iJa ter
r i i . c  and c lear  l ra te r  r inse  nhen change ls  hade f roE l  ORA. IGE to  a  water -
bas . )  agenc  such as  BLUE oE WHITE.  Th is  f l t rsh tng  and r lns ing  procedure  is
E,ore lhporrant to fo I lor.r uhen BLUE is used after OR,AI.IGE. WHITE 6ay be

*  Cne pFr  i s  the  equ iva len{
water .  I f  3  ga !  o f  OR\N;E
the  concent ra t lon  o f  2 ,4  -D
l l pro.

o f  2 .72  lb .  o f  her t r i c lde  per  acre- foo t  o f
vere  sprayed on  an  acre  o f  water  I  foo t  deep,
+  2 ,4 r5-T  ac ld  equ lva lenE sou ld  be  approx l rmte l ,y
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used d l rec t l y  a f te r  oRAl€E w l thout  f lush ing ,  as  the  smal l  a rnount  o f  res ldua lOPANGE ln the 6pray rank rltLl t ltx.*,lrh tt."i..!". q,ronrr.ry of I,IHITE r,ithout
- ! :T inc  "  

p rcc lp t ra te .  In  the  reverse  e t tua t iSn  vden oRA} tcE ts  used a f teEHI I ITE,  the  res idua l  IJHITE wLL l  tend co  separs t .  
" . , j - t to "a  

on  top  o f  Lhedenser  oF i l IGE un les6  the  E ix tu re  la  thorough ly  ag l ta ted .  In  the  A, /A45y- t6Pray  sy6 te l r  used ln  the  UC-123 a t rc ra f t ,  ihe-c t i cu la t ing  sys te t !  l s  e f fec t l veln  keep ing  rhe  res ldua l  agent  (50  ga l )  rn ixed  
" i ; i - ; ;  

new f i l l  (900 ga t ) .

4. Hethods of Di.sposa 1

.b"9 l lg  and s to rage areas  sub jecr  to  concaEina t ion  by  ORAI€E by. :P : " l : , t  sp i l lage  s lay  be  t reared  hv  repeated  f lush lng  o f  a f fecred  areasrJ i rh  d iese l  fue l  and dra inage in to .se t t l lng  bas tns  o i  p l ts  fo r  incorpora_t ion  lu ro  so i l  Hhere  s r ic rob ia l  and/or  phot  Jdecor fo"  i  a  r " "  r l t l l  occur .  I fposs{b Ie ,  heav i l y  con taminated  so i l s  
" tou fa  

ie  J i .p_pf * r "a  to  eork  thecheo lca l  in ro  the  so i l  to  a ld  {n  subsequent  tuu in i ig ' "na  decoopos i t lon .

Used conta iners  and surp lus  quant l t ies  o f  ORAl icE shou ld  be  bur ledin  deep p l ts  a t  loca t ions  nhere  min in l l  n " r . .a . * r " t l  fo r  leach lng  , .n touater  supp l ies  o r  cu lc iva ted  c rop  areas .

Regular reho.ral of used contalners from loadlng areas should beprac t lced  to  avo ld  poss ib le  daEEge or  hazard  to  near ;y  sens i t l ve  c ropsby .concenr rared  vapors  o f  the  chemlca t  
" ;  

i ;p ; r ; ; - ; ; "  o f  rhe  eopry  con_ta iners  in  agr icu  l tu ra l  a rea6.

5 .  E f fec t l veness  as  a  Defo l lan t

OMNGE and ORAIiGE II are effective defollanls of forest vegetatl.or.under  cehperare  and r rop lca- l  condLr tons .  A"  
"y ; ; ; ; i ;  

herb ic ldes ,  rhe  co$_ponent  es te rs  o f  2 ,4 -D and 2 ,4 ,5 -T  cause death  o f  the  p lan t  u f th ,acconpany_lng de fo l iat lon.

ORAICE is  f l rs t  a  b roG.n inq  and d isco lo ra i ion  o f  rhe  fo l iage  v i th ln  a  per lodof  I  o r  2  neeks ,  Fo l iage o f  the  more  
" " " lopa i i f " " ip "c les  

u€y  tu rn  b r@rnrap ld ly  and lea f  d rop , r i l r  o " "u .  over  a  r le r iod  o f  1 ro  2  nonths .  u r idert rop ica l  cond i t ions .  l ra : ( ld r rn  Cefo l ia t ion  s lay  o" " , ra - . t  Z  to  3  Eonths  a f te rspray  app l icar ion  (see Secr ion  IV ,Br3) .  . f s 'ne tUt i iaa t  res  ponse cont i .nue; ,the  s te r ls  and branches d le  back  progress ive ly  f ; ; ; - ; ; .  i i p ,  acccmian j .cd  bydefo l ia r lon .  t lhen  on ly  par t ia l  k l l l  o f  rhe  ind iv lduo l  p l "n t  o " . t r . r ,re8rfrrth and netJ folia8e develop froo the eain stems and larger bta.,ches.

fn fo ru la t lon  on  the  degree and dura t lon  o f  de fo l la t lon  responsesf roE ORAISE ls  g lven  ln  Sec t lon  IVrBr3 .

Under  t rop ica l  fo res t  cond l t lons ,  sa t is fec to ry  leve ls  o f  de fo i la t ion!|ly p€rstst for 4 to 6 Eonths or more after which regiorttr and replaceqEntvegeta t ion  dEy nccess l ta te  recr :ea t rhent .
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l .  Phys ica l ,  Chemica l ,  and B lo log lca l  p roper t ies

ar  phys lca l  S ta te

-  Cacody l l c  ac id  (cechn ica l )  l s  a  co l .o r less ,  c rys ta l l tne  so l ld
u l th  a  ne l t lng  po in t  o f  2OO C.

BLIrE (Phytar 560c) is a l lqutd forEularlon of cacodylic actd
and l t s  sod lum sa I t .  I t  l s  a  redd lsh  or  b ro , rn tsh ,  f ree- f lo l r lng  l lqu id .

b .  So lub i  l i t y

Both cacodylic acid and the l iquid forloularion BLLIE are readllyso lub le  ln  na ter  and a lcoho l  bu t  inso lub le  in  d iese l  fue l  and o i l s .

c .  Vo la t {  l l t y

BLUE is nonvotati le. Cacodyllc acld and 1ts salt have extrerly
lotr vapor presEures.

d .  Cor ros lve  Ac t  lon

Cor ros{on  tes ts  r r i th  und i lu ted  BLLE shor , red  l i t t le  o r  no  e f fec ton  DEass , .  copper '  a lud inum.  and l rn  a f te r  an  exposure  o f  I  nonth .  s tee lshosed a rapid init ial reaction and Droderate coiroslon rrlth BLLE. Zlncwas the  leas t  res ls tan t  ne ta l ,  exh lb i t ing  a  ga lvan ic  reac t ion  ln  thecacody la te  so  lu t  lon .

e .  Other  Spec i f i c  p rop€r t  les

Freez lng  po lnE,  F
V lscos l ty ,  cen t ipo ises

A t 5 0 F
A t 7 5 F
A c 9 5 F

l.Jetghr , lb. /ga I
Liquid formu lat ion
Cacody l i c  ac id  equ iva  len t

Spec i f i c  g rav l ty
PH

f ,  B io  log ica  I  p roper t les

Be 1ow -22

1 9 . 9
1 1 . 0
9 . O

1 0 . 9
a l

1 . 3 1
6 . 7  t o  7 . 3

BLUE is  a  des iccant  o r  con tac t  herb ic lde  and causes  rap ldbrownlng  o f  fo l iage .  I t  shca .s  re la t i ve ly  l l t t le  t rans loca t lon  or  nover ien t
w i th in  the  p . lanc .  Fo l lage o f  b road- leaved vegetar ion  a f fec ted  by  BLtE oayabscise or shrivel and remain on the plant. G.."""" o,"y shc,r, rapid brorningand death  o f  top  gror . , th  bu !  regrqv th  o f  res is tan t  p€rennta l  spec ies ,  suchas  e lephant  g rass ,  may occur  l r i th in  l  to  2  nonths .  Defo l la t ion  o f  Loody



vegetatlcn by BLUE shows short-term effect, r.rith nar<{!|un effect at 2 to 6
weeks after treatnent. Repeat applications of BLIJE Day be requlred for
cont lnued vegeta t lon  cont ro l  o f  p€renn ia l  p rassea.

2. Toxlcology

Cacody l l c  ac ld  o r  d lue thy la r6 in ic  ac id ,  the  ac t lve  cooponent  o f
BLllE, contains arsenlc ln the lnnocuous pentav; lent state rather than thetox ic  t r i va len t  fo rn .  The-acute  ora l  tox ic iEy  (LD5J o f  cacody l l c  ac ld  in
rats is 1,400 og/kg for males and L,2gA ng/kg for i"enrales. For the fornula_tlon PhyEar 560G or BLUE containlng rhe acld and lts sodi.un 6alt, the acute
: : i . l  

. : * i " i : y . (9 :J_ ! : .  ra rs  t6  2 ,600 ng /kg ,  a  rox lc l ry  teve l  lov rer  rhant h a t  o f  a s p i r i n  ( 1 , 7 5 0  m g l k e ) . *

Cat r le  fed  24 .5  ng /kg  o f  cacody l i c  ac id  da i l y  in  a  6o_day feed lng
test shoqred no argenic in the uilk and no storage of arsenlc in the anlEal
body on a cumu latlve baois.

In tests !, ith fl6h, cambusia. shiner, and largernouth black bassrrere able to vlthstand concentrationl of cacodylic ."id of at least l0O ppn
for  72  hours ,  a  ra te  equ lvs len t  to  270 lb .  o f  a  cheur lca l  per  acre_ foo t  o i '
Hater .  I t  hay ,  thu6,  be  cons idered nontox ic  to  f l sh  and an i toa ls . rz

When BLTIE or  cacody l l c  ac id  ts  app l ted  d t rec t ty  to  so i l ,  the
chen ica l  t s  rap ld ly .  adsorbed and deac t tv i ied  by  the  so i l  cor lo lds  so  tha tnes crops can be planted during the same grosing season.

3. I iand l ing

BLUE aray be handled safely lr lch ordinary sanitary precautions lnavo ld ing  pro longed contac t  w l th  sk ln  o r  c lo th in ! .  CacoOyl lc  ac id  i s
read i l y  absorbed rh rough the  sk in i  p ro longed ab io rp t lon  E lay  lead to  a
d is t inc r  gar l i c  bdor  in  the  brearh .  Sp i i iage  shou id  ue  avo ided and
removed by  l lbera l  f lush lng  and r ins lng  r , r l th  c lear  water .

Sone d i f f i cu lcy  has  been encouncered v i rh  p rec ip l ta te  ln  the
coEEErc ia l  fomula t lon ,  Drurns  shou ld  be  checked to  ensure  tha t  p rec ip i_
ta le ,  i f  p resent ,  l s  no t  punped i .n to  a  sp lay  svs ten .

BLUE shou ld  no t  be  used- ln  a  spray  sys ten  e i rher  fo l lo l l lng  orpreceding WltfTE r.rithouc thoroughly f L,rshing th. t"nk and system with uater.A  mix tu re  o f  these t l ' o  agents  resu l ts  in  a  p rec ip i ta te  cons ts t lng  o f  tbe.  aod iuE sa lc  o f  2 .4 -D (a  componenr  o f  WHITE) .  f f  a  change 1n  agents  i s  eobe nade,  the  tanks  or  spray  sys tem shourd  be  f i l red  a t  reas t  h ;1 f  fu r l  ' t th
c lear !,rater and the system erhausted of l iquid before rne nev agent (BLUE
or WHITE) is added.

24

* Unpubllehed dara of rhe A"sut a;:;lG;;;;;; ![;;;;;
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4.  Hethods  o f  D isposa l

Equip,nent used for appllcation of BLTIE should be rhoroughly cleaned
Pr lo r  to  s to rage or  d isuse.  Severa l  f lush ings  o f  soapy  or  de tergent  r ra te rto uhich arrnonia has been added rrEy be used, follo&red by a clear rlnse.
For nost spray systems a ftnal rinse r.rith diesel fuel uray serve Eo prevent
rua t  o r  sed lnent  accumula t ion ,

- Excess spil lage of BLUE tn loading or storage areas should berenoved by tho.ough rrashing wrth crear waier and/or dilute a'monia.
Runof f  o r  vash water  conta in ing  d i lu red  BLUE shou ld ,  i f  poss tb le ,  bed iver ted  in to  p i rs  o r  se t t l ing  bas ins  fo r  incorpora i lon  in to  so l1 .  Thechen lca l  i s  rap id ly  adsorbed by  Eo i l  and deac t iva ted .

Used conta lhers  and res idua l  cheur ica l  shou ld  be  d isposed o f  byburia I whenever pos s ib le.

5. Effeccivene,ss as a Defollant

.  B iF  ls  p r imar l l y  a  des lccant  l , i th  l i t t le  o r  no  sys teo ic  herb lc ida lac t lon .  When app l led  to  b rJad- leaved,  woody,  o r  g rass  vegeta t ion ,  BLtEcauses a rapid broL'ning and desiccation, vith accompanytng shrlveitng
and absclssion of leaves on soure !,roody specles. rne alenl 

".y 
b;-;;;_

sidered a short-term defoliant or, ,ooiy vegetation r.rlth trlaxiltrurl defoliailon2  to  4  L 'eeks  a f te r  app l i ca t ion  (see Sect io i  IV ,B,3) .

6 .  E f fec t l veness  as  an  AnElc rop  Agebt

_  BLUE Ls  the  agent  o f  cho lce  fo r  des t ruc t ion  o f  cerea l  o r  g ra ln
crops . ( in  cont rasr  to  O&ANGE which  is  p r iEar i l y  e f fec t l ve  on  broad_ leaved
c r o p s , ,

Ear ly  r ro rk  a t  For t  Det r l ck  w i th  r l ce  sho l red  tha t  y ie ld  reduc t lonsof  70  to  91% v ,e te  ob ta ined by  a  s ing le  app l i car ion  a t  0 .25  lb .  cacodv l i cac id_per  ac le  a t  any  t id€  over  a  Z . ! - .on i t r  g rowth  per lod . ,  R ; . ; ; ;  ; : ; ; ;on  r l ce  L ' i t l r -sod iuE|  cacody la re  fo rou lac ion  iph ' - ta r  56Oc)  have shown coEp le tey ie ld  red lc t ion  ! , i th  app l l c . , ; ions  o f  I  Ib . /acr .  
" " "oay t i .  

ac id  on  p lan ts
in  the  vcgeta t lve  and f louer ing  s tages  o t  g rord th .

. .  Corn  and gra ln  sorghum are  cont ro l led  e f fec t i ve ly  t r t th  BLuE in  ear lygrowth  s tages  (12  to  18  lnches  h igh)  u i th  I  rb .  cacody t tc  ac id  p€r  acre ;
vheat  and oa ts  have shown complece y ie ld  reduc tLons  w i th  t  Ib .  cacody f icac id  per  acre  app l ied  as  BLUE in  the  la te  boot  s tage,  F i rs t  year  o r  p lan t
c rop  o f  sugarcane in  la te  season requ l red  5  to  IO lb .  cacody l i . c  ac id  peracre  fo r  e f fec t i ve  y ie ld  reduc t ion ;  in  r .a toon c rops  nore  than 24  lb . /acreare  requ l red , *  The chern ica l  ia  no t  reco ,uended f ; r  th {s  c rop  becausebet te r  agents  a re  ava l  lab  le ,

*  Dr .  R .C.  Bunker  and D.
cosrtrunlcaticn.
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C. WHTTE

UHITE is the code designatlon for Tordon l0l, a ltquld forroulatlon con-
ta ln ing  p lc  lo ra rn  (4 -aml .no-3 ,5 ,6 - ! r l chLoroptco l in ic  ac id )  and 2 ,4-D ln  rhe
forE of trl isopropano lamlne salts. ApproxltrEte cost ls $6.40/gal.

The conposltlon of t 'rHITE, based on uelght. of salt, ls: plcloraE, lO.2%;
2r4-D, 39.67". Based on r,reight of active lxgredient or acld, the composltlon
ls :  p lc lo ran ,  5 .77"  o r  O.54  lb . lga [  2 ,4 -D,  2L .27"  o r  2 .0  tb . /ga l .  The
reEaLltder consista of sater, wettlng agenc, and other {nert lngredlentg.

Piclorao or Tor(:on is a proprietary ltero produced by Do!, Cheolcal
CoEpany and i.6 ai 'ailable in other fornulations, inctuding: (1) Tordon 40,
a  l tqu id  conta ing  4  lb .  i sooc ty l  es te r  per  ga l lon ,  so lub le  ln  o l1 ,  lnEo lub Ie
ln water; (1i) Tordon lOK, an exEruded pellet containing 10% pic loran as
potassluB salti and (i l l) Eodi.fted OMr.rcE (Dord M-3393).

A.n experiEEnEal foroulaEion that has been proposed for te8ting contalns
a Elxture of plcloran ester, n-butyl esteE of 2r4-D, aad, n-butyl ester of
2 ,4 ,s -T .

1. Physlcal, CheELcal. and Blologlcal Propertles

a ,  Phys lca  1  S t3re

I|HITE (Tordon 10I) i6 a dark bronn, sonetr'haE viscous l lquld.

b ,  So lub t  l t t y

I,JHITE t6 Elscible in nater but lnsoluble ln dlesel fuel and
other oiIo. The trl isopropanolaEine forns of 2r4-D and plcloradl 1n WHITE
are boch readily soluble ln water, whereas the parent acid6 (2r4-D and
picloraE) are whlte crystall lne powders, soluble ln acetone and alcohol,
and ao[ie*rhaC soluble in certain olher organlc solvents.

c .  Vo la t i l l t y

UIIE is consldered nonvolatl le.
o f  6 ,16  x  10- /  u .o  o f  l tg  a r  35  C.

Plclorao has a vapor pressure

WHITE, because of the lou volati l i ty of lts actlve lngredlentE,
has been suggested as a substltute for OS.ANGE for defollatlon in areas
adjac4.rt to rubber plantatiolrs and sensitlve broad-leaved crops. l{c,rrever,
because of the htgh activity of the plc loraE conponent, extretr€ly sE|all
alounta can dabage Eengltive specles.

WHITE is scable and noderately resi.sgant to ultravlolet
radiation, Despite its eater base, the fornulatlon HITITE t6 flauEble
e l th  a  f lash  po in t  o f  35  C.



d. Corrosl\ ie Ac t ion

'T.IHITE 
ts noncorrosive on codrnon

apray equ l  pment,

e.  Other  S  pec i f l c  p roper t les

V lscos l ty ,  cen t  i  po lses
A t  I O C
A t 2 5 c
A r 3 8 c

Weight  o f  ac t i ve  i  ngred ien ts
(ac id  equtva  lenr )  ,  Ib ,  /ga l

Pic loraar
2 ,4_D

meta ls  and mater la ls  used in

t o  1 3 5
362
125
t >

2 . 0
f .  B iotogica i  proper t  1ea

WHIIE is a Elxture of tr2 ,4-D.  I t  ls  par t ia l ly  se lect ive l r

p ic loram, 
" r ; : : : . : i ; :T : ' ,? l !  

2 '4 .D-  are readi lv  absorbed bv the ror iase.
2,4-r  an i  ; l ' f ; ; - i l ; i ; , ; -h : : ; i " : ; : : l t  

absorbed bv the rooc svstem than are

. f  WHITE is  nore pers ls tent  in  so i ls
n as OMNGE and BLUE. Microbtal

and losses  f rom so i i s  occur
lodecompos iC lon .  A t  ra tes  used fo rq i l s  fo r  I  year  o r  more .

2 ,  Tox tco  logy

Toxtc t ry  da ta  have be . : :_ : : l legred  fo r  the  componencs  2 ,4_D andp ic lo ram and fo r  rhe  n ix rure  wHITE.  p ic to iam i " - " i i . l * . ry  f *  int o x i c i t y ;  t h e  L D r ,  f o r  a c u t e .  o r a l - t o x i c i f f  i r ' . " i " - i i . a ,  z o o  m g / k g ;  f o rsheep and ca t r le  i r  i s  488 to  650 ng /kg .  
- - : -  - "  "

For  Tordon I0 I ,  o r  WHITE,  the  acu te  o ra l  LD. .  f J r  ra ts  h . rs  beenrepor ted  as  3 ,080 ng /kq i  t . ) r  s i reep z ,ooo; -an i - i . . l i . i *  l , ru : .
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In  a  feed lng  tes t  on  ca t t le ,  97 , j2  o f  the  adn ln iE tered  p lc lo raur
l fas  recovered unchanged ln  the  ur ine ;  no  p lc lo ran  r ras  de tec ted  in  mi lk .ao , *

, Med1an tolerance lih{ts of f lsh ro Tordon 101 ranged frour 64 ppn
for fathead rnlnnow to 240 ppnr for brooL trout.

-  Tox ico log lca l  s tud les  conducted  by  Edgewood Ar8enaI  and Do lJ
Cheurlcal Conpany indlcate that a singlr, <iireci exposure Eo a spray of
wHrrE,  a t  p resc i lbed ra tes ,  eou ld  noa cons t r tu te  i  hazara  to  the  6k in  o ra  sys fen ic  hazard  by  inha lacron .

The  chemica l  i s  cons ide red  non tox i c  and
an ina l s ,  and  f i sh .

noe hazardous to humans,

3. l landling

- Only ordinaty precautlons are recommended for handllng WHITE, as
for  any  cornron  ag l i cu l tu ra l  chen ica l .  I t  may be  n l ld ly  i r r l t ; f ing  to  sk inand eyes  on  pro longed contac t .  Concamlnated  c lo th lng  shou ld  !e  w ished
before  reuse.  sp i l lage  on  the  skrn  shou ld  be  r lnsed 'w l th  c lear  va ter .

. - WHITE ls safe for per6oDne: and anlsEls on sprayed areas ac thetime of or following application. TJHITE oay be used in spray equlpnenc
fo l lo r ing  or  p reced ing  OMNGE.  as  d isc rssed I 'n  Sec t iqn  I I I ,A ,3 .

I.IHITE should be thoroughly fluihed and rinsed from spray systemspr lo r  ro  use  o f  agent  BLUE to  avo id  p r€c ip i taE ion  o f  the  res idu ; l  i r4_D,as  sod ium sa lc .  by  che sod ium cacody la te  o f  BLUE.  Tanks  and spray  iys teos
shou ld  be  thorough ly  f lushed w i th , . taa  b" foa .  a  change o f  agents  o r
an t  i c ipa ted  d isuse,

4 .  Hethods  o f  D i .sposa 1

-  _  _Load ing  and s to rage a teas  sub jec t  to  cheo lca l  sp l l lage  nay  bepartially decontaminated by -epeated r,rashing lrith auuonla q,ater and
f lush ing  w l rh  c lear  va ter ,  t .unof f  l ra te r  f ro rn  such f lush ing  opera t lons
shou ld  be  d iver ted  to  se t t l ing  bas ins  or  res t r i c ted  areas  no t  sub jec t  tooverf lor.r on cropland. picloram in WHITE is perslstent in spray equipnent
and.conta iners  o r  ln  so i l ,  thus  fu l l  decontan ina t ion  o f  equ ipnent  o r  a reassub jec t  to  sp i l lage  is  ex t rene ly  d l f f i cu l t .  A  v igorous  reg i rnen o f  soapand. i , ra . te r ,  a rmon ia  l ra te r ,  and c leanater  i inses  ind  fL ' l sh ings  1s  neee!s" ry .
Equ ipnent  used io r  HHITE shou ld  no t  be  used fo r  o ther  purposes  such asfer t i  l i z ing  or  app ly ing  insec t ic ides .

*  l . le lmer ,  J .T . ;  e t
use of WHITE as a
Unpub l l shed dara .

a1,  Septenber  1967,  Toxico logi . "1 s tudte i  ie  l . I l i i - ro
defo l iant .  U.S.  Arury Edgcwood Arsenal ,  Mary land.
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5.  E f fec t i vencss  as  a  Defo l ianc

WHITE and t ts  p r i r lu r ) ,  component  p lc lo ram are  se lec t lve  sys ten ic
: : : : : : t9 : : .  

rhey  are  e f  fec t i ve  p . i , . rp . i i y -o , , - i .o - . i_ r " "u"a  herbaceousp lanrs  and par t . i -cu la r lv  on  woody p lan ts  a t . re la i i r " i y  f * ,  ra tes  o f  app l l ca_tion. ltost grasses and uronoco t y le d".,or, 
" 

pf.r, i"-i iJ reststant to plcloraro.

Herb lc tda l  ac t ion  on  woody p lan ts  i s  re la t i ve ly  s lo ! r ,  and fu l l
f:i#f ::T"ffi'"H:,:::": ro. "",,"'ui ;;;.;; ;;;;;';pray applrcarlcn.
aero t ia t ion  ; ; " ; ; ; ; ; . ' "  

o re  suscept ib le  to  P ic lo ran  bue ex i r i l i t  a  de layed

6,  E f fec t l venes6 as  an  Ant lc rop  Agent

I  fo r  c rop  des t ruc t ion  due to  l t s
year or trore, Both plcloran and

,  a re  exCremely  e f fec t l ve  herb ic iCes
rC lons  o f  a6  l i t t le  as  O.O5 co  O.  10
:an t ia l  y ie ld  reduc t lons  o f  garden
I t9 ,  s r { ree t  po ta toes i  and o thers .2 r
l_cerea l  c rops ,  bu t  Ln  genera l  the
' i c lo ram and WHITE,  e  no tab le  excepr lon' W H I T E  a p p t i e d  a r  2 . 0  t b .  a c r i v e

D. CANDIDATE AGENTS

red as  cand ida te  agents  o r  have been
f ie  ld  cond i t ions .  Th is  g roup

) fo l ian t ;  b ro ldac i l  and Ta idex  as
grasses  and broad _  leaved vegeEat ion ;

L lapon,  suggesced fo r  g rass  i . r r . . i  
'

r lvar) and dluron (Kariex) are
: h a v e  b e e n  u s e d  f o r  g r a s s  a n d  t o t a l

I '  Modtfled ORANGE

The name Modif ied OMNGE has been given to a rnixture of ORAI|CE andi sooc t y l  es te r  o f  p i c l o ram,  p roposed  as  a  b road_spec t rum de fo l i an t ,

One  ga I l on  c f  Mod i f i ed -ORANGE con ta ins  I  l b .  o f  p i c l o ram asi s o o c t y l  e s t e r  a n d  3 .  t  l b .  res rers. An equiva renf ;i; rJ',.iil"-?"'li i;.rrii;..j_i;,:;rJr;;"il:!g.i.
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by b lend lng  one par t  o f  Tordon 40 ,  con la in lng  4  lb .  o f  p lc lo ram per  ga l ,
nlth three parts of oMNGE. The blendlng rEy be accomplished by puEtin;
the qixture through at least two recycles in a tank and puup syitero.
ApproxlEate cost ts 99.50/'ga 1.

Llgllted tests of ltodlfled oRAME under troplcal and teEperate
condltions have shcr.rn lt to control a broader spectruEr of specles Ehan
elther separate conponent, trlth a soEevhat Eore effectlve and longer-
lastlng defollatlon response rhan ORAI'IGE alone when applled at equlvalen!
3-ga l  vo ludes ,

2. Soi 1-Applied Herblcides

Soll-applied herbicides have bqen used extensivelv tn the tjs f-r
vegetation controL in industrtal areas, rai lway enbankarenie, rights-of-
say, and other areaa ehere coEplete vegetatlon control ls deslred. These
nateriala are partlcularly effectlve for the control of perennial grasscs
and should be considered for use on base camp perloetera, aine fields,
aEdrunLtlon atorage areas, and other sltes requlrlng control of grassei
and uoody vegetation. Soil-applied herblcides uny be ueed ln l iquld sprays
or as granular or pelleted fornulaclons, Most of the cheuicals are avall l
able as wettable pouders requiring retatieely large voluree of water and
agitatlon for t iquid Bpray application, The cheElcals are absorbed ehrough
the root. systeo and are dependent upon effectlve ralnfall and avallable
so l1  rao la tu re  fo r  ac t ion  in  vegeta t ion  cont ro l ,

a. BroEacl l

BroEacllt 5 -bromo-3-S3g-buty1-6-Dethy lurac 11, ls an odorlesa,
eh i te  c rys ta l l ine  do l id ,  so lub le  ln  water  (B15 pF, r t r  a t  25  C) ,  s tab le  non-
corrosiver and nonvolaci le-

Bromaci I is relatlvely nontoxlc to man, vildllfe, and flsh.
Acute oral LD5o for rats ls 51200 Eg/kg, It presents no hazard in handlins
except Elnor skln lrrltation on prolonged contact,

Avallable forrrulations include: lt lrvar X, g0Z. eettable powder;
Hyvar 10P, pellets containing l0% brodEctl; and Nalkil 48, l lquld foroula-
clon contalnlng 4 Lb./gaL brostacl l.

Experidenta ! gEanular fornulations conCaLning 857" actLve brornacll
havc been prepared for study by Fort Detrick, The baslc cherlcal, bronacll
(Hyvar ) ,  la  p roduced by  E. I .  du  Pont  de  Nernours  &  Co. ,  Inc .

Brodac i l  l s  one o f  the  oos t  e f fec t i ve  so l l -app l led  herb lc ides
suitable for control of perennlal grasses and r.roody plante, Under teEperate
cond l t ion8  bronac i l  a t  L2  to  25  lb . /ac te  g iver ,  e f fec t l ve  cont ro l  o f  Ep6t
perennial grasaes. Under tropical conditlons 3O lb./acre or nore uuv be
required for grasE 1:1d voody plant control.
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_ Wettable powder formulations such as Hywar X are s,,r:Jble
l : t l :1 f  

1 t r_ f " , .  g round spray ,appt tca t ion  a t  h igh  .16 tumes ( I0O ga1 lacreor !lore). Tank sprayers used for wettable povder suspenslons should be
:q : l lp :9  

t r l th  
- rnechantca t  ag i ta r ion .  Ava i  la i  le  l iq . r td '  to rm, r la t ions  o fo ro lu rc r  I  a re  des igned fo r  lnduscr ia l  use  tn  h tgh_vo lune sprays .  Aer la lspray  app l lcac ions  o f  chese l iqu ld  fo rmula t ion i  requ i re  a  rn ln ioum vo lu rEof  l0  ga l /acre  fo r  use  ra tes  o f  30  lb . /acre  o f  b roo iac l l ,  Approx lmate

c o 6 t  i 8  $ 5 . 7 0 l l b ,

b, Tandex

- - _Tandex, 
gl- (3, 3-dfElerhI 

lureido)phenyl.-tert 
_butylcarbaEEte,

(Niagara 11092), uranufacrured by Niagara Chedical Diviston of FMCcorpora t lon '  i s  a  wh i te  c rys ta l l ine  so t ra ,  re ta t i ver -  sorub le  rn  water(325 ppo a t  2 i  C) ,  s tab le ,  noncor ros ive ,  and nonvo la t l le .

Tandex is relatlvely nohtoxic co all forns of anisEl l i fe.Acute  ora l  LD 50 fo r  ra ts  l s  3 ,00b og lkg .  fc  f "  
"on f i i i t . t lng  

to  an lua lEand preaents no hazard in handting.

Available formulation6 include g07. rrettable porrder and162 granular forbu latton,

Tandex ls  a  new so i l  herb lc lde  capab le  o f  e f fec t i ve  concro lo f  perenn ia l  g raEses and broad- leaved herbaceous and woody p lan ts  a t  ra tesccdparable to those for broulacll. Unlike broEEcil, which ts absorbed onlyth rough the  roo t  sys tem,  Tandex ls  eq , ra f  ty  e f fec t i le  as  fo f iage sprays  orso i l  app l l ca t lons .  Under  teE ipera t l .  cond l t lons ,  app l i ca t ions  o f  15  to  25lb . /acre  o f  Tandex have g iven rong-cerm cont ro l  (1year )  o f  perenn la l
grass and other vegetatlon. InfoEoation from troplial areas ls inccE[plete,buc  Tandex appears  to  be  equ ivaren t  to  b ro 'ac i l  tn  ae f r .e  and dura . ion  o fvegeta t ion  cont ro l .  In  tes ts  to  da te ,  Tandex appears  to  cont ro l  a  g reacernu1be: -o f  b road- leaved p lan ts  than bronac i l .  , fppro* f r . t .  cos t  o f  gO%
net rab le  posde r  i s  $5 .75 l lb

c, Monuron (Te lvar)

1 ) -1 r  l -d ine thy lu rea ,  p roduced bv
1 s  a n  o d o r l e s s ,  c r y s r a l l i n e  s o l i d .
y  so lub le  ln  sarer  (230 ppo a t  25  C) ,
subJec t  to  n ln iha l  loss  bY

Honuron has lor., to,(iciEy. Acute oral LD5^ io rats is 31600 mg/kg.

Monuron has  been used fo r  se lec t i ve  weed cont ro l  a t  lo l ,  ra les(1  to  5  lb ' , /ac re)  and fo r  genera l  vegeta t ion  cont ro l  .a  ro  to  4g  lb . /acr -eor  nore .  Res ls tan t  perennr '_a l  g rasses  lu ry  requ i re  nore  than 50  Ib . /acreand add i t iona l  t rea tnents  fo r  long- te rn  
"on t .o t .
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ln general. broractl J", preferred to Epnuron for pcrennialg rdaa cont ro l  bccauae o f  , : "_ - tT : , i .  = i  u  
- "nJ  - r i i " ! r " . . . .  

av r t lab t l t ryln hcavy sotlE. Honuron lr
rrte! ara requrrcd .h"" i;t" f:itilrli]"toto 

bv clav 8oll8 and hlghcr uie

l{onuron la aultabl" only for grqund spray appltcatloll bccauscof  t t r .h lgh  uae requ l re rnr .  and ava l lab l l l t y  on ly  aa  a  r re t tab lG por jdcr .Approx lE f l re  coat  le  92 .65 /  lo .

d. Dluron (Rarcx)

Dluron or Karoex,.3- ( I,4 _o ich loropheny l) _ I, l-dlcchyiures,produced by  E. r .  du  ponr  de  Nercurs  6 .4 . , ; - ; ; ; . ; , i ;  a ' i  oaor resa  vhr tcc rys ta l l lne  Bo l ld ,  on ly  s l lghr ly  a"  f "u :e '  in l i t i " - iq i '  pp ,  ! t  25  C) ,  burread l l y  lo iub le  {n  acerone and organ lc  s " l ;€ ; ; ; : -  
. ' -

_ Dluron is slol lar to mnut(.n
and snllula. Acute oral LDrt to rat! ls

ln havlng lcrr toxtc(ty to Ean
3,400 oglks.

Dluron ls avallablc r! gol vettablr poeder (ICarElx) and arI(armx DL, I l lqutd forurlatlon conrainlng 2.g fi. of dluron/gel.

lq, 8olub{ltty, dturon has r long
ly  e l th  h lgh  ra tn fa l l .  I t  t6  € f i . c r lw
p lan t  conr ro l  a t  16  to  4g  lb , /acre .

or aelect{vc eecd control. It ls
Bnd aE g lralntenancc trcattrant

I t8  h tgh  doaape requ l reEent  l lh t ta  tho  feas tb l l t t y  o f  us lDgd luron  (n  a . r la l  app l l cd t ion .  Appror tua . .  
"o " t - i "  

i i .gSf f r .

3. Delapon (Kenapon)

D€lapon, 2,2-dlchloroproplontc acld, Ean!factured by Doi. ChcolcalCoopany.  ta  a  co lo r tesa  r rqu fa ,  f r fgh fy  
" " i " i f "  

i r -J i i " r  and a lcoho l ,  andread l ly  d rcoEposed by  so t l  bac tc r la .

Da lspon ia lor, ln toxtclty to Edn and tr{ldltfe. Acute oral LD.r torars  l s  7 ,57o to  9 '330 q /ks .  DaLpon 
" "v  " ; . ; ;  

- ; ; ; .ace  
6k tn  r r r i ta t ronon pro longed concac t  bur  p resenta  no  hana i tng  proUfer ,

DabpJn ls  ava t lab lc  ln  teo  pr tEary  fo rdr la t lona:  g5? sod luEaa l t ,  a  va ter -so lub le  p (pder ;  and d te thy iene g i " .o i - .=a" "  (Kenrpon l ,  aI tqu l ' t  fo rh r lq r lon  conta tn tng  5  lb .  aar ipon/g ; i :  
- - -  - '

Thq ltqutd f.rrcrlatl<m, Kcnspon, has been luggested by the Dq.Co&pany fo r  l i t l l ta ry  usc  fo r_cont ro l  o f  perennta l  g r i l "o " .  Da lapon hasboth  contac t  and eys lemtc  e f fecrs  and ; " ; ; ; ; -  ;  
- ; ;p i ; -des  

lcca t  lon  o f



/i'/

/i:

:9ry .Aah of  Braases.  SugBested rares of  appl icat ton are ZO to( . . ,Eo )  ga l /ac le)  u l th  repeat  t reatnants . - t  O_ueek ln tervalg orpn&Ee p€rioda to control regrcrth.

Kenapon ts a forrulatlon of dalapon Eultable for aerial appl{catlorat lcr volurEs. Both Kenapon and the sodtuli salt !r,1y be used ln groundspray  equ lpnrn t .  Approx l .a te  co ' ra  a re  s0 .63 l rb .  fo r  da lapon ana"ge. io /garfor Kena pon.

33

25 lb. /acre
at apPro-



34

IV. SELECTION AI{D TEST ryLUATION O-IJAXDIDATE AGEMS

A. CRTTERIA

In the selectlon of candidates and the developrent of lEproved defoliantagenta  and ays tems,  the  fo l low lng  c r l te r la  a re  recosn ized:

l) Broad speetruur of act(vlty

2) Raptd ln action

Defo l la t lon  ln  I  to  3  days  a f te r  app l i ca t to l r  l s  an  accepted
BoaI  fo r  inproved de fo l ianEs.  Cur ren t  de fo l ia i loo  

"g .n t "  
Ln  use  arepr ioar iLy  sys temic  herb tc rdes  and exh lb r t  a  deray  i , ,  a t ta lnent  o f  fu l l

defollatlon. WHITE is norably slqrer than ORAMi ln causlng defoliation
under  t rop ica l  ccnd i t {ons ,  

- In  con i fe rous  fo res t  v .egeta tLon (e .g , ,  Cansda)defol{atton ulth WHITE or piclorau is not fully achleved unttl -he grcrfn!
8ca8on fo l l ftr lng spray application.

3) Sultable for appllcailon vith alr or ground equlp@lt

Selected agents are preferably ltqulds lrlth hlgh colcentEatlons
of  ac t i ve- lngred len ts .  phy8 lca l .p roper t i " " -  o f  tne  agent  ;uch  as  v lacqs l ty ,
dens l ry ,  f las$ab l l l t y  and conpar tb i l l t y  wt th  so lvenc !  and coEponqnge qg  "
diaseElnatLon systehs 6hould perElt lou-volulE appllcatton of approprlatc
droplec or partlcle size at n|lnlo.al pressures froo ava{lable 

"pi.y 
aerrf..".

4) Nontoxlc to dan and antEals

In the search for neu or {nproved candldates, conpqrnds of
uroderate- toxicity ur,ry Le lncl.uded ln the lnit i3I screening p.og."r"
because hlghly protr| lslng candldates sv
Se lec ted  agents  shou ld  p re6ent  min iu la :
and a l l  fo roe  o f  f i sh  and u i ld l i fe  bor
app l lca t lon .  Pre ference ls  g lven  to  (
Lrithout tcxic or harsful resldues ln s

5) Stab ie ln atorage

Selected chenlcals should reur,aln atable under storage condlClons
ranglng froo freezlng tedperatures ro troplcal heat and hfgh fl isiafty.
Preference oay be given to concentrated Iiqulds that retaln flosable

o f  p lan ts ,  t  l th  eEphas is
foE a unlversal
and WHrIE, current ly
are notably ineffective

P lan ts .
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characteristlcs under a tride range of trl lperatures. Dry herblclde6 that
absorb $otature frou| the env{ronmenc are to be avolded. Horyever, extreEely
Bt&b le  chemica l6  res ls tan t  to  n ic rob la l  o r  hydro ly t l c  deconpos l t ion  on
contact rrlth the soil present dlaadvantages vhere a short-terlr responge
ts needed.

6) Effective ln lqr dosage 
,

Under optlnuE conditions, the selected defoltant agent should
be effective at Einfu0al dosage rates conslstent lr ith the requirerents for
adequatc vo luue coverage of the target vegetation. In geneial, the vo luEe
requlre;neDta for effeccive defoliarion [1ay be less for a grolrth regulator
or systenic herbicide ln coEparison ulth a contact herblclde or deiiccant.
Inttial screeninB prograEs eith seedllng plants utj. l lze dosage levels of
0 .  I  and 1 ,0  lb /acre  as  a  bas ls  fo r  se lec t ion  o f  acc lve  coopounds.

7) Noncorrosive

Selccted agent should preferably be noncolroEive to storage
contalnera, dlssemlna!ion systeds, and alrcraft or rnoblle equt paent used
ln appllcation, The cor.ros{ve action of an agenC sEy restrlct ita use or
requlre rlgld Balntenance sched,rle6 to rl inlEize daoaqe or deleterlous
effects on equlpEnC.

8) I.ou In cost

Cost 18 of secondary lmportance
lEnt  o f  agents .  E f fec t l venrss  and u t t l i t v
f116t  cong idera t  lon .

9) Readily aval lable or capable of lEnufacture

Se lec ted  agents  shou ld  be  pEoduc ib le  tn  la rge  quant l t les
a i r  acceptab  le  cos t .

B. SCREENING AND FIEI.D TESTIIG CAI{DI}ATE AGEMS

Fort Detr{ck has tested and evaluateC 26,000 chernlcal comDounds,
lncludlng every herbicide thar has been Berketed ln che Unlted States
as Uell ae rnany froE forelgn sources

A cont {nu lng  prograb o f  Eesearch  on  b io log ica l  ac t i v l t y  o f  chen lca ls
has ehotr. that Eleny cheEtlcal conpounds exh!bii growth reguiatlng, deslc:ant,
o r  herb lc lda l  ac t l v l t y  bu t  fev  sa t ls fy  rn l l l ta ry  agent  c r l te r ia ,  I to re  than
200 chen lca  ls  aEe no t '  Earke ied  comnerc ia l l y  as 'he ib lc ldes  fo r  agr lcu l tuEa l
and tndus t r la l  use .  These represent  se lec t ions  f ro ru  many thous inds  o f
chenlcalE lnveJtiBated by the cheEical lndustry and prtvate and governE€nt
research .

ln the selectlon and luprove-
of the agent should be glven
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At Fort Detrlck, cheEicals rrith knoun blologlcal actlvlty and newcandld6}-es are studied ln the-cont{nulng search fgr f inproved vegetatlon_control agenta. Recently, 7,000 nev chimtcels for testlng trere obtalnedfron lJalter Reed .Instltuie of Research.r,

-  In l t la l  sc roen lng  ls  conducted  on  seed l ing  p lancs  (7  days  o td )  o fa lx  ap€c le8 :  B lack  Va len t loats, and rrce. e.,. r,,". ioil'"li'lj;."11'illi;"liiltill,iilil;,l"lll.,
grouth-r€gu lat lng responses over a 2-ryeek perlod fioro follar spray appli-ca t lona a t  0 .  I  and I .0  lb . , /ac re .  Nuurer tca l  ra t lngs  app l led  ao 'u . "n  !p " " fa "on .a .4 -po tn t  sca le  as  no ,  s l tgh t ,  rnodera te ,  o "  

"uJ" .u ' ra "  
ponse6 g lve  atotal oaxlEun score of 24 ooints, Rarings of tn ttr."" principal agent6ln th{s prtuEry screenlng paogaar aaa as follqrs:

0 .  I  lb .  /ac re  1 .0  lb .  /ac re-

oRAlrCE 20
wHrtE t3
BLUE IO

20
20
2?

Both OMNGE and tl l [TE are lesa effecttve on grasaes than broad_leavedplants snd the ratlngs of 20 at I lb/acre ..ffe"E-ifre ffrftea respoises Jnoata  and r l ce  o f  the  s lx  p lan ts  {n  th ig  te6 t .

l l igh-rating cheuticals tn the prlnary screening test are subjected toan intenrcdlare screeni;rg for defoliation activit] on 14_day_oll thckVa len t lne  bean p lan ts  a t  O. l  end 1 .0  lb /acre .  B l l ck  Va len t tne  bean hasbeen se lec ted  as  a  tes t  p lan t  fo r  de fo l ia t ron  e f fec t  because o f  i t scharacteristic leaf abscisslon.- Typtcal responses of the three agentsLn th ia  sc reen ing  tes t  a re  as  fo l lo l rs :

O. I lb. Lacre 1 .0  lb . , /ac re

ORAfiGE Moderate deslccatlon Death at 10 days;

WHIIE Death at 14 aays,i
grouth reguluCor
e f fec ts

BLUE S llght des iccat ion

grosth regu lator effects

Death ar 14 days;
groirth regulator effect s

Death at 14 days

Candldate chenlcals shovlng hlgh actlvlty ln the Black Valentihe beandefo l ia t ion  screen then are  sub jec ted  co  eva lua t lq r  fo r  des lcca t lon  andherbtcldal respon6e on eight to lo lrood) 
"p""ia" 

u"a"i greenhouse condltlons.Specles used 1n this te6t at Fort fetrtck include: eastern heolock, Nonrayapruce, Chinese eln, black locrrgt, red Daple, pin oak, Callfornia pii,r"i, 
.

*  D lv ls ion  o f  Una t "  fna  i
I JaEh lngron,  D.C.
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Scotch  p lne ,  p l t tosporuE,  and euca lyp tus .  Fo l la r  sprays  are  app i led  to
2-  to  3 -year -o ld  seed l lng  p lan ts  a t  ra tes  o f  l ,  5 ,  ind  10  lb . /acre  o f
ectlve lngredlenc or acid equlvalent. In the case of ORAIEE, IIHITE, and
BLUE, applicatlon ratea are based on uelght of acrd equivalent rather than
the total eater or salt tn whlch the che;lcal is forntrlatea. Representatr.ve
data for these three agents on the number of sp€cles (of a total of lO)
shoning exrreue deslccatton or ktl l  and defoll i t lon .i lO, eO, and 90 iays
f o I lc'n:

OMNGE WHITE BLI'E

I{DDeaicca tlon

5r0 r :10

l l r D 2 5 7

I

Ki l l  and  de fo  l ia t ion
3O daye 3 3 3 2 4 S I 1 I
60 days I I ND 2 | 3 ND tD ND
90 days I ND 3 I 1 I ND ND ND

The prlEBry reaponsea of Op-qNGE and WIIITE as herblcldes and that of
BLIIE a8 a deslccant are evident in these rating6.

Follor.rlng inlt lal laboratory and greenhouae screenlng prograEs,
bhen lca ls  se lec ted  as  po ten t ia l  an t lc ;op  agents  a re  su5 j ;c ted- to  f ie ld
acreening and testing on several qlajor crop species. proEtsing defoliants
and heiblcides are evaluated in a serles of ffefa tests otl native vegeta-
tion at CONUS and OCONUS sltes Eepreseflt lng varlous temperate and t.ropical
p lan t  type8.

l. Fleld Testa of Cheurlcals on Crops

Evaluatlons of chenlcals on 6peclflc crops are nrade ln replicated
tes ts  a t  th ree  dosage ra tes-us lng  a  logar l thn lc  ip .aya .  o ,  knapsack  sprayeE.
Seasonal reslronses are obtained by treitoent 

"t 
tro La three siages oi 

-

g rqr th .  E f fec th 'e  ra tes  o f  app l i ca t ion  fo r  con t ro l  o f  se lec ted  c rops  by
the  s tandard  and cand ida te  agents  l i s ted  in  Sec t lon  I I I  a re  as  fo l lo l rs :
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Rl ce.
Tandex
Bromacl I
BLUE
Dluron

IJlreat (nlnte r)
IIHITE
Plc loraE es ter
BrorEcl I
Tand€x
DLUA

Suqarcane
Broroac i I
Tandex

Corn
BLUE
Da lepon
Brooacl I
Tandex
Dluron

Rate. lb. /acre

0 . 5  r o  I
O . 5  t o  I
2 t o 4

Pota toes
Plcloran ester
I.JHITE
ORANGE

Sovbeans
Plcloran es ter
!,HITH
ORANGE
Tandex
lrooac 1l

Cas torbeans
Ptcloraa ester
ORANGE
I{HITE

Manloc
I.'HITE
Plc loraE ester
ORANGE

Rate, lb. /acre

c .5
I
4 t o 8

o . 2 5
o . 2 5
0 . 5  r o  1
I  r o  2
I  t o  2

0 . 5
0 . 5
I

o . 2
o . 5

2 t o 4
2 t o 4
2 t o 4
2 L o 4
2 t o 4

I t o 2
2 t o 4

4 t o 6
4 t o 8

5 r o 1 5
5 t o 1 5

2.  F ie ld  ?es ts  o f  Defo l ian ts

trre torro.rrngl? 
Defollatlon on degree of canopy reoovar by one or nore of

( l )  v lsua l  ea t lDates  o f  overa l l  de fo l ia t ion ;  ( l t )  es t l_Eatee  o f  de fo l ia t ion  based on  repeated  
"U" . . r r .a io i -o i " i .nd lv ldua l  Earkedprants of tuporranr 

"0""r.*,i,"1:!1:"_ 0". 
"-r"i-iJ""r#.0 ,o. the vegeta-Eron type or rest site; (i l i) percentag" ."a.r" t io.,-,,- ivert ica I



39

obscura t lon  as  de tern ined bv  repe.1 ted  ver t i c . r l  pho toeraphs  3 t  per_ane! . ! tphoto  s ta t iona;  ( tv )  percentage lncrease tn  t . , . i zo . t . - i  v ls lb , l l i t v  based _on changes ln  obscr r r i t ion  o f  ta rge ts  a t  se lec ted  d is tances  f ron  a  cent ra lobserva t lon  po in t ;  and (v )  aer ta i  photography  u i th  co io r  o r  canouf lage
detec t lon  f l  lm.

2)  Des icca t lon  or  contac t  ln ju ry  f roD v {suaI  overa l l  o rlndividual s pe.Gi?iffi.

. -3) Plant kil l , based on overall visual estinates or compositedapecies rating6 fro$ sanpled lndividuals.

Defollatlon and desiccation nay be evaltared
deCerDine percentage and duratlon of reaponse. pladt
ehould be Eade afc€r one complete ga-rtng 

"aa"on 
h""-

treatnent.

3. Paraneters for Effectlve DefollaEion

Avallable data froE aerial applicatlon tests at several CONUS andOcoNus locarlona are preaented in th;-followlng ;;; i"" to lt lustrate theeffectE of varlables E:,ch aa vegetation type, ieget.tror, gEructure, rate,and season of applicarr 1 of agmt cn def;i i ;r lo; ,."oon"..

a. Rate of Applicat ioir

appllcarlons of ORANGE and WHITE
efo l lac ion  (Tab les  l ,  2 ,  and 3) ,
O Eo 6.0 gaL/acre sholred lncreased
catlon. Under tenperate zone condl_
ves effective long-term defo l lat ion

Increaslng the rate of appllcatlon of Br.l. lE tn excess of 9 toLz  Lo . tac te  d ld  no t  apprec iab ly  lnc rease the  e- f f i c iency  o f  de fo l la t ion(Tab le  5 ) .

b. Season of Applicatton

Tests of OFANCE and its predecessor FuRpLE in Thailand shoqedthat applicatlons sere nore-effective dur:ing tfr" .ai"y or grotrlng seasonthan ln  the  dry  season (Tab ie  2 ) .  e  h fgher " ra re  o i - . ip f i . "a ion  i . , "y  [ r f i . i f yco lnpensate  fo r  the  d i f fe r :ence ln  seasor , r l  respcnse.  in  the  saore  tes is ,cacodylic acid or BLUE shqred no difference in aefottacion with season ofapp l lca t ion .

periodica.l ly ro
ki 11 deternlnations

eLapsed follosing

' - -*-*€@t.&,|: .1G,
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TABI.E I. DEFOLIATION RESPONSES FROH ORAI,IGE
IN TROPICAL TOREST SITESA3

Ircatlon and Rate tn gal/acre t=*3@,l#i*%r*#ni#
Loqull lo, Puerto R{co:

troplcal raln forest
1 . 5
3 . 0
6 . O

3 . O

Hl10, I lavaLl:
ohia, tree fern forest

3

Kauai, Hava 11:
ohia, guava, java pluto

3

Thal land:
dry evergreen foreat

J

3

3

September 1964 Applicat I on
40 60 45 32

December 1964 Applicat io!

57

5 2  5 2  3 7

IIVTERPRE.TATIoN oF TABLE T: Ii@
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TABI^E 2. DEFOLIAM EFFECTIVENESS OF OMNGEg/ IN TROPICAL FOREST
VEGETATION AS RETATED TO P'A.TE, SEASON OF FppLrcATION,

AND DENSITY OF FOREST CANOPYg/

Maxlrnurn Defo l iatlon. %
Ralnv  Season ApDl lca t lon  Drv  Season AppL lca t lon

Spray  Depos l t ,
gal/acre SiDg le Mu It iple Slngle Mu lltp le

ca-qg.py,-- canopv

3 , 0
z . )
2 . O

1 . 0

88
7 9

7 6
7 6

a2
7L
64

5 2

67
o l
54
48
4 2

7 5
66
59
5 2
49

IMERPRETATION OF TABLE 2-M
under  a l l  cond i t lons  a t  the  h igher  ra tes  o f  a i ip l l caE loh  o f  2 .5  to
3-o  gaL/ac te .  ( i i )  c reares t  de fo l ta t ion  o" "u i i  in  veseta t lon
types lrith a l ight or moderate denElty typical of a single
canopy. Multiple layers of canopy foliage interf,:re wlih penetra-
tion of splay to lfrrer vegetatlon. (i i i j  Treatment during the
dry season reduces the maxlmun response dspectally at the l lghter
dosage ra tes ,  As  a  sys temic  herb lc ide ,  ORA! , l cE is -more  e f fec t tve
during periods of active vegetative grrrrth. (iv) the data Eay
a lso- ind ica te  tha t  g rea tes t  overa l l  t f fec ts  nEy be  ob ta lned f roE
two l-gal/acre treatEents, r.rith the second at ihe peak of
de fo l la t ion  f ron  the  f i rs t  app l l ca t lon .

a, Tests lncluded oMNGE and its predecessor pURpLE.
b .  Data  baaed on  OCONUS defo l ta t ion  tes ts  in  Tha l land. la

TABLE 3. DEFOLIATION EF?ECTTVENE JS
OF PUERTO RICO AS RIIATED

OF ORANGE IN TROPICAL MIN FOREST
TO RATE OF APPLICATION3s

Loca t i on  and  Ra te  i n  ga l / ac re
D e f o l i a r i o n  a t  p e r i o d  I n d l c a t e d ,  %

I r t t o  3 m o  6 m o  l v r

Luqui l lo  Nat ional  Foresc,  Apr l I  1966

3 . 0
6 . 0

6 L 65
7 9
9 1

6 6
7 I

3 8
5 5
6 1

IMERPRETATION OF TABLE 3:
month  a f re r  app l i ca t ion  a t  a l1  ra tes .  ( l l )  Inc reas ing  the  ra te  o f  app l l ca_
t ion  gave h igher  ra tes  o f  de fo l ia t lon ,  Ho l rever ,  cver  che per iod  o f  eva lua_
t ion ,  t le  lnc reased de fo l la t l cn  a t  6 .0  ga l /acre  was nor  p ropor t lona l  to  thelncrease in  cos t  and log is t i cs  burden compared l r l ch  the  3 .0  ga l /acre  ra te .
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TAbiI.E 4. REPRESEMATWE
I,TTH ORANG5 A\D

ON DEFOLIATION AND VECETATION COIITROL
ONE YEAR AFTER T REAI]ITEI{Tg/

DATA
WHITE

IFcatlon and Vege tat:i,on ?ype
Veeeta t lon  Cont ro l  a t  1  year .  %

ORANGE I{UITE

Nert Brunsulck, Canada,
b l rch ,  Eap le ,  espen,

F lo r lda ,  1967:
Dater oak, Eagno lla,

Georg la ,  1967:
bluejack, turkey, and

1967 z
spruce,  f l r

sweet guE, hol ly

Post oaks

5 1 8 2

7 2

8 2

Arkanaas, 1967:
post oak, hickory, wlnged e lo

Kaua l ,  Hawal l ,  1957:
ohia, uElastoroa, lantana, guava

Thal tand, 1964:
troplcal dry evergreen forest

54

> I

63,  70

c l
)b-

36!l 7N
IMERPRETATION Of TABLE 4: (t) In borh renperare and troplcal forests,
appllcatlons of CMNGE and WHITE at 3 gal/acre do not provlde for eqa_
p le te  de fo l la t ion  a t  I  year  fo l lo r , l lng  app l tca t fon .  ( l i )  U I I ITE appears
to be more effectlve than ORAI,iGE 1n defollatlon on a lqng-terd basls.
Holrever, peak defollatlon frorn I,IHITE develops r..rch later than that
fron ORANGE a ppllcat lon,

a .  App l lcar lons  a t  3  ga l lac re ,
b .  No da ta .
c .  Evs lua t ion  a t  9  rnonths .
d, Appllcatlon of oRANGE at 2,5 gal/a.cte; WHITE appllcarlon consiEted of

2 ,3  lb . /acre  o f  p ic  lo rad  *  5 .3  lb , /acre  o t  2 r4-D (p lc lo ran  equ lva le r t
to  4 .6  eaL/acre  o f  WHITE ) .
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TABI.E 5. DUMTION OF DEFOLIATION OF TROPICAL V'GETATION
I.IITH ANRIALLY APPLIED BLUT4/

l ,oca t ion ,  Sp€c les ,  and Rate  in  1b . /acre

Defo  l ia t ion ,  %,
at Indicated Davs after TreatmenE

7 L4 30 60 180

Ias  Mar las ,  Puer to  R lco ,  1967:
seE|l-evergreen foreat

t 2

Kaua i ,  Ha l ra i i ,  1967:
gauva, ohia, Java plum, staghorn fern

9
t 2
15

Italland, L964-1965:
t rop lca l  d ry  evergreen fo res t

3 . 4
6 . 0

57

5 1

5 7

7 05 1 60

5 2  3 7
6 5  4 3

4 5

2+/,
zet.
2er

1 5
25

37
40
40

15
30

4 5
) o
5 6

4 2
5 5

54

59

IMERPRETATIoN 0F TABLE 5: (i) Maxirnrm defoliatlon of tropical vege-
tac ion  occurs  a t  2  to  4  weeks  a fcer  app l i ca t ion  o f  BLUE.  ( f i )  BLUE
causes  shor t - te rq l  de fo l la t ion .  Subs tan t ia l  regrord th  occurs  by  50  days
or  la te r  as  sho$n by  rnarked reduc t lons  in  de fo t ia t ion  ra t ings  a t  4  to  6
rnonths. BLttE act6 as a desiccant rather than a systemlc herbictde aB
ORANGE and I,JHITE,

a. Rate of 9 1b. r 'acre ls equlvalent Eo 3 Eal/acte of Bl,LtE or Phytar 560G.
b .  A t  120 rnonths ,

c .  S ing le -  Versu6 Mul t ip le -Canopy Vegeta t ion

St ruc ture  o f  vegecat lon  in f luences  the  degree o f  coverage and
penet ra t ion  o f  spray  depos i t  ln  aer ia l  app l i ca t ion .  Data  on  de fo l la t lon
response in single and nultlple canopy ln Table 2 show that sor.ewhat
grea ter  de fo l la t ion  was ob ta ined in  fo res t  l ypes  l r i th  a  s ing le  versus
qru It ip Ie canopy,

In  t r lu l t ip le -canopy vegeta t ion ,  repeat  spray  app l ica t ion
mai  be  requ l red  to  oL ia ln  adequate  de fo l ia t ion  o f  deDse undergrdJ th
a f te r  the  upper  fo l iaBe canopy has  been reduced f ron  the  in l t la l  spray
t rea tment .



. / ' 44

d. VcgGtstton Typa rnd Specic6 Co6|posltlon

Over r  I  I  da fo l t r t lon  rcs [x
coEpost t lon  dnd t  - r *po  o f  ve8erJ t ion .
o r  a u s c e p : l b l  l l t y  t o  t h c  s v 8 t G s l C  h e r
tonE- te rm C f  fec t  l vc r re ls  o f  dc io l ian t
Propor t ion  o f  .e r l l ran t  spec les  ln  th

I Jtpp.rr! to rcspond rorErrhat bctter
ca l  ve8cra . ; ton  (T .1b l .  4 ) .  e  no t i i i "
ne teo aqenta ORAI(:E anC HIIITE ls ln
erprccn typ€s to picloraE or uHfTE

pclrn {s iatch Erorc sulceptlble Go
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V. AERIAL DELWERY SYSTE}IS

A. C- rz3lrc- r S PRAY SYSTEII

Tte flrst sproy systeo eoployed ln VletnsE by the USAF sas dcvelopcd
s t  I rnB ley  AFB,  V t r8 ln ia ,  fo r  d lsseEtnat lon  o f  l l ,qu td  lnsec t lc ldos .  Ths
ays tc6  cons la ted  o f  the  Fat rch l Id  C-123 a l rc rs f t ,  the  bod l f ted  l l c - l
(Hourg lass)  apray  dev ice  (1 ,00O-ga l  tank ,  I0 -hp  gaso l ine  en8tne ,  puop,
and ptplnB) Hlth 6prcy booba on eech vlng extendlhS froo the r| lng tlp
to  the  ourbosrd  engtne  nace l l c .  Each spray  booo vaa 1 .5  lnches  tn
d ls rEter  and conta lned 42  tee je t  r ,ozz lea .  The sye teo  t ,as  capab le  o f
sPraying PURPLE at I rate adequate ro deposit I gal a8ent pcr scre.
Sub8equent to use of the lysteb, rhc OSD/ARPA cvaluatlon teau Eade a
aer lea  o f  reco !@ndac iona tha t  Inc tudcd:13

l) Hodffy the spray aystetr to provld" for deposlt of 1.5 gal/acre
ln a 8pr!y havtng a HHD of 3O0 g.

2) Apply 3 Bal of PIJRPLE p.r acre on upland forest tsrgcts
( tuo  paaacs  r t  1 .5  ga  L /acre  each) .

3 )  Deve lop  a  sys ten  capeb le  o f  depos l t lng  3  ga l /acre  on  ta rBet .

l. Hodlftcstlon and Ca llbrar lon

DurlnF the spllng of 1962, ARPA sponsored a test and evaluatLon
pro8ra [ l  on  var loua lp iay  conf lgura t lons  o f  the  C-123/ t {C- l  sys tea  as  ve l l
aa  eork  on  the  USN HIDAL (H,e l l cop ter ,  In6ec t lc ldc  D lspersa l  Appara tus ,
L lqu ld )  spray  dev lce .a .  l te  second,  l la jo r  Epd i f tca t lon  o f  the  C- lB l rc - l
ays tem vas  tes ted  and eva lua ted  a t  Eg l ln  AFB,  F lo r tda ,  tn  1963 (F tg .  2 ) ,
Concur ren t lv .  addt t lona l  s tud les  ecEe accoElp l l shed on  the  HIDAL sys te@ and
on a  pro to type USN FIDAL (F lxed- t l ing ,  Insec t lc lde  Dtsp€rBa l  Appara tus ,
L tqu td) . "6  The resu l ts  o f  the  1962 spra : i  t r la ls  sere  eva lua ted  and a
conf lgur - ] l t ton  eas  descr lbed tha t  uou ld  p roduce an  e f fec t tve  sva th  o f
approx lha te ly  3OO fee t  e lch  a  depcs l t  o f  1 .5  ga I  PURPLE per  acre  ln  a
spray  hav tn8  an  lS lD o f  293 p  ( re leese a l t l rude l5O fee t ;  a l rsp€ed 130
knots ) .  The tes t tng  dur lng  1963 nas  on  ex tens ion  o f  che  1962 e f fo r t  on
var lous  hod l f l ca t lons  o f  the  C- I23 / !C- l  sys teo  to  3ch leve  3  ga l /acre
depost ts  o f  P i ,RPLE,  l ta jo r  changes lD  the  tes t  sys ten  inc luded:  teo
20- l rp  eng lne-pudrp  coErb ina t lons  pcr  unLt  as  the  porer  source ;  an  sdded ta t l
booo;  a l l  ne l r  6p tay  boorns  3  lnches  tn  d ia lE ter .  A  to ta l  o f  I I0  t - lnch
check  va ! .ves  L 'e re  ln6 ta l led  ln  the  th ree  booos,  Ear ly  in  the  tes t  p ro-
gran the 3-inch ulng boorns proved to be un6atlsfaccory and r.rere replaced
v l th  booda 1 ,5  lncheg ln  d la rDeter .  Conc lus lons  f roE che resu l ts  o f  the
tes ta  sere :

l )  Three-ga1/acre  depos lcs  can be  ach leved on  sEa ihs  240 fee t
t j lde  ehen spray(ng  a :  an  a l rspeed o f  130 knots  a t  150- fooc  a lLL tude.
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FIGI,RE 2. ttc-1238 Alrcraft t'lth ltr-I Spray Syrt.o rs Uodt flcd tn thc 1963
EBIttr A!8 Callbrattotr Trl !  la.
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,2) Two 20-hp pumps are needed to achleve a requlred flcr rate
of 430 gallnln of PURPLE.

3) Uslng only the Hlng booms, 2 gal/acre ls the oaxlnrru
prac t ica l  depos l t  poss lb le ;  us ing  a I l  booEs,  3 -ga l  depos l ts  l |ay  bc
obta lned.

The recouEendat lons lncluded replaceEEnt o: the lo-hp englnes ln thc
operat lona I systeuE $ith the Eore versati le 2o-hp uuits.

After conpletlon of these trlals, nuErous changes uer€ s€de in
the  spray  sys tern .  bu t  no  add i t ion i l  ca l i6 ra t ion  s tud les  \ re re  accoop l { r 'oed
unr i  I  1968.

2. A/A45Y-l Interna I Defollant Dtspenscr

The USAF deve loFnent and adoprion of rhe A/A45y-l Internal Defoltanr
Dlspenser repreaents a !| ir jor step ln the evolution of the defoliant systeD
and 18 the unlt currently in use by RAmH HA-\D (Ffg. 3). Tte A/M5y-l
defollant dl6penser is a modular spray systeEt for internal carrtage ln
carso aircraft. The nodule consists of a I,OOO-Bal tank, putip, and engl,nc
(20 hp) lpunted on a fra.ne paller. An operatorra coneole is in irrtegril
par t  o f  the  un l t  bu t  l s  no t  rEounted  on  the  t r l l l e t .  The C-123 a i l c ra f t
has ulng booos 1.5 lnches ln diafteter and 22 feet IonB extending fron the
outboard engine nacelles rorard the !, lng tips. A short tatl booo 3 lnches
ln  d taneter  {s  pos i t ioned cent ra l l y  near  the  a f t  cargo  door .  There  €re
16 nozzles on eech ulng boon and eight on the tatl boorn. The nozzles Ere
check  va lve  bod les  t ' l th  3 /8 - inch  or i f l ces  (no  nozz le  t ips ) .  The sys teE ls
capab le  o f  Epray ing  a t  the  ra re  o f  275 ga l /E in .  whtch  when re leased a t  150
fee t  e l t i tude  a t  I30  knors  a i rspeed t . ' i t l  p roduce a  sLath  240 iee t  w lde  w l th
a slean deposlt of 3 gal/acre in a coarse spray havlng an i. l l{D of 320 to 350 s.
Spray lng  t i t rE  ls  approx ina te ly  3 .5  Eo 4  n inu tes ,  gh tch  ls  adequate  co
d i ,spense 950 ga l  o f  chemica l  on  a  l lne  about  S .7  s ta tu te  n l les  (  1 .4  !o )
in  length ,  In  o rder  to  ech leve  pr€d ic tab le  depos i ts ,  l t  Ls  reco [Eoended
tha t  the  mlss lons  be  conducted  under  invers lon  to  ncu t ra l  tem?era ture
s i tuacLons and ca l tn  v lnd  cond i t lons .

HIDAL

In  1961.  uhen tes t lng  ln  v ie tnaBr  uas  proposed.  thc  USN HIDAL ( res  the
on ly  known n i l i cary  spray  sys ten  su f tab le  fo r  use  oD the  H-19 and l i -3 t r
he l l copcers  (F lg .  4 ) ,  rhen be ing  used by  che V ie tnanese A i r  Force  (miA.F) .
The un l t  had been des igned and bu i ' t  by  the  D lsease Vector  Cont ro l
Center .  Nava l  . r r r  S tac ion ,  Jacksonr , { l le ,  F lo r ida ,  fo r  d lsseEina t ion  o f
aqueous ao luc ions  o f  lnsec t ic ides .  One such un i t  l Jas  ob ta ined and l ras
the  f l rs t  spray  ays tem put  ln to  opera t ion  in  V ie tnam.  Ia te r ,  a  to ta l  o f
8 lx  HIDAL un l ts  uere  made opera t ioDn l ,  The dev ice  cons ls ts  o f  a  200-ga l
cy l indr ica l  f iber  g lass  tank  tha t  i s  pos i t loned ins lde  the  csbLnt  3n
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t

FICLXE 3. t tc-123K Atrcraft ulth A/A45Y-1 Internsl Defol lant Dlrpen6eE

Us.d for Defotlst lon l tr  RVN tn 1968 to 1959.
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e lec t r tca l l y  d r iven ,  pos l t i ve  d lsp lacemenc pudp capab le  o f  de l l ver lng
25 gallmin, and two spray boorns 25 feet long that exrend out and back from
the fuse lage in  a  de l ra  des ign .  Each boon r las  equ ipped s t th  21  spray lnB
sys terns  tee je t  nozz les  capab le  o f  de l l ver ing  0 .6  ga  l / ru tn  o f  ua ter  a t  40
psi punp preasurc. Dur{ng use, a nurnbcr of defic{encies uere Erarde apparent
and severa l  cornponenEs fa l led  or  $a l func t loned.  Equ lp@nt  Eod i f i ca t lons
were  accompl ished by  MS,  Jacksonv l l le ,  and rhe  nod l f led  un l t  uas  tes ted
dur ing  1962 to  1963,  The re l iab l l i t y  o f  the  sys ten  uas  ioproved and che
test results shos: spraylng PURPLE, the unit can develop sprays nlth an
MMD of  365 E in  swaths  o f  190.  160,  and 150 feer  l r lde  w i th  deDos i rs  o f
0 .5 .  1 .0 ,  and 1 ,5  ga l /acre ,  respecc ive ly ,  uhen f  lown ins lnd  a i  55  knots
a t  an  a l l i tude  o f  100 fee t .z6  Exrens lve  use  o f  the  sys teo  by  ' IMF r ras
I to i led  by  the i r  inab i t i t y  to  rE in ta in  the  un i ts  tn  an  oPerab le  cond l t lon .

C. SELECTIVE AERIAL SPRAY SYSTEM

Troop un l ts  ln  V ie tnam were  qu lck  to  recogn lze  the  use fu lness  o f  the
vegeta t {on-cont ro l  agents  f  o r  ma in ta in lng  vegeta t {on- f ree  per ine ter
de fenses ,  he l l cop ter  Land ing  s i res ,  and desr ruc t ion  o f  V ie t  Cong (VC)
garden p lo t .s .  These areas  uere  cons ldered to  be  too  sEa l l  to  jus t l f y  the
use of che MNCH EA.ND systens; further, the fteld unlts felt a need to have
the i r  own spray  capab i l i t ies ,  A  number  o f  je r ry - r lgged spray  dev lces  fo r
use  [n  he l i cop ters  eere  assenb led  and used.  One such un i t  (SASS)  was
described in a letter from the Army Concept TeaE in VietnaB (ACTIV) to
s ix  a i rmob i le  un i ts .  The sysCen vas  s iu rp ly  cons t ruc ted  v ! th  codponents
ava l lab le  in  the  f ie ld  and cons is ted  o f  a  55-ga1 drum,  a  p ressure  un l t
from a portable flame throner, connectlng hoses, and a length of pipe
e l th  d r i l l ed  ho les  as  a  sprav  boon,  The un l t  cou ld  be  ins ta l led  eas l l y
tn  the  UH-18 or  UH-LD he l i cop ters  wt thour  Eod i f i ca t ion  to  the  aLrc ra f t .
The spray  boom was t ied  to  the  rear  sk ld  s t ru ts .  The un l t  per fo rEd
satisfactorl ly and was recoutrrEnded for lnterim use. Anochgr such systeo
cons is ted  o f  two 55-ga l  d rums ! 'e lded toBether  end- to -end;  a  f rane was
af f i xed  to  the  bo tcon fo r  t ie -doL 'n ;  Ia rge  (6  to  8  lnches)  open tubes
fas tened to  the  top  on  each end o f  the  tank  were  ang led  ou t  o f  the  he l i -
cop ter  doors  ln to  the  a i rs t reaE and served as  ran  a i r  o r i f i c -s  to  coop leoent
grav i ty  f low o f  the  chen ica l  th rough the  spray  boom t ied  to  the  sk iCs ,
One o ther  un i t  u t l l l zes  a  400-ga1 eng lne  sh ipp ing  conta iner  {n  a  C i l -47
he l lcop ter  and a  long boom fas tened to  the  ou ter  edge o f  the  a f t  cargo
door ;  f  lo r , r  o f  agent  l s  by  g rav i ty  feed.  Each o f  rhese un i ts  has  sa t is f led
a  need fo .  a  snEI l  spray  dev ice  fo r  use  in  ava l lab le  a i rc ra f t .  The . {CTIV
le t te r  a lso  descr ibed the  AGRINAUI ICS ( then AGAVENCO) spray  un i ts  rha t

Fere  be ing  uscd fo r  nosqu i to  cont rc l  in  V ie tnan and recoE!$ended tha i  a rch
a syscen be  deve loped fo r  use  t ' i th  vegeta t ion-cont ro l  agents .
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FICURE 4. f tDAL-Unrr Used lr i th H-I9 (UPper)

, . - , -  . - j J , d ' s . # : .  - '

end H-34 (Lcqer) IIS Arq/ ltelicoPters'



D. UH- lBlD HELICOPTER SPRAY SYSTEM (AGRIMT}UCS)

epoxy atructure, The windoll l Day be E
any se lec ted  b lade ang le  f roE 10  Eo 90
z lnchea long and has provieions for no
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VI. GRON]D DELNERY SYSTEMS

A. BUFFALO TURTINE

Englneertng develoFient of a ground delivery aystem for eEployEent of
vegetatlon-control agentg has not been acconplished. variou6 dlsseolnatLon
devlces, as fleld expedients, have been used in VletnaEr for control of
vegetaij.on on l lnlted areas. The Buffalo turblne is a uni! that is
representatlve of one type of dlssemlnaEor that ls capable of dissenlnating
either l lqu{d or dry cheolca Is and is avallable fron agricultural suppty
housea in the Unlted States. A nuEber of dlfferent nodels nay Ue oti ifnea:
to!.red or vehicu lar-Eounted; powered by a gasoline englne or froo a pooer
take-off assenbly; arso, varlous tank sizes are avaliabre. one unlt that
haa been in operation in VietDard slnce 1961 consists of a tral ler_EounEed,
ICo-ga l  s ta in less  s tee l  tank  w l th  ag i ta to r ,  punp,  tu rb ine  fan .  and a t r_
cooled gaBoltne englne. In operatlon, the-turbine f"" 

".ru""'t"- 
g.rr. i.t"

a high-voluoe, hlBh-veloclty airstream that ls projected through a aoEqrhat
res t r l c ted  or l f i ce '  us ing  an  ava l labre  f i sh ta i i  nozz le ,  the  uach{ne wr l r
develop an alr blasr of a veloclty up to l5O urph at t0,6OO fr3ltui; ;oiuEE.
The chen lca l  ln jec ted  in to  the  a f i  U tas t  i s  "shot "  a t  ihe  fo l lage .  Because
:lt. l"::t1"1" become finely aromlzed, care ts taken to avoid drifc daoage.
The Buffalo turblne has been useful for roadslde spraying and applieati6ns
on per ine ter  de  fenses .

B. MITY.MITE

The Mity-Mlte back pack sprayer-duster r.ras introduced into vletnaa for
atudy as a poEslble Eearui of forclng rlot-control agents througto{! enemy
tunnel complexeG. The devlce was developed by the iuffalo Turbine Co. and
operates on rhe sane principle as their largei unlts, The unit eelghs
2L 3/4 tb. and consists of a Horoe ll le engiie, blower asseubly, cank,
d ' *scharge equ lpcren t ,  and pack  f rame,  The tan i<  capac l ty  i s  O. i ' f c3  o i
dus t  o r  3 .5  ga l  o f  l tqu id ,  In  operar lon ,  the  un t i  w i l i - spray  a t  the
ra te  o f  I  ga l lg1 ln  ln  an  a i rs t rearn  o f  Ig5-mph ve loc i tv  and 45 ,  . f t3 lu tn
vo lume (a t  the  hand-he ld  nozz le ) .  The H i t t -H i te  l s  ;u i rab le  fo r  d tsseEi_
nat inB l lqu id  o r  d ry  chen ica ls  fo r  the  cont ro l  o f  p lan ts  in  sn la I l  garden
p lo ts  and /o : '  seedbeds,

C. P6IER-DRIVEN DECONTAMII{ATING APPAJIATUS

The power-drlven decontamlnatlng apparatus (PDDA) ts a self-contalned
spray  sys tem rnounted  on  6  by  6  E t l l ta ry  veh ic les  and ls  in tended fo r  employ_
toent of decontamlnatlng cheflicals for eliminatl.on of toxlc antlpersonnel
agents .  In  the  f le ld ,  the  un l ts  a re  u6ed fo r  many purposes ,  inc ludLng the
d isseEina t lon  o f  vEgetar lon-concro l  agents .  Severa i  d l f fe ren t  PDDA m;de 1s
are  ava l lab ie  ln  V le tnan and a1 I  a re  adaptab le  fo r  use  on  vegeta t  ion_contEo l
problems, Tank capacities vary anong che models and nay be ,00, 4OO, or 600ga l i  the  la rger  mode ls  have power  ta l (e -o f f -d r iven  puops capab le  o f  ie l i ver ing
chern ica ls  a t  the  ra re  o f  35  to  60  ga l lm in  a t  pump pressures  up  to  gOO lb . / i r . t
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through two hoses .  w i th  ad jus tab le  nozz les ,  Ioca ted  a t . the  rear
The PDDA units have been used effectively r '1th avallable

control vegetation on nlnefields, p€rlE|eter defenses, road-



VII. TARGET VECETATION IN V1ETMM

A. DESCRISTION OF FORESTS

The foreste of V{etnan ha', 'e been studied extensively over lhe past 60
yeara and the uorkg are Lre11 docuEented in botanlcal and forestry l l terature.
Accordlng to publlcaclons prepared by French botanlsts, there are Eore than
l ,5OO epectes  o f  woody p lan ts  in  v ie tnaE and a  r r ide  range o f  fo res t  types . l "
The botanlst, taxonodllst, and ecologlst are concerned r' l th each speclf '.c
forest fonBtlon; ior the probleo of defoliation, the dllttary tn the field
recogn lze6 tuo  pr inc ipa l  t ypes  o f  fo res t :  ( i )  up land fo res ts ,  vh lch  inc lude
the dense evergreen and fairly dense seEi-evergreer! types, and (t{) the
lorrland or Erangrove forests. The basis for this siEplif ied clas6lflcatLon
ls the general, overall response of each type io the avallable vegetatlon-
control agents, The upland forestg are Eade up of collplex associatlons of
p lan ts  I ' l th  vary lng  degrees  o f  sens l t i v l t y  to .de fe l ian t  agents  and prgaenc
a much nore variable target than the EEng.ove foresta that conElst of dne
doolnant plant typ€ that ls unlformly senslEive to ORAI.IGE. CoEplete defolia-
tlon ( 100%) of upland foreet targets has not been accoEpllshed.

1. Priuur y UFland Forest

The prlEEry upland forest usually €onslstc of an overstory or
domlnanc canopy 6a4t up of trees varylng ln helght and crorrn slze and an
interrnedlate layer or understory of sslaller trees (Fig. 5). The tlro layers
together form a den6e canopy as seen froar the a{r. The overstory trees
slay attain a height of 60 to L25 feeE ln h{gh-ralnfall areasi ln reglons
wlth a pronounced dry aeagon, the domlnarlt specles tr|ay be sorcvhat
Bho;ter ln helght and urore wldely spaced. l loody vlnes occrli.: comonly
ln the top of the canopy and fcrh a dense interiJoven netlJork.

The under6tory is nade up of shrubs, 'r lnes, and srlaller treest
ranging ln heighE fron 20 to 30 feet. Thls lolrer level Day conslst of
barnboo,  u ines ,  cane,  g rass ,  and ra t tan ,  a l l  c lose  together  ln  a  tang ied
mass, hard to traverser and llmiting vlstbil i ty to a fevt yards, A fert
evergreen spectee are declduous in areas thac have a dry season.

2. Secondary Forest

The secondary forests Elay have only rerdrants (tf the overstory Eree
cano-y  bu t  have densc  groq th  o f  sBa l l  t rees  and shrubs .  The unders to ry
vegeta t ion  fs  Cense a  d  d l f f i cu l t  to  penet ra te .  The secondary  io res ts
Elay be represented by areas of troplcal scrub on abandoned cropland or
areag lJhere tleber has been removed. These are glade trp of an assorcnenE
of  shrubs ,  vLneg,  and grasses .  The shrubs  oay  be  15  to  20  fee t  ta l l  and
are  o f ten  covered e i l i l  v ines .  Th is  tvpe  o f  vegeta t lon  a f fo rds  cover  fo r
trlan, anla|alE, and equlp!€nt against observaclon fi-oEl the alr,



FIGURE 5, Mult lple Canopy Jungle or TEoplcaI Evergreen lorest
of Southeast Asla.

3. Irnr land or Mdngrove Foreat

Ipu land or neogrove foregts are of two geoeral klnds: those that
grow ln etandlng vater, usually lr lthln the l lElts of the Eean hlgh tlde,
and those that groe above rhe ttdal ltEtcs but ln ntrshy, poorly drahed
areaa. Iu e{ther caae, dense, pure gtands of trees tend to forn. In
each group, the trees tend to be of the sane age, raDglng fEos 25 to
60 feet ln heLght, These trees have prop and aerlal roota that l8pede
ttloveEent and vlsiblltty and cror.ns that forE a contLruoua canopy that
afford8 protection fron air observatlon. Ground coter la usually lacklng,
although 1n places nipa palE, water coconut, and so@ tall ferr'€ ocqur
( F l e . 6 ) ,
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FIG{rRE 6. Nipa Paln, a Co[llion AssociaEe of llangrove ln the
Mekong Del ta Reglon of  RVN.

4. Gror.th Patterns

It Eust be renembered that rnany dlfferent kinds of trees ate ln
the6e troplcaL fo!e.ts, and each has a different growrh cycle and dtffer-
ent sensltlvlty to herbicides, thus sEking unLford results rdlth defollants
dtff icult to achleve. In general, the actlve groqrlng season for upland
vegetation starts nith the first ralns just before the onset of the rainy
aeason, and nost of the vegetative growth oc.curs durlng the ear: ly part of
this aeason, The flowerlng and fruit lng cotrE later in the rainy season or
at the start of the dry season. DurlnB the dry part of t l '  year, the
trees tend to be dormanc, but the varying rainfall patteros can vary the
perlods of cctlve grolrth. The dcroancy factor has a deflnite lnf luence
on the development of effects frorn an applica!ion of the growlh-regu lator
chen ica ls ;  de fo l ia t ion  may be  de layed un t i l  g rowth  is  resuoed w l th  the
onset of the rainy season. The mangrove forest does not exhiblt seasonal
varlat ion s.
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B. SINGLE, DOIIINANT fIr\M TYPE

The largest numbers of spray tolsslons in VLetna.n have been carrled out
on rnixed forest vegetationl however, there are a nuober of prime targets
tha t  cons is t  la rge ly  o f  a  s lng le ,  domlnant  P l ' rn t  t yPe.  Outs tand ing
exanrples includei (1) Nfpa Paln' irequently found in association r.rith
naDgrove, provides a dense screen along LtatenJays, and may be coll lrolled
succe6sfully only l. l l th oP.ANGE but it responds uruch oore s1os1y than
ad jacent  vegeta t ion .  ( i i )  E lePhant  Srass  ls  a  Eer lous  prob leE in  Eany '
l f  no t  most ,  o f  the  so-ca l led ' ropen areas"  in  uP land fo res ts  and can be

contr<,l led only by BiuE ithen used at high rates' (i i l) Rice is severely
darnaged or destroyed by BLI'E at 1q!4' Eates; the aPPlicatlon of I gallacre

is more than adequate to cause 1007. yield reduction. ORANGE and WHIfE
are not reconmendcd for use on l icei upltard of 5 gal ORAlreE Per acre are

required to danage the plants severely. (iv) Banboos of varlous tyPes
flourish throughout Vietnan and present a fordidable Probletn vhen their
conc t :o l  i s  requ i red .  Some sPec ies  rnay  be  de fo l ia ted  by  h lgh  aPPl ica t ions
of BLL,E, but the plants are not kl11ed and the clunPs of stensr alonet
prov ide  e f fec t i ve  screens .  I t  t s  fe lc  tha t  the  deve loPn€nt  o f  a  caPab i l i t y
to  cont ro l  banboo e f fec t l ve ly  nay  be  dependent  on  use  o f  a  so l l -aPPl ied
compound (currently not approved for use ln vietnan) ' (v) Broad-Ieaved'
annua l  c rop  p lan ts ,  as  a  type  ta rge t ,  may be  t rea ted  as  a  s ing le  sPec ies
since they are uniforroly kilted by the htgh dosages of oF"qNGE obtained in

V ie t iram.



58

VIII. EMPLOYMENT OF VEGETATION-COMROL SYSTEMS

A. BIANKET COVERAGE - CROP COMROL

Pr lo r  to  the  in i t ia t lon  o i  the  de fo l ia t lon  progran ln  v ie tnan (1961) ,
a  la rge  body  o f  research  da ta  on  the  d lsser t r ina t lon  o f  chemlca l  veget3 t ion-
cont ro l  agents  l ras  deve loped by  Crops  D iv is ion ,  For t  Det r i ck ,  ln  cooPera t lon
vtth USAF and USN, Several expelioental, prototype, and developrEntal
spray  dev lces  were  tes ted  w i th  a  var ie ty  o f  a l rc ra f t  (C-47,  F-3D.  F-7U,
B-17,  c -119,  B-29) ,  I t ' i th  bu t  feu  minor  except ions ,  the  tes t  p rograms had
as their objective the ultiqlate development of b lanket -coverage capabil it ies
fo r  la rge-sca1a a t tacks  on  c rop  p lan ts .  The cheur ica l  sprays  ue le  re leased
as elevated l ine sources oorEal to the prevall ing wlnds; dellvery alt itudes
were varfed fron 100 to 2,000 feet, and results shorded the opttnal sPray
a l t i tude  to  be  1 ,000 to  1 ,500 fee t .  Fur ther ,  in  recogn l t ion  tha t  a  g lven
mass of naterial produces the greacest effect irhen applied as srlall drop-
Iets (5100 F), conBiderabte effort was devoted to studies on Beans of
produclng high-volutne sprays of dropleEs having an l l l , lD of aPproxlnately U5
and ground deposits, of what nolr ls lqlown as oMlreE, et 0.1 lb./scre and

EreaLe!  .  
d

The ftnal spray tests with low-speed, prope 1ler-drlven alrcraft were
accourp l l shed dur ing  the  spr lng  o f  1953 aE EBl ln  AFB,  F lo r tda .  The seud les
trere on the l iourglass rrnit in B-29 and C-I19 alrcraft rf lth crossr,rlnd spray
re leases  a t  3 ,500-  and 5 ,000- foo t  ln te rva ls  a t  a lc l tudes  o f  11000 and
2,000 feet and agent f lo\n' late at 100 gal,/Etn. The nean deposlt ln the
3,500- foo t  s r { ra ths  nas  0 .39  Ib . /acre ;  tn  the  5r000- foo t  sua ths  l t  vas
0 .34  lb . /acre .  The reFu l ts  o f  these and o ther  tes ts  show thAt  the  sys teE
r{as capable of blanketlng approxisBtely 48 square nlles of target wi-th
I r000 ga l  o f  chern lca l ,T '8  Fur ther  inves t iga t . ions  Lnvo lved ss la l1 -capac l ty
spray syrtens on USN high-perforoance fighter aircraft.

B. COMROT]ED APPLICATION - DEFOLLATI,)N

The na tu le  o f  the  conf l i cE Ln  V le tnam and the  sp iay  mlss ion  demanded
that new elnplo)'oent concepts, technlques, and equlp&ent be develoPed.
Care fu l  con t ro l  o f  chemica l  sprays  was requ l red  ln  o rder  to  Pre ! 'en t  o r
n in imlze  daoage to  economic  c rops  no t  be long ing  to  the  VC.  In  o rder  to
sa t ls fy  fu l l y  th is  requ i rement :  the  fo l lo l r ing  gu ide l ines  ! ,e re  evo lved:
f  i - )  the  n iss ions  w i l l  be  acco ldDl ished under  lnver9 lon  or  neut ra l  teEPera ture
cond l t ions  w l th  ca ln  (0  to  5  nph)  l r inds ;  ( i t )  che  spray  w l l l  be  de l i veEed
at  150 fee t  a l t i tude  or  lower ;  ( i t i )  the  spray  f l igh t  !J i11  be  inwtnd l f
d l rec t lon  o f  f  Io ! ,  can  be  de termined;  ( tv )  the  MMD of  the  spray  w l l l  be
coarse  (300 p) ,  an  a t tempt  to  reduce the  nuFber  o f  sEE1l  d roP le ts  ava l lab le
to  d r i f t  o f f - ta rge t ;  and (v )  de l i very  a i rc ra f t  speed w111 be  s  lo l t  (130
knots) to nininlze droplet breakup fron impingelEnt of Ehe alrstream on



59

the  spray  a t  the  nozz le  a  d  to  ma ln ta in  a  capab i l l t y  Co scay  on  ta rgeE
I r i th  changes ln  d l rec t lon .  An ob jec t ive  o f  the  ear ly  tes ts  was to  ob ta ln
ground depos l ts  o f  1Ba l  (approx imate ly  1O Ib . )  chen ica l  Fer  acre .  The
f l rs t  C-123110- l  spray  conf lgur .a t ion  sa t ls f led  the  spray  requ l re r€n ts
in i t ia l l y ;  hor , rever ,  the  OSD/ARPA eva lua t ion  team detern lned tha i  depos t ts
o f  3  ga l  (30  Ib . )  o f  agent  per  acre  were  requ l red  to  lnsure  s lgn i f l can t
de fo l la t lon  o f  up land fo res t  vegeta t lon .  Nunerqua nod l f i ca t lons  and ex tens lve
eva lua t ions  were  accompl ished ln  e f fo r ts  co  ach ieve  the  3  ga l /acre  depos l t6 .
U l t ina te ly ,  the  A/A45Y-1  spray  sy6 ten  was deve loped and supp lan ted  the
ear l ie r  mode ls .  l iowever ,  1 t  l ras  no t  ca l ib ra ted  and per fonEnce charac ter ls t l cs
lrere not evaluated prior to 1968 at which ti lne the system lras inc luddd ln
s tud ies  d i rec ted  by  the  Ch ie f  o f  Sra f f  o f  the  A i r  Force .  Concur ren t  w i th
the  ca l ib la l ion  s rud ies  on  the  UC-1238 and A/A45y-1  spray  6ys teE,  i t  was
be ing  ood i f ied .  Two ga6o l ine-burn ing  je t  eng lnes  l re re  added to  the  a l r -
crafE thaE nolr is designated tlte UC-123K, and wlng booms 22 feet long have
rep laced the  l7 - foo t  booos  tha t  had been shor tened prev lous ly  by  che f ie td
un i ts .  Per fo l rmnce o f  the  UC-123K and A/A45Y-1  sys teo  a160 tdas  eva luaeed
by APGC, Eglin AFB5 Florida, ln the 1968 test and evaluatlon prograE.
The s)'steEl in operatlon is portrayed in Flgure 7.
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rhe uc-123K and A/A45Y-I SYsEemF I G T R E  7 .  D e f o  l i a !  i o n  e i t h

tn RVN, 1969.
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A. EVALTIATIONS

I t  t6  o f  in te res t  to  no te  tha t ,  a rnong a l l  the  cont rovers la l  sub jec ts
tha t  a re  par ts  o f  the  cenf l i c r  ln  v ie tna i ,  the  use  o f  vegeta t lo r r_concro l
agents ,  "de fo l ia t ion , ' r  con t lnues  to  rece lve  un  | . rnd , j "  amount  o f  pub l l c l t y
tha t  i s  genera l l y  c r t t l ca l .  p roces t  g roups  have ob jec ted  to  the  use  o f
de fo l lan ts  bu t  appear  to  be  nosE con.e
are  be ing  k i l led  w i th  rhe  un lque nEtho l
such as  the  use  o f  napa ln .  A  luch  sma
has chosen to  c r i t i c lze  lhe  use  o f  her l
and/or  po l i t i ca l  bases  s ince  rhe  de fo l :
: lona l  weapons,  The U.S.  Govern f len t  has  no t  been insens i t l ve  to  the i rpronouncements and justif lcation for contlnuatlon of the RANCH HAND pro_gran has been reviewed periodically, vrith the last evaluatlon (among
others )  coEp le ted  la te  ln  1968.  The conc lus ions  o f  each eva lua tLon
recognize that defoliation has reduced thr incldence of ambushes, has
6aved l i ves , .  and has  d is rup ted  VCINVA tac t lcs i  the  c rop_den la l  e f fo r tsn4ve Inade subsistence of the eneny tn the field trlore dlff lcult and haveadverse ly  a f fec ted  h is  opera t lons .  Each eva lua t ion  group,  ln  tu rn ,
approved or lecomnended conCinued use of the vegetation_controI system.

D(. REVIEI,J

f rom 1962 rh rough 1968 fo r  Cefo l ta -
the  fo l loe ing  tabu la t ion  baseo on

Tota  I

B, SCOPE CF OPEMTIONS IN VIETMH

. The nunber of acres sprayed yearly
t lon  and c rop  des t ruc t io  a re  g iven ln
data furnished in MACV reportsi

Acres S pr4l led

Cro P
Defo l ia t ion  Dest ruc  t  i  onYear

1962
7963
1964
1965
1 9 6 6
79 67
1968

7 4 1
247

LO,314
65,949

r 0 1 ,  5 1 7
2 2 L , 3 7 2
63,7 26

4 ,94O
24,7OO
83,468

t 5 5 , 5 r 0
7  4 1  , 2 4 7

r ,486,446
r ,267 ,  t ro

5 ,  6 8 1
24,947
93,842

227,5s9
842,164

L , 7 0 7 , 7 5 8
t ,  3 3 0 , 8 3 6

Th is  in fo rna t ion  serves  to  tnd ica te  the  nagn i tude o f  the  overa l l  e f fo r tand che lncreas tng  ln tens j . t y  o f  spray  opeta t io is  l r l th  t ime.  Fur ther ,  s ince
T:::_::::^.:.: 

fg..:p.:y operarions are submirred by fietd conr:randers, rheLnrormz l t ton  is  i .nd ica t ive  o f  the l r  recogn i t lo f l  o f  the  impor tance o f  iheprogra ln  to  the  f lgh t ing  t roops .
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X, APPMISAL

A . VIETNAM

ont ro l  capab l l i t y  in to  the  aruEd' lrarfare, in that the ndthod does
r1e nor  des t roy  the i r  bu i ld ings .  in
.latlon in crit lcal areas has caken
vor i te  tac t i c ,  e .g .  launch ing  a
k, then tr, lthdrawtng before a
efenders. I, lhen the screenlns
tlng 6uch an operation ls reluced

the prospect of exposure. Defolla-
roada,  t ra l  l s ,  va tereays ,  e tc . ) ,
nefly activit ies and revealed other-
n6 treated areas.

Offenslve strikes against food crops have denled the eneE5r largequantit ies of food, VClliMA Cefector= i.po.t food. shortages, hunger, dlscon_tentr 
-and the requlrernent for nore and nore foraglng parties to obtairr foodaupplles. No qireation has been ralsed on the ef?ecEfveness of avallablesyatens to destroy crop produccivity, Holrgver, there have been 6eriousque6t ions  regard ing  the  soc io log tca l  and po l i t i ca l  lnpac ts  o f  an t i foodoperations. Efforts have been nade to weil;h the ;ffe:ts of crop destruc_tion on the eneny agalnst the attltudec of'the Vieinanes€., vhoae producels taken by the vClNVA troops, and the influence oi Erulic oplnion athone and abroad lE constdered. n" 

""o" 
ru"l.,"- 'J;;; f"" been accoupllshed,and whlle the subject ts sti l l . open for a"f"t., .r, l i" iop operatlons haveContl: iued in Vietnam where roany co@Enders are convlnced oi the uil l taryuor th  o f  the  e f fo r t .

B. SYSTEM LI}TITATIONS

.pn-control systens in \, ietnarn are

.cant effects and chat. these systeEs
rry operatlons. It is recognizes)
use have limitatlons that nay be
rmance of the various components.

l .  De l i very  A iEcra f t

The UC-123 a l rc ra f t  cur ren t ly  in  use  has  deve loped a  reEErkab lerecord of reliabiltty tn vietirciq. During the p"ri"a 
"tl i i fng-;i l";#-la8 t  3  months  ln  1965 rh rough rhe  f tEs t  6 , * t i i "  o t  ISOA ah"  UC_123raf les  a lnos t  I I ,000 sor t i .es  and rece ived 

" " . . f y  
i rOOO-t , t t s  f ron  ground f l re ,and only four of the aircraft vere lost to eneny'fire. In the Vietnaroconfllcc' the only opposicion has been froor gro.rnd fire, 

"he.e.s 
1r, 

"
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and more  soph is t i ca ted  an t ia l rc  ra f t
ve ly  counter  s l@r ,  cargo_type a l r_
t1 le  

-de l l veEy sys te$s  and suppor t

.Ioped 
to prqvide for unrestri.cted

2. Vegetat lon-ConCro I Agents

urrent systems, on crop_cont ro 1
edicted because they t. 'ere developed
efo]iatlon roIe, the agents have
! the titre (.f rhelr intloduction

:ffects of the growth_r€gu lator
)f nlxed forest targeCs has not been
:hese coopounds is that maxiaurn
.n effects frqn use of ORANGE ts
lon ths ,  A  chern lca l  de fo l lah t  agent
pidly on all treated v.egetatlon
contact or desiccant chenical anj

RDT&E

I  mon ths .

".."?::l :: ::illii'":liffH il":l:.::"ponslbilitv or rhe indrviduar
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for  defol iat lon,  destruct ion of  screening vegetat ion,  and denial  of  agr icul tural
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