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,vest schedules. This is accomplished to' prevent the ~ entire crop 
i ; 

, from becoming ready for harvest at one time. The !advantages here 

al10w'for better use of labor, machines,!and also ill some in-

stanc~s provides for controlled use of e~uipment an~ storage ~a­

cilities. Another advantage is the elim~nation of the, above 
I . , 

, ground foliage of crops which develop an~; mature ,mderground, 
, i i 

, This favors the use of machine harvester~', and permits eaay .\lcess 
! 

I 

to this type of crop. Potatoes in the state of California are 

treated in thb manner. By defol1atingthe foliage above grlinmd, 
I . 

the potatoes then become easy prey to a fachine potato digge1\', which 

I 
reduces the cost of harvesting and spee~s up the entire operation. 

Defoliation of cotton with desiccants to insure uniform maturity 

of the cotton permits machine harvesting and insures the ability 

to pick all of the cotton in one operat~o[\ rather than several 

hand :picking performances. This is accomplished by "knock'ing down" 
, 

the leaves of the cotton plant permitting sunlight and air to pene-

trate deeper into the foliage enhancing the maturing process of the 

plant with consequent opening of the co~ton boll. In this case it 
! 

is desirous to bring the whole field to lmaturity at one time ~o 

that ,one operation will complete the en~ire harvest. 
I 
I 

just two crops that can be treated with! defoliants, 
! 
, 

treated annually, for similar ree.ons. i 

These ~re 

of the ~\'Iy 

Thus, herbicides and desiccants have a role in the erad~~ation 

of noxious vegetation: as well a. providing a beneficial serv4pe to 
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the production of food stuff in our agricfJ,iltural effort. 

i i 

Diversity of Employmbnt 

Herbicides and desiccants come in many, forms to permit flalti-

bility in their use. The forms in which !they are manufactured 

will be discuss~d in Chapter II. ! 
! , ; 

Diversity of employm',nt deals with b~th, the various ways in 

which they can be dispensed, and also in ,the fact that their use 

does not necessarily require that the 
I I 

ve~e,tation to be contro~led 
i 

should be permanently destroyed, For ex~mple, there may be a re-
i ! 

on the lother quirement to, dr' fo1iatet~ees, but 
I . ' 

hand, no require-

ment to permanently dest1:0Y them. In many instances the ret~vn of 

,foliage to +setatton th~t has been defotated may even be E1~our-
• aged. Fro: Ithe eCl1!logical point of v~ew I this would be 8xtrell)fllY 

desirous a~i an excellent reason for 1iv~rsity in the employ!Unt 
I , 

, . of chemical~. 
i i 
I I 
J i '~PPlickbility to Milit.ry Use 
'i I 

Rampant :growth of unreSirable vegetation is detrimental to the 
I I 

orderly process of militrry operations. i Vegetation constitutes a 
I i 

, fire hazard land will burn like tinder wh~n dry, capable of destroy-
I 

ing military property and lives. Variouf kinds of vegetation ob­
i 

struct visibility not only on the battle~ield but also for sentin­
, i 

els guarding installations, or in time war, guarding prisoners, 

Yet on the other 4and, vegetation is by both friendly, ~nd 

enemy combatant forces as concealment observation by opposing 
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forces while tqcy maneuver for advantageous positions, 

All of the flndesirable aspects of uncontrolled vegetation can 

be elimidated qy the use of desiccants and herbicides properly 
I , 
, 

used and IcontrqUed, Some of the problems in military use is in 
I 

controll1ng th~ selectivity of the vegetation to be treated since 

herbicides, an~ desiccants are used in large volumes and over ex­

tremely vast a:q~a8, Even in a military environment the ab1,l:f.ty to 

contain and be ~elective in application of desiccants and qa;bi­

cides becomes 1rsirable in many instances, especially in tqa pro-
f! ; 

tection qf nat1i"e crop:s, As mentioned previously, there i~ \l.n ad-' 
! : : 

vantage in bei1f~ capa~le of dafoliating or eradicating apeqific 
. , 

vegetation ,''\nd : this is' particularly true of military opera4~ons. 
I I . 

consequently t1e military has, and is developing some expe~~ise o~ 

the subject wh~ch may eventually develop some technology aV\l.ilable 

to commer~ial 9perations, 
i 

The fC:>llow+ng chapters wil,l deal p,rimarily with the brCIIllder 

commercillL \ISe 'Of herbicides ~nd desiccants, The military involve-
I! I 

ment of c~emic~lS will be add~ellsed in a subordinate role rfilCogni~-
I ' :' 
i 

ing the ftct t~at in both miUtary and commercial appUcatj-on the! 

entire SPfctr, of defoliation is quite similar. 

I " 
I 

i I: 

i' I 
! 
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CHAPTER II 

CHEMICALS AND THEIR FUNCTION 

Chemicals t~at are pesigned or used to kill, retard, or in any 
, 

way interrupt tqFl norma;!. cycle of vegetation, are called herbicides. 
I' I 

i 

Hefbiciaes are ~~coming the standard met~od of controlling nodous 
ii' 

w~¢ds in crops, lind are for all practical purposes, the only !Ileans 
I, 

o~lprOViding ef~fctive control of large areas of undesirable vege-
II ", , 

t~tion which m\l~t be controlled. 
!! ' 
!' There: are t~ree types of herbicides,: contact, growth reglll,a-
i' , , 

tors, 
I 

I ' , 

and ~Oil ,terilants. 
, I 

Theae are categorized accordins ~p 

their 
i·'" : 

individua\, action in affecting vegetation. Contact hell'Pi-
,~, I , , I 

cides kUlth" Illlrtsiof the vegetation covered by the chemicill be-
I , 

, , : I ' 

ing applied. T~is n~cessitates a direct toxicity to the living 

cills. DeSicca~h! W,iCh dry out the foliage fall into this cate-
'I .: I i 

gqry. ~rarisloc~*ionlof the che\1lical through the phloem* is not 
i I 
I, 

neicessary ~n th~,~ me~hod of app~ication., The effects are acute "and! 
i i 

tq'l' 
'I 

II 

, 
, i: ;! I I 

plant ~ies jUiCkry after trratment. ' 

Herbici4es a~e g~owth modHl.ers, and translocate. These herb-
I : l' I 

i ie,ides may Ib~ a~~orbtd through ~he foliage or roots, and are 1I!0ved i 

I ';: I, 'i! 

O~! translo ted~hro1itghbut i the plant. This permits the chemical . 

:i! *The p l.oemls: tJe jliving t~lISue of a plant and readily \:llan8-

llcaFes ce'~,ain,.pellbI, c, i~" es down¥ard through the plant to the, !loot 
fll permanerj.t iltadieati10n. Fol: example~ 2, 4-D has tlllllnsloRated 
f I,fm the le~ves. to, tlil~ :roots ar!llateB of 40 inches of I1IOveme""ti per 
h l' in a young igrowing plant. , 

I
i I' I I 

, II : i : I ',I ' , ' 7 i, I I I 
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to affect the $rowth and metabolic process of the plant and may 

have a chronic,:effect, 1.n that the vegetation treated may not show 
! 

'any effects fqr a week or more. Since growth regulators can be 
~, , 

:absorbed throljgh the foliage, and move from the leaves through 
: \! , ' i 

living tissue to the rest of the plant, care must be taken to pre-

,clude an over~ose tha/: may kill the immediate cells quickly, 

which would p~,event effective translocation of the cheml.cal and 
Ii : 
, 

insure poor e~a~icatibn results. Therefore, in order to k~ll 

\! , ' 

undergroun~ P1fts of perennia~ ve$e1ation by leaf treatmen\:/ it 
.:' I, 'I ' I 

may be' adv~8a1t~' to arp1y growth re~ulators in small dosag.!!, as 

dd 'id h I ks nee e • over lii"io.s of two or t re, wee • 

, , ' Chemicals !l~i"esent in tha soil w~ich preclude the growth of 

,vegetation ar1l,cons,idered to be soil sterllants. If the S1:ed1h,­

ing action is 'if, ,or less than 48 hours, they are reaarded as %Iavin~ 
i 

no residual t,*icity • When a chemical effectively 8terlli;es thel 

soil for more "t'han two years it is considered to be permanljlpt in I 

nature. 

Herbicide~ are additionally categorized in tWQ groups, selec", 

tive and non-gelective. Selective herbi.cides are those chemicals 

that, when ap\llied to a mixed populati.on of plants, will severely! 

injure or kilt certain species with little or no injury to. others. 

A notable exa~ple of a selective herbicide is 2, 4-dichlorppheno~y­

acetic acid (~" 4-D), a Chem!,Cal applied as a spray to the fOlia~e 
that destroys:: broad leaved plants in cl:ereal crops, such as wheat : 

" , 

8 

I 
, I 
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and barley, Wfthout serious injury to the cereals. There are now 

'available a ~rmber of selective herb~cide8 useful on a great vari­

, ety of crops.f 

iNo~-Selec,f1ve hei:bicides are chericals applied either tp the i 

foHage oi,.tq the sop that kill alli growth regardless of the spe-
! 

cies. Examplrs are arsenicals, borob compounds, oils and chlorates. 

Selective and non-selective herbicides exist in two main groups: I 

(1) 
i , . 

those applied directly to 
1 

wettable powd~rs and (2) those 
t 

i 

the fbliage as dust, sprays, or 
I 

I 

appliFd to the soil in similar fo~, 
, 

ineluding !graflUles that make contact! with the roots. There are i 
! ' 

two types! of ~erbicides that are appitied to the foliage; (1) thofe 

that kill!only the tissue of the plant they come in contact with; 
I ):. ! 

but are n~t 1rsf~bed and consequently may only k:l.ll the leaves a\1d, 

(2) those tljp-tiare abosrbed by the: plant through the £olitl$e, el\;' 
i ;) I • i 

ter the condJPt1ng tissues if the ~lant and are then translocated 

itO other par~~ of the plant such 'as the root system, and general~y 
, ' t I I i 

. kill i~heenti~e' 1'lant. 2 I 
The cont~~t' herb~cide8 ~nclude certain petroleum oils, dinit~o-

! :!:l: : I 

! :phenols, lIoli~io~s of stron~ acids, and solutions of such etllts ~s 
i I : I, 'I t 
; sodium arseni~e.' sodium chlorate, ammonium sulfamate etc. The prin-

~ I I 

, ,I 

lciple trallsl'ilcated herbicides are 2, 4-D, 2, 4. 5-trichlorophenoxy-
! ~ 
, 

'acetic acid ~2, 4, 5-T) and their analogues, amitrole, da1apon, :and 
, 1 ' 

! similar phlo~m-mobile compounds. 3 

Examples of selective herbicides applied to the soil which 
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attack the roots are 2, 4-D, isopropyl phenylcarbamate (IPC) , 

salts of trichloroacetic acid (TCA), substituted ureaa, aymmetri-

cal triazines, chlorinated benzoic acids, etc. 

Non-selective herbicides applied to the soil are normally ret 

ferred to as "sotl sterilants". Carbon disulfide, chloropicrin, 

methyl bromide, arsenicals, boron compounds, etc, applied at prOf 
, " ! i 

per dosage rate~are just a few of the chemicals available to pef-

form this function. 4 

, I The Various Forms of Herbicides 
I, : 

Generally hirbicides are formulated in six basic forms. Thefe 

include 80lut~otts. wettable powders, dusts, granul.es. emuls10ns ! 
I 

(E. C.) and w~t~r dispersable liquid (W. D. L.). A few herbicid~s, 
, I 

manufactured fo~ special use, are in the form of fumigants. These , 
I i 

are normally ~nlected into the soil for the control of undesirab~e 

vegetation in s ed beds. Due to the difficulty of adapting them 
, 

for use in large areas, they are restricted in use • 
• I , 

All but a ~~w ofithe least used herbicides are manufactured ~n 

m6re than one fltim. I There are reasons for the manufacture of hej;­

bicidal chemiF~H inl more than one form. Some are specifically i 
, I j I i 

concerned witjl i he sojlfe ty aspects of the use of herbicides, whi1~ 
, ,I I ii, , 

o~hers are SPF9 ~icaUy co~cerned wi,th d:!.spersment patterns, andi 
, ,~, I !' i 

hqw effective .~ a ch'\lm:tcal,works after application. This cOtlcer~ 
ii, I ; ':' J ' : 

I Iii:' i ! I , " 
,elfists becausr I 1].a frrmulation of. a chamical can be changed 1;>y a' 

c~emist 1;0 aff~ J it~ solu~il1ty. ivolaeiHty, specific grav~ty. 
I: : I 
, ' . lQ 

I 
I 
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i 

I I i' I 

lioXiCity to plants, and Jumbe~ous other characteristics.S It 
I ' I 
: I I 

I therefore follows that tt).e formulation of a chemcial too volatile* 
, ' I 

'would have to be redesig~ed tt reduce t~e volatility if it were 

going to be used in an area where the herbicide could be relocated! 
" I' 
b~ air currents to an' adjacent area highly susceptible to its in-
i' I 
fjluence. This prpblem could 1)e at least partially resolved by 

! ' \ 

the herbicide, in th~ case of 2, 4-D as an example, from changing , 
i : , i 
a~ ester** ,to an amine salt i~ a wettable powder. or by USing a 

g~anu+ar ~orm.I~ the liquid I application was more desirable the 
i: I I 
~ttable powder s~lution would be best. l~ls would be true ba-
I 1',1 I 
c~use of the low~~ volatilltyiof the sodium salt formulation there~ 
I ' .' I Iii: :: 

fpre lowering th~tendency to:drift. 
I ! I 
I i 

As stated before. if the volt 

aieility of a chem:\.cal is reduced. very little of it will vaporize 
, i j 

',irto 1i:he atmosphere and consequently drift with the wind currents. 

I I ' ,Npte t;hat,the reason for a change in chemical in this situation 
ii", . 
iwrs to, provide a safe material for use in a specific area. The 
I ' , 
~ i . 
'cpemical changes that were made to 2. 4-D. converting it from a 

I ' i . , ' 
h~ghly volatile ester to a low volatile ester and then to an amine 
Ii' 
salt lind further ~o sodium and ammonium salts without appreciably 

,I r~duc~ng its ;hytitoxicity., w~re primarily accomplished to re4uce 

,the hazar4 tol cro~s suscept'lble to 2, 4-D in the State of Calif-r / 
I I i I 

I *VolatilitY rj'fers to t~e ten4ency of a chemical to vapori~e 
o~ gi~e off fr' elil., ,Glenn C!. li).lingman Weed Control as a Science. 
pi. 97 ~ I' ! : :. ," 
I **See glos~ary io~ tarms appendix A of this research. 

! 
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Thereforp-, safel;y does influence the selection of herbicides 
, .. 
!i : " • 

~nder certain circu~stances. The ability to select the least haz-
, ' ' 

I 

ardous ma~erial fql) a specific situation is desired, 
! I , 

It iSiimporta*t to know that the toxicities of herbicides are 
i 

such thatiit requires very little of the chemical properties or 

latent material of ~he herbicide to be applied. In most instances 

only a fraction ofa part per million, constituting only a few 

micrograms of chemi~alper plant, are sufficient to provide the 
I 

'nece.ssary results f9r control! of most vegetation. Secondly, it :I.e 

, 

: 

'I i , I 

also impo~tant til upderstand that in most instancElS of crop ereat-' 
" i ' I 

alent, herbicides' mJ~t be .eleh:l.~e in nature to be used effective-! 

iy. Th:l.e iproVid~S' fln add~d feature of being able to coml>:l.ne two 
I ! ,': ! i 

or more h4rbicide$p~ mix~ns th~m together, thus insuring the ca-
I' ' , 

liability ~f attackip~' mor~ ~ th~n ione sepcies of vegetation' effec-
, L' i,' . : 
! i:' , i 

tively in lone appHpation. Mbst weed killers are eelective i!.n na-, 

ture when I applied /l:recommen~ed dosages and as prevj.ously stated 
i :;:;! 

amount tb lonly very small: quantities per acre. However, when 
I 
, 

applied it).iheavy dosages,' they become soil sterilants. For exam-

'ple, simaZine when applied at the rate of 0.5 to 3.0 lbs per acre 
i i 

:l.a an eff~ctive herbicide for certain vegetation, but when applied 

at 12 to 20 lbs per acre it becomes a soil steri1ant. 
I 

i, Forms of Herbicides 
r 

solutions are generally easily mixed, disperse evenly, are not 
I 

12 
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All of the liquid forms of herbicides can be applied to dry 

foliage. Since the liquid forms possess their own moisture they 

lare not dependent on dew for spreading, sticking, or 1.n penetrat-

,ing the foliage. Water is a necessity for mixing most liquid her-, 

'bicides and is extremely important as a "carrier" for almost all 

chemicals applied in a liquid form. For example, 2, 4-D is applied 

at the rate of one-half pint of chemical per acre to control many ! 

broadleaf species. Since it would be aUnost impossible to distri-' 
, 

bute one-half pint IIf liquid over an acr~ ~f ground with any de-
, , I 

gree of unUormity, five to ten gallons of rater are added to the 

solution--i~ the ca,e of aeri11 applicat~o+-to insure first, the i 

I " 

necessary coverage: qf all the I vegetation. being treated, and ~1I!lcondj 
r i! I 

that the v01urne of,~iquid is sufficient ~o Iminimize the amount of ! 

I"' 'I ' , 

droplets that would be subjected to drift. This added liquid, when 

included to provide rolurne, is referred to ,as a "carrier." 

Herbicides, manu~actured in dust form, must have moisture 

available 0i the fOlfage if the chell\cial a~plied is to be ultimate­

ly effective. When ~he foliage is dry, most of the chemical com-
I ' 

pound tends ito diss;l.pate into' the atrnosphe~e, like smoke, with 
i ' 

dangerous consequst}ces to nearby fol l,1age 
Ii' 

ceptible to I the herlj1cide being applied; 
" ' 

wJjich may be h1ghly,sus­

~e slight amount of 

chemical that remaiqa on the foliage' will ge ineffective unti~ 

such time t~at IUoisl!ure is in~rpducer iin t+ form of dew to Cl9ti­

vate the 1a~ent mat,rial rema:l.i~ng., I A ,sprinkler .ystem mCly,lso 

. 14 I 
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I 
I 'I Before disCUS$i!l~ sPElcific herbicides. it must be understood 

,t~at 'Iif the dose. is tnCrElaSed or, decreased, and if the ingredieI\~s 

'i9vo~~ed are varied in the' amounts recommended, the behavior pa~. 
I I, 

ternsl of a herbicidewil~ differ from those normally expected. It 
Ii: ; , 
I ,I , 

w:l!l1 no longer'be typica\ nor representative of its group. Ther\!.-
iii . 

fore ,i users should c4ref411y study the manufacturers recommenda-

tions which aPl!'ear on the label of the container, prior to using 

any ~erbicide. I Federal law requires that instructions indicating 
I I I , I; 

use and tOXiciiY of 1 chemical be conspicuously displayed. If in-

structions are!not p~esent, extreme care must be taken in handling 
I ' 

the chemical u1til i~ is properly identified and then apFropriate 

ac;tion should ~e taJ,l to use or: destroy :I.t~ 
I • ; 

I We will be~in ou1 discussion!of herbi¢1des with 2, 4-dichloro-

p~enoxyacetic 4C1d (~, 4-D). It! is a comrhonly used selective her­

bicide whicb i~ nor lly translocated in the plant. The common 

for~s of 2, 4-~ are cids, sodiwh salts and ammonium salts, amiI\\!. 

I t. s~lts, and estlr for ulations. e~ are normally less expensive 

w~n compared 0 mos otber herb cides, relatively non-corosive to 
I I ' 

meltals, non-exr,osiv1 and f~re riai~tant, and they are non-toxic 

td human beingEf and jnimalS in o~di,l'ary uaag,e. 
i I 

Tbe acid o~ 2, 4 Dis' only slightly solu~le in water but rna)' 
I' 

be dissolved if var! us solvents, and surfac~ active agents. Mix-

ed Wit~ water,ltbey re e~sily applied as a spray • The sodium and 
I ; 

I 

soluble powders wbich require some agita-
l I 

ammonium sa ts are w ter 



, I i 
I . i 

't+~n Ito get them int4 olutipn, Amine salts are commonly manufac· 

t*r~~ in liqu1id form,l ~oluble in ~ater but not in petroleum oils. 
I Ii' I. ' 

E t~x', formulations a:tJe also :J.iqUi~S and when mixed with water fo;:m 

I ' ,' • 
. i I bte' in some petrole 9il~. The Uta is usually diluted in oil, 

, 

: . ii' 

af. e,.U1SifYing agent til added and water is used as .the carrier. 

Ti' ei '~cids, amine salts and sodium salts of 2, 4-D present little 
i , 

o. n~ hazard from vol ilUy, The acids form into a milky solu-

I I I t I i 

do~.~, hile thesalt~ e clesr in1appe.arance. The esters in both, 
I Ii! 

vOlat:i. le, and low VOl

k 
HE! forms 1).ave a milky appearance when 

'I i I ! 

I, '. 'I 
m~xedl' The, acid is !p: mar ill:' use" for specialized purposes. whij.e 

t4e akine. s~1ts: are I.g~ d; for genetal farm use. and are effective 

o ! soLe woody speciJsl, t\,lrf and l4wns.: Sodium salts are fair he);,-

b fidrS for g~lneral if use, Th~ istrr forms must be used with 
. i , i r ! I 

JI fr~jne caution lliflde hey are, ex~remalll:' hazardous when \,lIed nell.\, 

.' s fce~tible v~geta~~'o 'Most 2. J-D' P~oducts are aho available 
! ! I 'i 

. a1 gr~nules r ;inclur n thr. al;ids ,i, it fas manufactured in d\,lst f~rm. 
,f11om poth t~e:, estef~ d '~alts, b~t du~ to its S\,Isceptability to 

d1ifCI. has ~EI~n di~JO in~ed in this fbrm. 2. 4-D is most popular-
. I ' i I 

Ii us~d in the contro of broad leafed foliage. After this brief 
I, , 

d~Sc\,lssion of growtq 

Ii I b lc1des by $electing ~e dinitrphenols 

I: I I Dinoseb (dinitrdp tnolS ) are often 

! i I:' p1und~ have long beein tsed as dyes in the textile industry, They 

! 'I I 

: I 

gulators. let us consider the contact her-

for discussion. 

called dinitros. These com-

22 
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I 

,I 
I 

" 

, I 
, 

. readily stain to an 
I 

orange-yellow eolor Buch items as; wool, 
, 

leather, silk, and hair. Dinoseb ~tself is consi.dered to be very 
, 

toxic to growing plant~ and h pri~ari1Y used as a general contact 
'I 

,herbicide. Since this 'discussion is primarily interested in se­

: lective herbicides, onty the salts of dinoseb will be addressed. 

I .' Salts of dinoseb are soluble in water, but. not in oil, and are 

nOrmally used: as postemergencecontrol of weeds in such crops as 

corn, small grain, al£l\lfa, peanutlil and clovers. 
i 

D1nitros normal- I 
! 

I! " . i 

ly do not trans locate land their mec.hanism of action stimulates the: 
, j ! , • 

respiratory response,.fltimat~ly ausing decomposition of treated 

vegetation." The 'Chemidal is an o~~nge colored dye, commerc~ally 
.; : . i ! . I 

,prepared in a, .;lens!s ,U:spension 'of £ilie crystals, and consisting of 
;: i , !; ii' ~! i 

,,30 ~ercent.aMive if~redienlliland fO per cent water. The d;y salt 

! is flammable· and ~se~ lin expl.~Sivet~ thus one of the reason. for 

mixing it in water. I'~initro.:!are non-corrosive but aro tcix~q if . n II, II 
taken intein~llyor ~sorbed !in:~o~siderable amounts through the , I,' , I, 

skin. Resid1-1e ,on th~' ifoliagEl' con~t:'itutes little or no hazard to 
~ : I : 

Li i live stock. Fish ar,.,lquite susceptible to dinoseb. 
I! I 

I: ! 
I ~ : 

The substituted \1reas constitute one of the most important 
I I 

groups of herbicides! that are absorbed from the soil through the 
. I 

root system and tranflocated to the top of the plants. At low 

I dosage they ate seleftive and used in conjunction with weed control 

i tn crops. At high d~sage they become soil sterilants and are used: 

in non-agric'ulture aj:eas. Ul;'eas a~e non-corrosive, non-volatile. 
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I' 
! II 
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Ii 
!i 
" ii 

j 

" 

and non-fla~able. Urea is a co~on fertilizer which becomes an 
, 

" 

affective 

what. 

he~bicide when the chemistry involved is changed some-
, I 

'I 
, ',' 

, I 
I 

. I Four of ,!~he substitute ureas will be discussed. These arE!; 
i , 'I . 

I 

fE!nrron, mon~ron, diuron, and neburon. Fenuron is rE!adily lE!ached 

~nt~ thE! sod! by rai'l-fall and is used primarHy againllt medil.\l1l to 
: ,! ,I! 

:teep rooted,~erennials. Monuron is easily soluble and tends to 

, le~in in :tlt top soi1andgradI14l~Yi leaches with rainfall g~v,ing 
iLt $ longer i!period of e£fE!ctivet\~s8 against shallower root Byll~ 

~ejll~. MonuJ~n i.e widely used as'~ soil sterilant and can al!,o be 
":1 ,I , i 
"I ' 

1-18e4 as a 8~tective herbicide. Diuron is recommended all a soil 
I ~ ! , , i 
IIterilant inl regions of medium to high rainfall and can be used in 
'! 'I I I ~ ~ " : I! , 

,!light 40sag~' with some, crops slIch as cotton. Neburon is the 
i : I, 

'I I ii,' 
:least ~oluble and consequently resists leaching. Therefore, it 
, I ' 

,can be !us\ld!effectivllly in areas where rapid leaching is not de­
I 
, ' 

sirabl~. I It is recommended for control of crabgrass and chickweed 
! I ' 

on ran el~nd, and on turf or lawns. 
I 

ks prtv70US1Y stated, there are many more herbicides, on~y one 

family ofl c1;temicsls fro\Il each tYPE! was dealt ,~ith here to pr'rpare 

thE! rEI de\: ~or a look initothe ",ffects of herbicidellon vege~.,.tion. 
, 'I ' 

'I II Hol" HerbicidE!8 Iq.fluence VE!getation 
! I ,i 

We hare I discussed,iin a br04d general sense, herbicides I'nd 

sorne 0 t~err,! £oju1at10nS. SOlJle of the ingredients that al1j1 add­

ed to ro~i~e herbicides with the flexibility necessary to I1,IAite , , r , , 

! ' 
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~!.;.lt.,f,.I,'.11 th~L v1$ble have been!' i Having also discussed some of, the 

I.r[[,i ':; ssillctite herbicides, ::a::::d~rrived at a point where the proper 
~:' !1(~ ,~I i! I 
~,' F, 'hel', pici~e has been applied' to the correct kind of vegetation. Now 

'I I ' '1 ~!I II I " 'I 

:1; !'I'! lelt, us examine the act~on that takes place in the metabolism 0; the 
~i i l' I' trbated plant .,; , 

1'1 !, ii, ,!, Let us begin with 111,;,' look at the action of 2, 4-I;l which we re-

Ji I/cognize'as a selectiveilherbicide that is translocated, and used in 

~,:; /! th~" ,control of broad ~tafed vegetati0r. 
! I ' I 

In general, plants absorb 

Ii 
I' 
I, 
I' 
I: 

II 
Ii , 

iii I 

I
, 

i! : 
~ I ;, 
'II :, 

'I' ' 

Ii 
,II 
"I 
" "I 

'1
1 

, ~ 

2,' 4-D best ehrGlUgh tt).. foliage in th~e~ter and acid forms, and 
I I I I 

,tr~nslo~ate the salts!$ore readily th~ou~h the roots. Surfactants 

ai~ the i,' salt~ i,' ~n penet! tation t~rough :t11e !leaves and permit the 
Ii I ! :' Iii I 

us~: of salts ~s foliar herbic~des. Ai p.e~bic1de applied to the fo-

li~ge m~st t~lnslocate to the 'roots ik' perennials are to be killed, 
:, ' ! '" " !! 

s+ce merelyldefolhtitg them iwould a~low the roots to lie dormant 

, unf7r ground I unri~ i the II following :seasPf~; at which time they wO\1~d 
, ag~~n grow. I" ' : '1'1 ' h 

I ' , I I ' , : ", 

i Ii Two factfrr that ~rrt1)it 2, 4-D tol Hcome a selective kille1; in 

, cereal Trops i a):'e: (1

1
1

,1 cereals, have n!lp'ow leaves which grow al-
'I 'I I , 

"moist: vetticaHY' The taJ:;~ownessiOf tr~' leaf provides a small tn-

. geit to deposit any apheciabl~ amountl of herbicides on the plant 
, , ' 

and (2) the vertic'\ll ftowth o~ the leaves causes most of the solu-
, I , 

,I 
ti,on to run 9ff. Broff leafed plants on the other hand, permit 

I' 
lethal doses, to be de~bstied on them because of the larger leaf 

I i I 
surfaces plu~ their alrost horizontal growth patterns. Thus one 
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, , 
i'l 

:11 

I' 
II 

i 
. i 

, 

plant die~ while the other recovers. 
i 

The differences of the cut~-

cle cell walls-7whether they are more or less oily and wa~y--varYs 

greatly with different types of vegetation. This factor permits a 
, 

plant to be more or less ~bsorbent, and encourages or resists pene-
I ! [ . 
. , I 

trattop' of a hetbicide. There are many far more complicated fac~ 
I 

tors ittvoued wtthwhy a certain herbicide will attack some plants 
i 

and noti' o~hers.: Some of the facts lOre still not completely under-
, ,!! I ! 

! 'i I, ! 

s~ood ~r ~C1eI)Ce. The two reasons mentioned will simply serve to 
! 

: ' f ; 

demonstlrate t;ha\: there are 'factors that cause a chemical to 
': iii ' 

, 
react 

i 'II . : I 

Belect~ve~y o~ plant life. 
I, , 

Twl ttSBUe sys~ems of a plant normally trans locate a 
r" ' , 'I" I one. isl: the xylem which ca~~ies water and salt to the top , , T 

i 
• 

herbici~e • 
I 

of s pl~nt 
II I i ~ I 

from thb ;00t4 ~, The othe'l' 'is the phloem which carries nourishment 

tl' thei,!~otts:.land ~o the c~lls w~en they are i.n an active state of 
d Visifr. tJd :~rowhL Tran110catfo~ of 2, 4-D iii rapid in 'either' 

w111 w~!te~~d lor poorly wat~re~ p a~J:s, and its movements are quAe 

r!Pid Hi ~ rpung gtl>wing ptint t 'af is transferrins food reserve); 

f the'l rot i·, lin or~~r to 8~.tain gt'llwth. This ptriod of' rapid 

growthi rnt,ou,ragea' ~,',~e effeCltiven!sf ~f herbicidtill. 

I Ca~tit~ must b~lused when ap, lt~ng herbicides that tl"snslocate 

t~rougrl tf: Iphloem. since excess~v~ rates tend to kill or inunobi!­

ite th~. Pfloem. 'This in turn will i normally cause erratic defolia-

I 'I' I d.on ok, ph~nnia1s without killing' their reproductive organs in . 
II L 
I I! 

the ro' 't tystem., 
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i 
Translocation in the xylem of herbicides applied to tbe soil 

occurs wbenthe chemical is absorbed by tlle roots and then ca.ried 
iI I 
I along with tre transpiradon stteam <;>f soU nutrients and wat:llr. 8 

ii' Unlike the p loem WhiC: liS comprised of living tissue and call be 

II injured, the xylem is principly non-living tissue. Cansequently, 

" very toxic +emciiab C~ll be quickly carri"1d to aU parts .of the 

':1 plant Withi1t injurt tb the xylem. * 
': An area 10f tran~lodation, not discussed previously, is inter-
,I I 
Ii i cellular translocation.' This .occurs through the plants intercell-
I' 

ii: 
'I: ular space's and normally involves the penetration of o11s through 

',' various portions, .of the plant. This is also an area affected by 

i contact herdicides-~oils are a part .of the contact family .of herbi-' 
ii, i 

cides--and ~ince! it is of particular inte.est in defoliation, a 
! I 

brief discuds:!.orl .of 'the ,process is cansidElred valuable. 
I ., ' 

: i I: \ 
Dinitrophenals 'Which we know as contact herbicides bdn~ ,about 

i i:: l 
I . i I I 

a rise in tempe~4t~te in a plant and stimulates respiration, This 
I II I I 

pracess is respdJsiblefor loss of moistu,e and a drying up of the 
, , i 
: plant.' Cau1:ionmus t be used ill applicati<pn of the herbicide to 

insure total.: covJr.ge of the vegetation illvolved. Pliltletrat~Qll 1s 
!' ii' ; 
Iii : i 

, i made through; the i cuticles and the interceflular spaces are .efect-
i I I' i i 
, ,: ~ I : I I,' . 

, ed b:r oxidaHon rhtch seems to effect the respiratory respal\~es 
: I ii, i I 

and protoplafmic t~xicity. 
, i :' i : 

I *there i, a ii~e when strongly acidic or basic salution$ could 
I . 

tran,locate4own ard through the xylem. Vor further information 
aee feed Control1a$ a Scien"e by Glenn'C. Klingman. 
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CHAPTER I~ 
! ! 

i I I DEFOLIATION IN yIET$ ., i 

Ii . Ii. I : . ! I . I ' 
Ii :' Defoliatifn ~asl received a' greatl d~al' of attent~cbn in SO\l\:h-

Ille~st Asia due:~rima~ilY to the Vietnbmlwar. The eif~rts of 

Ii !United States' and SFuth Veitnam fore s in ~eprivi'i ):he Vietcong 

I: lof the naturalc6nc al~ent offered b the i tush nat~~~ ve8etat~on 
I: has been faiH~ ~el P~blicizefl Tl • des~fuction ~f,1 thousanf!1iI of 

I: acres: of Vietcln~ c op~ has not bee ~o werl PUbliFlized but lias 

. amoUUfed . to' a, condrerfble e£fbl:'t.1 i the ¢lltire oprliation of de­

foliation a'nd, ~r~p rlimination' has b en cOl1ducted hnder ,the pffi-
Ii! I; , i 

Ii cial name tif "Opera~ion Ranch Hand," and from a mi'Utary point 
Ii I, : I 

I! of view has been e~tremely successf 1. To appreciate the magni-

" I, tude of ~his efforti, it must be recognized that the 1969 estimate 
, . i I 

, 
, , 

i 'for herbicide e){pe~ditures in Vietnam was 42.7 million dollars, 
, I 
. I 

an increase of 30 million dollars over 1966. In 1962, 17,119 
. . Ii 
.. acres were defoliated, and 717 . acres of Vi!'ltcong crops were de-

! 

, strayed. In 1967,1,226,823 acrea were de fo liated and 148,414 

acres of'V:letcong crops were destroyed, a ~ignificant increase 

I I' in the use of herb~cide8. The substantial use of herbicide. in 
. , 

i 1967 amounted to 45.2 million dollars in c'pemicals. and cer\:a:f.nly 
I , 

I :'! iii ,:' 
I. con~ributed to Ithe rhortage of some herbic'ides for farlll use :\.n 

the United States. i ' 
, I 
I I 

Since defoliation has become the e){te~sive program thet ~t 

I 
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, :, 1 ' 

I " ; 

!,' I' 
';'.: i." !'. • 

a~ ,ii v11t ram 'l a,'ld si ce this program has also become one of our 

ajar I,usetis i of pe1bicid s, it would bei inappropriate not to in-
; i I I : I i 

lude'ia bt1i¢f dhdussio of some of" th~ functions involved in 
: II II i : 

fhfs ~pe'1id.on, jen tough the daf91ratiOn program in South-

:ea~. t Asi" ~alS aSI much, if not mor~ ,j f'lith woody growth such lilS 
, ! 

, . fr~es, vin s, fer an 
I, i 
of eradica 
! 

certai:n sP~cirS of shrubs" the proceI;Is 

atton i.a the ;s~me fOr these species a~ 

'. it.1B for 

i ageawill 

, 'i! 
di cusse~ in p~e'ceeding chapterll, only dPI'-· 

" i 

I, '! 

, 1 1 
, 1: 1 

" ; i, 

ing the:her~i'4de, opce an area has b~!ln 
: !! I 

ircraft" This I is a fwin engine cargo air-

,I ; , 

The ~ 

, I t' iali'geted, s th, 

craf~ equi ped ~itl~ a 1 
i ! • 

00 gallpn h~r~icide tank and is fitteq 
, 

':. ~1th:two w ng b+~m'1' and a tail boom, ,A console operated by Ii. 

: ,ech~ical fpecialist is I located in the rear of the aircraft and 

~ontrols t~e retease an1 shutoff of the spray, The operator of 

th(\ spray ~onsole rides lin an armored box which affords protection 
, I I ..: . 

I I '. 

4lgainst smljlU a~msgrou~d fire directed at the low £lying aircraft. 
i 

The, rest 0 the crew consists of a pilot and co-pilot who weal; body 

armor as p otectloq against ground fire. Th~ spray equipment in-, 

corporates a dump valve which can release thq liquid 1n 30 secpnds 

in the eve t of ,an ;i':l£light ell1~u .. gency, and i~ calibrated for IlQr­

mal, operat ons ~o discharge the herbicide in 'five minutes. Tht,s 
I !, , 



i 
: ! 

I 

i 
I 

! I 

I, 

'I i 
~speed of 130 !f0ts. 

Major tarsrts include coastal areas', Fraffic routes a~pns 
(. I i 

,rivers and, can~ls, foliage surroundins Vif'tcong stronghol<:l~ and 
i 

supply dumps, ~ense 'shrubbery and second Fowth forests atpng 
, 

highways,' 'supp'ly roads, railroads and any foliage which consti-

tutes an :~bUSh threat to friendly forces " Even though t\'teae tar-
I 

gets are carefully selected and all precautions possible are ex-

ercised to preclude drift, a considerable price is still paid by 

the United States to the South Vietnamese for damages caused by 
, 

drift to rice crops and rubber trees. Cu.rent price for a rubber 

tree is 87 dollars, and figures just recently released by a 

House Foreign Affairs Subcommittee indicates that 3.5 million dol-
. ' 

lars have already been paid. Cambodia is demanding 12.2 million 
, I i 

dollars fo. d~mages !it claims occurred to its rubber tree~. 3 

With this ~rief ]introduction to the in~litary use of d~~olia-
, . I . 

ti~n in Vi~tn,ln. thel remainde. of thl.s chjlPter will. inclu4a a 

short disC~I1$~On of Ithe kind OffOl1agel ~p.countered in V1,1!nam, ! 

how it is ,Jont,rolle~, what herbicides Jre' most effective, A~ld "the
i 

: , "I . '. 
Ii; I 

foliage th4t fls leasit difficult or most difficult to contliol. 

,'i T 
:..L.I;z:...:~=::..:p , 

In establ~sh1ng Ithe type of vegetal1iop that elCists in AllY 

gi~en area of ithe wdrld, a number olf cilrpumstances must bE! con-
I ,I : 

siqered. i Ji,mb S thesie are: 
i ! i:: : 

iniany at~~ b comes 'a very 

'I 

, , I I 

the origin !o~ the vegetati on 4~isting! 
, i i: 

complicated :ard 
, : 

difficult task to deter-
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mtne; the primary cause for the presence of a plant association 
, 

i truIoY,depend on fact.ora which were significant in the past or are 

" a¢tive in the' present; fairly definite combinations for the ger-

! i 

minat:l.on of seeds and development' of seedlings must be pr.esent in 
, , 

the enviroruneint fo!:, each! species of plants; and finally, each 

I l 
habitat has certain environmental factors which cannot be materially 

• I i 
changed b~ t~ v~grtatio~ itself. i 

The phys~cali apd vegiiltation feature:! of the environment 
ere inte~relFe~ in the development $£ plant life in any 
region isl c1eaitly in?, .tcated when a, ~abi tat is disturbed. 
The dest~uctio~ of the original veg,tation, whether by , 
the act:L4n' of !DSll or!rlby forces of n$.ture, h usually fol­
lowed by ,the drelOPItlant of a new f,?rmation of plant life. 
Sites in la, pri ry f~rest when felled are soon populated ' 
by fast ~rpwin plan~s, usua,lly enu, rely i different from 
the origiln!,:~ growth.M ',i 

II I • II, : 
I An exce14ert: eramplei'lof the process! mentioned above is the 

,e~iSting standllo~ r' iant ~,"amboo ill the dty of Prattville. lOCa):, ed 
, I ~ , I I i I 

I I , I ,"I, I 

'in !'-utauga c:u
1 

tr in thel:lstate of Alabama. No one knows how it 

originate<\, ~u~ eSltimateii indicate that this stand began some S8 
I 'I i" I 

Y'i'ars ago.: Xnl all probaM:l1ity the orig:!-nill planting was made ~or 

I' I o~namentali pur' o~es and ~roceeded to, gr~ into its present stand. 

i ~\lis specles:~ l:ertaltiv~lY ,identified ,ith the type that exists 

, , in ,the te~pe~~ ei zone;s oi~ Chipa.', The iderse foliage that tops ,he 
I I' I I I" I I I" ~ 6t I,pr morel ,f~~t l1igh ,:stit~S hal!Qre~tElda canopy that IIhuts ou~ 

thi
i sunli~,'h,'.tll'~, :~~, • c,~, r~ai~", : " thei ~towt~ ~f i sma.ller t.eell and shrups. 

, I, '" I' 1" I' , I ,; !,' I,' ,r, I, , I 

Dpe to th~ll ,,~ i of!: 8u~1 • ht :l1I/iny of It~e odgina,l native .pe(\ifl~ 
i I II ',. I I, 1" I I ' I' ( I ~ I 

hrv:e ceas,~ ~9 eX~ft ,Ij,nd! the entire :a~lIa underl\eath the bamboo 

I·! I' i 1" 51 I I . 
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canopy has ~een comp~,tely changed from its original environment. S 

In gendral, C1i"""l~iC conditions directly re~ate to the type of 
i 
I vegETtation ,thal; exis in'a particular area •. Therefore, tropical 

" I vesetat~on lexi$ts wi hin a f~w degrees north and south of the 
: I; I I ,I i ' 
,~qu~t~rl an1 progress r from "emi-evergreen to wlilt and dry de sid-
: :: i!·~ 
u~u~, .to 0lien woodla ? and savanna, and finally ,to semi-aliid 
: ,i jl.! i i 

,:stoTtts af I
the lower Foisture limits. 

n9W I take ~ Icloser 10 I< at the exi,sting vegetation ,in Vietnam. 
'I ' 
I iTh<;!rei ~re more t lin 1,500 species of woody plants in Vietnam. 
: , ' " ..... \ 

AmpHg the~~ are very I large trees, shrubs, palms, bamboos, hard 
I I I I 

, , I I , , 

With thi~ in mind we can 

st~ d r~ ds, WOOdY~VineS' and he:b,aceous planj:s. Approximately 

40 retcent of 1;he to al area of Viftnam is covered with dense and 

ill. i:OP~ ~b.' 're~ s, ~amboo !prakes, . brus. ~t. a.nd and savannas. There are 

···• .• :11 : ' I noit"1D. a~lV ~ Ilar~e ',i ,.n~jlr of 8~Cie. sl' .. : ~ixed into mpst fores t ~reas 
" :. I r, I I I '. T " , 
1.1 . f'l . , i'li and prrie ~~ands.1 are .e. lative1y fll.',W, •. The mangroye forests.' 9. f the 

1:11 coa tf~li Sf,' rps I.'an .. ,d \,I'l pines' gr~iF.'., in the up1fn",. are t~ near- I, 

'II estl th, nSI to p~r. stpds. E~en th~~e are intet"Jl'ingled Wi\;!l woody: 

II .. · i ,+, · ~f#h <h' "f"''''11 to""" ,. '1''' ,,~ '9 '"';"1' 

I

ll, i : i,,' SP. : thi! t~. Jtrl.,lam co ':tains a,,! con~irrable amount of bambop, rattad, 
j. 
I ' 
i 'I II, 

I rUb~e~lltrrt8' ~bonY'llrosewoo~, andl woody vines. From the/Hi! come i 

i tinter i ~a e~'lreSin~, wood oils, p:~er pulp, and dyes. 

i Crit~~ Viqj:nam fontaine the broad leaved species o'f the wood. 
! I " 

oils whicr provide h\ilavy til1l!'lr, and, this area also produces a 

'III ,I. i 

ii'l 
illl '.' I ': 
I I , 

ill'I' " 
iii, 
I 'I 
I " , , 
I I 'I ! 
I . I I' ! ; I " 

, I'" i 

nUll1be1: 'I' of I, ~he pine s~ecies. 
I I I ( 

'I I I 

i ! 

In addition, it produces a number of 
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! 
T 
'I 

'I 
I 
:: 

J 

ji 

: 

I 
! ' 
I· i 

I 
I 

, 

i 

I 

:' , : 

minor products such as Aamboos, rattans, 
,; i ' " 

fibers, tanbark, 8um~, 

rasins, oil producing s~eds and vines. 

For the most part the'trees in North Vietnam afe broad leaved 

with conifers, mo~tly pines. Generally one yan find as many 

as 50 different species of broad leaved trees in a single acre of 

forest. Some of the species such as oak, maple, ash, and magnolia 
, 

arpear in 1he highlands. North Vietnam suffers from excessive 

I
ldllforestad,on and consea,uently the valleys and plains furnish only 
I' I I 
I' ! 

:inferior timbers. Vast areas Bre now covered by brush and grass 
I' I 

:: ~ Icpvered sa~annas since li\ven the secondary growths have disappear-
,I:,' . 'j , I 

'I: led, ;Rain, foreste 1n Vil1tnam are relatively limitejl, while mCi)st 
[,' II' " . i 

;,"'!Ottb,e rubier prodf1cto~, occurrs in central and,s01-lth Vietnam, 

I'·' i~~r furthe1 informrU n of exisUng vegetation in Yietnam. the 

, li~ader is re~erredl to tfl~ notes for this chapter alld the bib Up-

il8faphY ofl this resra~ h,! 
" I I , 
"I -"Mo=8::.t-"D~f~==...:.::z.::==~..::.:::-:::=::.:~ ! I -

': ,j i "iP: 
i ,I There' are many fa t~~s il\Vqlved in the problem of eontrolpf 
i; !: "I, i-I: : :,:! I 

i,' Ivt~et~tion if! thelrOPi"~' or tholle areas cons;l.derlld jungle.' for 

ie~amPti' lone ,:of t Pri~ co~cernll of defoliating a virgin forest 

; 8 tand !:l:n Vie t;nam i, the mult:l!ple canopy prob lem wh~ch prevents 
, 

, , I ! 

penetration of thei herbicide :down through the varipus layers of 
i 

foliage ~o thegro~nd. These forests are normally made up of a 
. ! 

spotty ,overstlOry ,o~ very, large decidious trees, a middle layer of 
I 

Ibroad-leafed everg~'eens ranging in height from 30 to 80 feet, and , 
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an almost impenetrable underlayer of small trees, shrubs, vines, 

and thorny leaf bush~s.6 To defoliate such an area, in terms of 
i 

military requir~ments of detection of the enemy in his att\lmpts 

to infil~tate bt dep,loy, multiple missions must be carefu~ly 
I, i : i, ! I 

scheduled, overia period of we¢ks, 
I , 

i 
First, a mission muet p~ flown· 

, ! i ; i ~ : : 
to op;n! ~p the fOP 9anoPY,i mad\! up oj; the talles ~ trees. N~xt. 

I , 
and after defo).iati~n hasl occurred of the primljry canopy a second 

I I ' ' I 

missi~n ts flo~ to temove th~ secondary layer, The defoliation 
I I , , ' , 

" I I ! ' 
r I' : 

squadron in Vibl:nam found that whe,n the secondtry layer had been 
I' . ! , 

! I ' i 

removed thaI. trf to~, laye:r had foliated again ~nd another fl\ission 

was tequired to' reolJlen it so that the fourth alld last mission 
: ' , " I 

c<;luld be, flowJ to r~move the ground cover. Th", difficulty in-
i , ' 

valve!! dm readily he understood and the time consumed to complete,' 
, I I' ~ , 

I i 

t1;le process isl' ~acl!le,'Ptable to a, military operlltion. 
I ' ' , I 

I, .(I.lthO, ugh: t~F hef~: icides used, ar\! effe:ctive and perform well, , 
! I' i I;, ! 
I , I !: i 

virg:Cn f'~rest !s'tand~ I have to be con~idered extFemely dif~icult to 
I I ' 

c~n~Itpl I~inc~ Ikfoltating them is a: time consUfing, and ellpensive' 
I I i I I 

operJr,ti9~' ' ~ey atfP regain their if10liage in II short per~od of 

~~me lianJthe: IhOle rrocesB must begin anew. 
, , I' I ' 
,i I _~ I ill , 'ii ~nTn 1~nF undel!rrowth is ~limtnated, the sun is able ~o get 

tprtJgf to t~ gkO~rd., lh:is creiate~: another l1:roblem in ~l}at the 

p~op~r c ~dit ons 'f~ n' prese~t! fdr germinat;1on of .ee~1/ that 
I" i, II I I I II 

,

ira,:,l,l p o~abi~1.'tY"r,i',alve ~een do~mi1i for:cent~riell. con,\IIquentlYI 
thirnew grOWjh ~e1if! rapidly repl~crs the vegEltation which was i 
Iii , 'I' ' i ,54 1 
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". . eliminated and it becollje~ very difficult to distingui~h between 
i' 

I' 
'i' 

I 
": 
I 

,II 

" :i , 
,I 
il 
!! 

, 

an area that' had been qefoliatedand one that had not, Therefore, 

I I 
secondary gr~wth creat<l!s, another problem that is diff~cult to 

control. ':1 ' 'I i" ;'i, 
'I 

Other types of fol~a~e d1fficutt to control are bfffiboo and 
, :1 

elephant gr~s's. Heavy dbsag¢s of herbicides seems; to defoliate 
, i : ,: I' : ' ~ , 

b~bdo but dJe to its \i!lCtenskve l'O~t system it is elCt~emely Mffi-
, ,I I I' , 

I ," I 

cult ito errad1cate. N~w' grokth vary1.'apidly fills in more deflse 
: 'i'; : ~ ; I ! : 1 

. than Ithe ori~inal stan~.1 El~phlLnt gtass also present~ an errlldi-

Icatidri probldm. ,Leaf ~n~clt dOWlliis, g'enerallY good but permanl'lnt 
I' I " ,,' i ! ,I , 

.. ' I " .. ! ' ':. , 
'erradication. li~e bamllop, is ex~reme'ly difficult to IIttdn. This 
'j , , : ::1'; . ii i ! i: ' : 

i : ~ : I '~ : i I I ' : 
permits the foliage to very ~uickly grow back, and the problelll of 

'I I I !' I 
: I ~ ,I : 
I I' i 

pene~ration and visibility is· recreated. , iii 
It is readily apparent that some vegetation il'1 Vietnam, al-

though easily defoliated, is, definitely resistant to erraclication 

with presentiday herbiqides.: It is also apparent that the rapid 

growth of vegetation i~the 'area resists adequate control of 

vegetation and it is e~treme'ly doubtful that under the circum-
, :-,"" 

I ' stances, soU. serilantl! woul:d be effective in this eIWironment. 
~' i : ' , : 

Therefore. ~~ is lhe ,o~~niori of the author that until new techno-

logy in .her~.iCide~ is •. f'. ~velo.;ped. the problem of compl,ete cOl\trol 
, Iii .{-~, i ! 

of troPifal ~egethtio ... ~.s gding to remain, at best. ~ problell\. 
, 'I I·.': ' 

~owever.1 as Iprev:J.~us~ s;tate:d. control does not neceli!sarily ~an r I' . I . 

fhat :all! ve~etati~n J be ,erradicated. 

I 
. ." 

: : !' , 

: I !,. : ·55 
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, There are some spepies of tropical vegetation that are ~ighly 

~usceptible to herbici~es and therefore these are easiJ.y cOf\troll-

ed. :A bribf examinati!1ln of some of these species will be apc\ress­

ed rle~t. I .. 

i I ;; I ! ~eget~,ion More Readilx Controlled 
iii ) II I iii 

Tliis ~iscuss:l;o~w~U address only a few of the species tqat 
I . .1 . I! 

are easy *ey for! 1e~~tcides, and these will serve as examp+lIs 
1 

.• 1 l' 1 I:: I ,I . I 

for rhiS dil!cuss ~o .: I : i 

~ost crops i~i~~\'fam are extrelllllly sensitive tq most Of the 

I herbicides used ~h~r~; Among these are broad leaf crops, s\l~h as 
1 I, 

beans, cabbage, lettfQe, etc. 

and easily erradic t~d. Therefore, it is extremely easy to deny 

Rice is also extremely sensic~ve 

. the enemy food supplies that he attempts to grow for his own con-.. 
i 

sumption. Locating th~ areas under cultivation is another matter 

:since the enemy ~til~~~8 small plots to grow his vegetables which 

are difficult tOldetes~ in the surrounding vegetation. Rubber 
I ! . 

trees are ext~em$ly ~ersitive and when spraying in the areas they 
: I I 
, ' ! I ' 

are located ir' widel ~~fety zones must be determined between them 

I and the aref ~eing sf:t! llyed to preclude drift damage. Rub)"r trees 

Ii ' are eaSilj de~oltaterl and they are killed with litde or no pro-

II b .... ~:, '-' 1. ~~I''' ... , ,.~ ." , .. 11y_ "'.11.", 1" .".-

i' . dicated. I +is i~ d~ei to the .eaae with whic)1 herbicides pep.ecrate 

,the leaves ~ecau~e: df! theit! e;x;tremely broad leaf and rapid growth 

I Il i 
. I 

I 
II I 

'I .' 
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i' 
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il 

: : 
,I' which mak s, the,m succulfiint, and causes them to t-ranslocate the 
,i ' : I ' 

,:, nerbicide ra~i!~lY. 7 i Sa*annasi are readily controlled because the 
, I I, " : , ' 

f grlisses, , rus~,: smad ti!ees, !~ushe8,: etc., which are pa rt of a 
I' : ! i: ! \ I : ' 

ii" savanna" re !f8,ir1y eXPRsed ~nd penetraUon of the herbicide is 

il'l s Jx~iellent i c~ntacd is made and coverage is canplete 

Ii a Idontacthe;pici~e to work well. 

II' Alnlos all vegetati~6 reacts best to herbicide applicat1pn 

I while ,the vegetation is )'oun!\ and growing rapidly, for 
, 

i 

reasofls 
, 

, " discussed, th",s during theae periods, which are Slilason-. I previG"!sl 

I a!li 'h~libi ides will be extremely affective while the same herbi-
,j I ': ;,' I I ii, I ", ; I': 

ci;e, fY , a ~mpo~ent at othe~ timh. ,This ,fact must be consider-

, 
, 

I 

I 

I 
I 

~~;~h~1 i he~U~ing herb+cide ;operations. With this in mind, a 

dr~cu11i~ of ~h~ herri9~des ,used and :how effective they are 

WI~~wd I~el sefut· ! , 
'I' , , : " ' 'I Rell cides' Mollt E f ctive , , t II j' I I I! I I 

1:.1:: , I)-y tes~s I have br/ilf mad~ by che~ c 1 companys, :Learn:l.ng :l.n-

'" I I I I I" ~ ',f •. f,: 7, ,.111 .. 1, 0 s. th, ~litflrf: ~ servip~s ~ Bitt on the affee ts of hEn/bi-

e~res i 4n egtt4tlir f~q~, i the Im1 l:1.tarr I c mbat point of view. (If 

8,:4 i,t es ,: itt illlli\ppa~/iI' ~ th~t! mahy ~f bhe more significantltfforts 
:' i: " I I! I I I I' I, :: I I'! 
,~tei • on U+t,djblY :the!lil~~ld test fi~'i~ir' n, Plant Sciences Ll\bora-

,I j' iii, I :' ',il I ': I 

t:OF ,t ohlD tHCk, ~~WYla*d. Thit! is appropriate dnce thE! 

~t~s e~ptntibte fOllll~he 4efol1a~ii~n and the Air Force pt'<i>vides 

the v hi le tal apply thjlliherbicides. The ranch hands themselves 

have ~on rl.b~t~d ~o ne~ iiknOW~edge, now used in Vietnam. Most of 
ii' I, 'I' 
': ,! I, 

I ' I 

. I I 

! 
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the tests that have bee'l conducted on trees and tropical vegetation 

by Fort Detr1ck have beer made in various parts of the Urated 

I . 

States and Htwaii, Puerto Rico, and Thialand. Much information is 
. , 

available from Fort Detrick tests in; film strips, briefing tapes, 

scientific data, notes, publications, and movies. Th~s informa-

,Uon is in both dassifijild and unclassified versions and in most 
I. ' 

'instances quite ddtaile<\, The following discussion is of herbi-, '. , ,. ' 

ii, " 
',' I cides which liere ~roy. en \Jlost effectb'~.' of all those ~hat wete. 

iconsid~red, ~n th~ t'!lsts that were conducted by the organizat;:l.ons 

: II involv~d. 8 i 'I I I iii I , I 

',. ThJ mostJeffe9ti~e h,rbicid6& Ln' ~sei! in Vietnam are giv611 the 
, 1 J ! I 

",name d the "olor rh~Ch tdentifies th1ir],containers, orange,White, 
i' II I ' 

.1 land bl~e. OI1ange lis as-50 mixture of butyl esters of2. 4-D and 
I I' , . , I I f >l,' 12, 4, 5,-T th'\t lea rpraye~ undiluted., ,It is primarily used in 
i' I . I I 

1,1' . Ijungle !defOl~,auo at icrses leaf f<!lil in 3 to 6 weeks with good 

Ii ; Icpntr~l:i up to, -1 fO l~ njo~thS. 9 . orang1 is effective" on lal'ge trees 

Ii: ,I\and its affecits +a be rtfln in four t . five days. 10 

I .. ,.i i. ! Wilil.te is ~ 1~1 vl' la'I't~le amine sal formulation of pic loran 
I", , I, i I 
ila~. d 2, i-D. '.It prbv de fS. 'I longer contr 1 of a wide variety of woody 
'I' I 'I . iii !, , 
Il,i ,Iplants ~ut is: cons~ddrap y more expenslive than the other herbicides 

l.i.II.lltfl ~se.1 It b s~m l~r b. '.' herbicides· ~sec;\ in aerial spraying of the 
j' ., , I' I" ,. 'I' 
;.illr~.ght~lo~-way /llo~g p~ek IUnes ,i, the :united States. . 
"I" I I " . I I l " 'I' 'Ii II. ".: Blf' is ail co~t c~. h~llricid. e .f ... ,o, rmlll~~Jd of cacodylic acid. It' 

;iI'l' · i~yerr effeli-bivJ [h'isar" nas, 8.n4is l.I'B<;~ for rapid def.oliation of : ." . Ii. ',' , . , , 

I· , .., , , . : I.: "'Ii 
' I ' ;, I' II..... ' 

" I , ,I"! " . . .1 
i I I 'I . 

.... ! 'I"· ' I I! 
, I ii' 

I I: 
I,. 
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I 
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1'1 

"1 I 
! I 

vegetati'i>II. 
i ! ' 

It is especially effective along roadways in keep-
i i : I 

,ing heavy-grassy vegetation down. , ' ' 

Blue will normally cause 'some 

:+efouattdn of bamboo but' is generally ineffective against that 
, I 

l,.,ird O,f ~egetation.ll 
'ii, 'Iii' or~n$,e, bh.3, and rhite, are 'in some instances, used in eon-

I, " 
I jU):Ictibn,withone another on the same, area. For el\ample, a virgin 
I j:; i I I 

: I ,I ' 
70rest: ttP canopy is normally :opened up with blue, This is fo11ow-
, I 

tdjWithii alfew days wiTh orange to 'get the second layer, and 
I 
! 

::again bll~e fa ,80pen the top canopy when the second layer has de-
''', ,I, Ii' 
'f, Otiat~dj :a~d~hen oran!;e to qefoliate or erradicate the !;round 
, ,L i 1_ I;, I I : 
, :' i . 112 ,I 'I 'I : I 

cover. i ,i i : I! I '1!li:I' 
,i'l ,I ~a~tt'Jnimu~~ b~'llused ip. disp~nsin& white and blue due to their 

i II ! I I ,I ·,:1 J 'I' "I 
! Ii ;', : : i ::i i ; ': ': i' i' . ': 

I, I, , 
;, ! 1" 
I :1,:1 

. ;. 'I! 
i: \' I ' , fl!compft 1:>ititX' l'llfiteiand bluem:l~ei~ together or following each 

':' I I I I I ! ",! ; :' I' 
"i'?ther fh ou$h Il spr4Y s1stein ~ill cau~e a gummy form which will 

Ii' ::',' _: ,! i _I ,!! .! Ii' 'I 

:' ." 

I '~,lp, g PF ~,: ,l1n~s,':, ~nd, n, oz:zies.If ,wlj,ite is used, a 10/l.d of 
!" " , I 11" , I ,I, "ii, 
,', :i~rllnge', m \it pe,'I P,ut. i J, hro~g~ ~,hEl, 1l)',ste,nI,1' or some other 8u:f.ta.ble clean-ii: " " I 1111:: ' ii, ! I ' 

:i,I, har bafor ,if I e~n pelfollowad by Iblue. 1 

, This procedure abo holds' 

1[,1",1£, blue ~ tr ~1 fohowed ly Jhtte., ihe incompatibility of these 

li:1 Ii ;1:w~ herP cith lias caused F S~hf1ult~ problem of follow up tar­

iIIIUi~~ts whi Ii ~~' s~ot heenleasily ~esoiv~d.13 Orange, blue, alld 

:i ill: Ii ~J,ite ar no mally ~pplied undi~uted 't;hus the herbicide acts as 
'1 i I I 
'iill !. ! J 

"

1:
1 

~t~ own arriieJr. 
"1;1 i' I I I 

i,' !,', Whit1 ,hal the ' 'Ii '" lE!ast drift problem ,and consequently can be 
'I" i .: 
I"il:targeted i nes er sus'leptible vegetation. 
I II 

Iii 
'il 
I, 
I!I 
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eFminates a majority of the droplets from the, atfllos-

Recognizing that oniy 'the highlights of defoliation have been 

addressed the author encourages ~hose who wish to pursue the sub-
I . 

jeqt furt~er toimake use of the iI)fo+,mat1on available through the 
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"SSiOr: anc~ Hand, '! Air I n verst Review, Vol. XXI. No.2, 
Jap arY[-FebllUary 1 70, Xl ' 189-94 
, , I I~ I I ,I , 

pera~ion nch Hand, 'I 'ee ~rees nd Turf, Vol. 8, No, 3, The 
I[ HaN, est, Publishing ompan,y., C1ev ~and, OhiO, March 1961l. pp. 
, ,21[ ~nd 22" II I , ! i ! 
1 ,! II i'~! iii , ' , 

p evY'i f.' . a~d H. A. ~~odYl"Mi~tBlowing Versus Other Methods 
, O~, i li'oliar Spraying '~~r lI~rdwood Control," Weed Science, Vol. 

16\ iN,o. 4. iOctober 1I.~68, 'pp. 425-4~, 
I I: I:, 

eci'al Ope~ations For ~ Report, 1. January 1965-31 March 1968. 
l'roje'ct' Corona Ha est Special Operations Activity Input, Chap-' 

i I' ter 41, , erbicide Orations. ' 
t' I 'I 

s~err, e t t, JI

1

, P., "Resp 

I 
With an Injector," 
pp. 159 and 160. 
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Weed Control., Vol. 2, of Principles o~ Plant and Animal Pest Con­

trol, Publi,cation National Academr of Science, Washington, 
D. C., 1968. 

Misce lilaneous 

, ,:, ' 

. Agric\lltut'e Experiment Station, University of Wyoming, Lat'arnie, 
, , W,oming, Wyoming Weed Control Guide, 1968. 

~ ! i i ~ 
!!grinautiCB C-47 Spray Equipment:, Agrinautics, 1333 Patrick Lane, 

MpCar:i:an Airport, Las Vegas" Nevada. 
I I 

: ,_, I • I 

Britt~n;N?rman, {W 3000 Compact Rotary Atomiscr, Britten-Norman 
, L,~m~ted, ,Bem~ridge Airport, Isle ,of Wight, EI).gland. 

. ',. 'i' , 
i' Californ -Arizona cotto,n, 1044,FUlt"1n,,, Mall, Fresno, Calit9rnia, 
: ",i ! Mat'qhl 1970. 'I' . 

I I II I 

I,,'" i D~foliad~n of'T 0 ical'Jun 111 Ve etaUon in Hawaii, Fina~ Report, 
'II:; 'I ~P~Or HawaU., JuneI196B..! ' 

'I i, ;' iD+t+HS ICbnc~rrii~g thes~ veglltaJion c ntrol tests in Thailand are 
1 'I '.li con~ainlld,. :f."ni Fort D~tr, ick Telchnic 1 Report Number 79, published 

II"'.' I.' ' .. 1:. in J. ,uly 1? 66r I . ' !. 

! : ;" ': i !! I I " Ii' 
I., "II 'I 1.ID ... f. v+. siot! pf AS. ri ulture, Sciences,., Uni, erstty of Ca11fornill, .Heed 
i,! 'II'! ICon r

1

1 Reco endat, 0
, 

S, 196.9. 

:il ITheILiv~n~ PlaJltl, copyr~ght 1963 by Holt, Rinehart, and 1A'inston 
:11 1 , I Incqriorated~ LibraFY! Qf Congress, Catalog Card Number: ' 

'1'1'" 'I 1 t

63-p,
17. I ::! i ! I I, ! ", 

II': 'Militan!'sprayerf-Pestic!de Helicopter Mounted UIl-1B/D, Model 3090, 
I I' i Agr~nautics ,I Las Vegas, Nevada. 
d i " ,i ! : ' I '. : 
II ': I I I 

II I, : Mpn1=oe, Jredti~k! L., S¢cond Lieutenant, United States Air Force, 
" I I I I The !Effects f 2 ·n, and Related Com )ounds on Plants ,January 
, "lit • I 1965. I . I 

:! Ii I:! ! 

Ii I. !., • I. 'I' ; Ogb\lrn, iCharles ~., an\! Lalor. Sprayer Equipment and Calibrations, 
:;:.'

11

"[,' . . ! cooPFativ.,. e ~xtenston, Service, Auburn University, Auby.X'n, 
• .' Alab~. I ; ! . 

J :pkitate ~fterVie~ Witht~rl. Nick DismJkes: Vice President. aing 
II ' Aroun rodubts In orporated, Molltgomery. Alabama, cPQ9ucted 
, .: on 25 M X'eh ~970. I 
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Private interview with Mr. Lorenz Grubbs, Owner and Operator, 
Lorenz Grubbs Dus tins Service, Montgomery, Alabama, conducted 
on 30 March 1970. 

Private interview with Dr. Keith Patrick, Chief of Research and 
Development. Ring Around Products Incorporate~, Montgomery, 
Alabama, conducted on 18 March 1970. 

r; rivate interview with Mr. Joseph prec~' sSi, Vice PreSident, and 
Mr. Frank Precissi, Treasurer; of recissi Flying Service, 

! .j. LOdi.Airpark,. Lodi, Cll.! lifornia,co
i 
.. ducted on 23. December .. 1969. 

~ ivate interview with Lieutenant Colonel Rex K. Stoner, Jr., 
Assistant Deputy Chie~ of Staff Requirements, United States 

I 
Air, Fotee Tacti. cal Airlift Center,i Pepe Air Force Base, ,/lorth 

;' i :carolir' Former Sqradron COlJ1l1l4Udrr of the Ranch Hands. 

, . sfan-sprayl. 0 erators Ma ual, Ring Around Products Incorporllted, 
I Mo~tgo~ery, Alabama. 

S ! rayi~g s~st~ms Companyl, Agriculture Spray Nozzles and Acqllssories 
! ,Equip"""nt', Catalog Nb. 33, Bellwood, Illinois. ,.. I 

etation Conttrol Tests--Th Hand, Category 2 Film Strips, 
Division, Fort' Detrick, Frederick, Maryland. 
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