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ABSTRACT

: An information survey tneluding publishesd literature azi perdonal’
interviews with indiridusls Jmovwlecgessle !n the fie.ds of herbiside usage,
animal ecolcsy and plant ceulogy ias tesn eonducied for the pursosc of assesse’
ing the ezclogizal consejuences of. avrensl.ve Ar repested use cf kerbdicides for
vegetation control. The general subjects discussed in this revisw include

{1} herbleide priiucticn, usage and trends; (2) berbicide appilsation o erop
and noncroplands, esgecially forests, ranzes, righis-of-way, vaterwiys, ponds,
layes and reserveirs; {3) military usage o herbicidss in Vietza=: (&) acute,
subacute axd chronis -gxicities of 22 herSicides used prizmarily fzr noneropland
apolication; (S) persist.nce and eliminatica of herbizides fro= ‘he soil (6)
known ecoloziczl effect of “agetaticn rwmoval by chmical methsds {e.g.,
herbicides) and paysical mothods (e.5., tulldozing, Sire, flccding, =23c.),
irsluding coth tha effects on the bictie and -miot:c Ss=ganents. 3Jpecifically,
esusideration is given to the affects of herbicides c= wildlife, wildlife ‘
habitat, endangered specics, food chains, dictic potemtial, plast successicn,
anizal successi._‘.‘n, i'e'.re getation, climaz=, soil erosicz:, laterizasion and re-
lzted topics; {7) scme conelus‘en recarding the sislsgizal charses are pre-
Sented; arq (8) some rectrmendations for further ecolzzisnl investigations

are given. :
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V. MILITARY APPLICATIZHS 0OF EZRSICTOIS

Unlike civilian applicaticns of kherbicides in ferestry, range
2anagemeant, and aquatic weed control, the developzent and us=s ol herbicides
fer =1litary purposes have not been adaguataly Jdocus=anted in the scientifis
literaturs. Although many post-.war ailitary herbicile ianvestigaticzs buve
Deen unclaszified, the military techrnuleogy relating ta dafoliaxts, desic-
cants and chesical agents for drecp destwuction has received little atten<
tica in the che=ical, botanicsl. and ecclogiczl jourosls.

. /—

Within the past few yesrs, & gegersl concern haz been expressed dy '/
the sclentific coomnity regarding the use of vegetatica-control chemicals dy
the militsry, Therefore, in order to provide s better Bacis for considerics
the ecological consequences cf various ailitary ures of derbicides, these
apolicatioans must be deseridbed in sgzewihat greater, detsil than are the civilisn
uszex,

LAINrEStion Ras ueen daawh endiiily J0Sm peblisly reeilella semawes
the tnclansified technical litersture and rews sccounts. The following sec-
tions represeat o factual account of the background scd develcrm=ent ol 3ilizary
herbicides, cie policies contrsiling the use of herbicides, and the =aterials
snd spplication procsdures currently used in Vietnam. A oriel dassfiztion of
the vegetaticn in Scutheast Aaias i3 presentsad elong with its respcase to
herbicidal trestzent. The possible ecolegical conseguences of thesd Sperestione
will te discuszed zeparately. :

Bsakrrcnnd ard Histcerieal evelc-ntq‘ of Military her*iciuvs

Throughout Yorld War II, elassified milivary res-arch cr sherizal
hesbicides piaved an izportant rule in the develorment of the poteat seisezive:
herbicides nsw in wvorlde.vide use. In The seareh Jor chemical agent: o destroy
enezy c™ops, nany af the key concepts ¢f herbicidal Zechanism and speles
'-1¢~*1vit1 were elucidated, ond the effectiveness ot the phencxy herbliciies’
a3 weed control agents wes farst demonstrased.

Tn late i%L, 8 gioup of preminent weicntists convineed the e

Secretiry ol War, Hemry Itimscn, 4O tze pot~atial dargers frea blolozical Sare
fere, Stizson requestaz the National Acadesy 2f Sciemces and She laticnal
Rasesrch Csuncil vo provide the Yest 2o3zidle scientific sdvice. In response,
tae Nationai Acrdemy of Scleazes established the “AXK" Com=ittee, and, |
February 1942, the co==ittise’s rcport sesxulted in tho escabliczh=ant of che
Wor Fesesrch Service, 8 'civilian igemcy with George Merck as the diresctor.
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Aifﬁoubn a nusber of plant physiclegists ani other scientists had
carried on 2 decade of researek with plant horzozes and symthetic Zowh-
repulating sgents, and asny wmrkers head nored that cverz2oses of gplant hormoues
or growth regulators injure alant t!isgue or evm kill the planta, no c2:s had
ret suggested that hormcne-lixe agernts =ight be useful as herbicidcs. Seversl
cf tuese resesizh wvorkers wers destined o play pivotal roles in tha dsveloup-

nent of both militsry herbicides and modern weed killers,

These scientists included Dr. E. J.-Kraus, Head of the Bétaay
Lepartmen: of the University of Chicago, who had wvorked extensively with grovth
regulators and plert hormones, and two of his desteral students, John Mitchell

- and Charles Hammer, who since 1940 hse both heen anrking as plant pnysiolo sists

at the USDA Plant Industry Station, Belt sville, Maryland,

Aprarently, Kraus was the first to suggest th:t growth regulators |, -
zight wark as herbizideg if purposefully applled to weeds ‘n toxic doses ’
(Peterzin, 1557a).  Zarly in 1941 bz discussed this vith Mitchell and Ka=ner,
later elaborating his ideas in letters to them (Zarth and Mitchell, 1344;

‘qttnhe'l} 'm}_ 'I!Ho\-in 8 £res miamdbha  Veaunae and Witshell ‘h-nn- vork ?..'\n-.-

varicus symthetic growth regulators for their hesdicidil acti&izy. In A7ril -
1242, Kreus and ditchell learried about the work scen to te published by
Zirzer=an and Hitcheoek (1942) of the Scyce-Thaxzesm Institute. Zizmerman hed
found that the pacraxyacetic asids are exceedingly powerful grewth regulatorce,
and that cne of the mest potant fur {ncusing seeiless tczmatoes was 2,4-3i-
chlorcphencxyacetic acid, vhich wes 300 timey more powerful thas tae widely
dsed indulelutyric scid. Witheut icdicating the intended usa, Mitchell cob-
t}ined scme ¢f these chemicals, including 2,4-D, frem Ziz—er=an and began
testing a variesy of cc=pounds as herbicidas in the greenhcuses at the
Caiversiny <f {bicago and Beltsville. o ]

Kraus wag sufficicntly enccurcged by the corly results thgt, {a late
1942, Re surgested to the rommittees of (the Nutizmal Acadeny of Soieacex thas
"the tovie grousTiies of growtherezulating subslances '=» ths destruction of
€Tops or the limitaticn of crop produsticrn”™ migns be of =ilitsry interess,
and propoced that the herbicicsl propertisy of these growthevesulsting chesi-
cals shculd be tasted of f{isld crops (Kraus snd Mitchell, 1947). Encouse of

the war, Yraus and Milghell uid =ct publicize the results o cheir 1941-1943
experizments,

3

3 A thorcugh historical reviev of wartize resesrch o= Rerdicades, recently
preperad by the Scivhzonian Instituticn, hus ocen publiczhied in Aszpiculesral
History, July 19537 (~=2terzm, 19687b),. Minrnell's originel l-1b. tottle
of 2,4-0 i3 pov a2 part of the collautiun in the Satthsontian's Divisics of
Agricultaire snd Fovert Prodncta, '
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The United Stetes Arzy L.‘:iate" 8 contracs vith %he Ualversity of
Chicago in lMarch 2343 to scpporst the ‘research of Kraus sad Hitckell, and to
pay for much of the work which had slready tesn dune, Since the wer sysins:
the Jepanesc in the Pacafic was of incressizg ioportocse, Lt i3 not surprising
that the effectiveness of 2,3-D and 2,4,5-T in killizz rice was included in
these investizations (Krm.s and Mitchell, 1947). Aluvzough the early raesults
vere promising, it was later learned that rice 1s gemerally gquite resistant to
2,4-D. ’

Largely on tie basis cof the results Kraus had reportel to the
Natioual Academy of Scienzes, the Army intemsified its herbicica renearch,
assizing this =ission to tie recensly established Ca= Detricz (Peterzom,
1947c), The Army resesrch teca carried out the synthesis snd testing of
nesrly 1,100 substances in laboratery serrezing, gr-e-...:mae tesss, and later 4
under the directicn of Mitchell, as applied to fleld ¢

Until the end of the war, the U.S. resesrch program was sn offizial
secret, However, on January 3, 1945, Secretary of war, flebert Fs:terson, =ade
Futllis = lztter frezm Ceoree '---v vaieh 17stan,. smong other siszificazt accom-
plishments of the wartime progrea, the testins of “the effects ¢f core than
1,000 differeat chemical szents con living plaats.” Although visiory was
schieved before the herbicides could be used in warsi=e operatisns, Merek
declared that "omly ®he r=oid endizg of the war preve=ted fleld trisls in an
active theatire 2f synthetic agents tnst wuld, withoat iajury to Buzan or
apizal lile, aff:et the groving crops end =zaxe them usaless,”(Mersk, 1946,
and Shalett, J.S-.R) ;

Even tnouga the var-tize resz2arch effort was directad orizarily
towvard anticren cg2uts, the investigaters could Toresee the oizsidera le
possibilities thet 2,4-D had {r agricullure. The plazt:industry ranesrca groud
at Ieltsville prucured 1 1b, of pure 2,4.-D Ifrom the s=2ricen Che=ics) Paint
Corpany, und teraa testing 2,4-D for the cozsrel of various cotmen wesds.
These rialr alzo included toricity studirs and cnimal feeding tests waich
established the sufety of 2,4-D. 70 clizch iz point, Xraus ger-Snally ccas il
suzrd 1/2 g/day for three weexs with stsolutely no effect (Cokes, 1943} and
(Prue., NCWCC, 1XS). . /

During the si=sar of 1944, -results caze ravidily from a zumber of
researsh croup3: the selective action of 2,4-D was revorted (Miscaell and
Harner, 1944); the revsrt by He=mer snd Tutey (12:4) of sucsessiul centrol of
bindweed gtIracted enasiderable puclic atte=sicn; en2 thias public intaress in
weed 2i'1lers pirsusded seversl chemiczl cIsjanies to grcduce and =arkes 2,30 . .,
_ eom=ercially. The following yesr, 1945, ssw the insroduccifn o:‘ "Weedcra," -
the first arstentic herbicslu,
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Cefolliansie for Ju=sle “Yarfsre

jiesrly 20 years of researza and testingweredevuted to <he atzain-
ueut of deraliatisn 3ystems capable of st.ripping evey Juagle fol.age.

The record of technical davelop=eat dat:s back tO tRke establisrment
of Fort Detrick 1a the uviatsyr of 1942-1843. The wur lo the South Pucific was
zaking nev demands o mil{tary technelogy: Coe

"Theve was & great deal of intecrest at that time in

destroying vegetatlon ia the Scuth Pecific theatre, and the prin- \/
cipal means availavle vas high expiesives., I have rorgotten hew

mary =dllicas of tons of high exploilves were required to desirgy
the vegetation on sume of these Facific isiands., We were asked
to investigate chemicals that vere cvailable in large quancitier
in the United States that could be employed ter 'defoliating'

" this vegetation.” (Mirarik, 1363a).

The tactical uses of chemical defoliants in counter-iasurgeat cpera-
tiona nave deen sur=arized: )

“The capability of destroying cover and conceal=ent to
defer? agmuinst and fight off guerrills and craer iypes of. tactizs
*S aksolutely essential. When we clear iegstation {rem roadaides,
railways, anl concls, we substantiaily redoee the oppertuaily for

~ acbush, and thus allow ous own operaticns to proceed in a nore
timeiy manner, Defoliants womld also be used t2 demarcuate brund-
driss. Defoliation could te used ta ¢lear gun emgplacementl, cpen
up fields of fire, rark areas of boembing, or test whether or not

a particulsr area was came=giags or actual vegetazion. (Delmore,

Hear the zlcse of the war, s=:isl spraying of Jeveral Znorganic
defoliants was tested againss sub-tropical vegetaticn in the Fiorida
Eve_rg‘.advs. These tests demonsirated thas spray dooplets applied to ths
forest cancpy penetrated, not only the top leaves, but alio the middle stratus,
and scme even reached the forest floor (Minarik, 1953%). Therefore, =ultiple
treatment I3 nes essential in atri';ping avay :ropical cover,

By June 1945, the Army vas ],rq:a-ed to rececmer,” the ure of eemonivs
thiccyanate a3 a delaliant {n ths Pacific thrutre. Lcvever, hiun Gove.szent
levels decided thac:
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“fomenitra thiccysarte scunded vary suck like cyanide. -
‘wnich ever-body 2aows is prisoncus. If we used this chemical, /
we would 32 accusel e cenducting poiscn-jas warfare; thiers’ore,
. tha plan t& use che=isals for 3acSreying vegecaticn i the
Pacific izcatre was drupped. The var ended B~fcre ancther
‘defeliont' cciid de deveinped." (Minarik, 1%83a)

The ctemicals used at this tize are core scovrately termel desic-
cantse-aggents wiich injure foliage by direct chemical acticn »n Ccrmacy, crus-
ing the leaves to turn drowm, curl, dry yp, anZ wither. L.afl drop by abe
scissicn mav ~r =ay not occcur. Since thevre is little abgorption or tracslocte-
tism, cnly tce foliage and green stems are destroyed and the resu of rhe piam
2y recoves. The effect is like a4 heavy frest. Such agents are oiten termed
"eontact aorhizides.” y ’

In a gostwar progran, Fort Detrick evamined approsimately 12,000
chemicals for defoliant and desiccant astivity. The muss prcmising 700 chemie
c2ls were screened in greenhouse and field tests for their cdeloliant
acsivity (Mina=ik 1933% and Pres<on et al,, 1352). Scme of these deraiiants
were subseauently tested against tronisal weestatian in Puerts Rico {Brun et
al., 1e51), -

A highly significant demcnstration of vegetatisn coni.sl was san-
dusted at Zamy Drum, Kew Vork, 1959. Using A mixture of undiluted dbutyl
esters of 2,4~ and 2,3,3-T arzized at 0.75 gal/~cre, the traes were denuded
over an ares of 4 square miles (Brewa, 1939'.

Shorily after this sucsesaful defoliatiun test, the governmmens of
Scuth Vietnaa requested the U. S. Army to undersaie trinls of defoliants far use
aptinst guerrilla forces. THis request coincided with the fiss: announce=snt
in"the V.3, thai.- e '

“7he army s experimentlag with chemical cechpiqu:s for - /
stripning jungle areas of foriage to expose guerrilla fighiorx or ™
other hosiile forces and ipstallstions., . . .that chemizal ageats
had alread; been purracted that would strip wocded areas of their
follage i adout two or three days.” (Raymord, 1561).

A voriety of chemical agente wer- shipped to the Viectnazmess military
suthorities, asi frem July 1561 %u April 1962, a preliminaiy series of defnli-
2L3h triuls were conducted under the guidance of J, W. Brown. Even theugh
“ariime conditions interfered with the collection of detailed datn, these tests
establizhed thas tne esters of 2,4-D and 2,4,5-T were active ia xilling.a
FAjoTity of the species encountered in Vietnam, providing the nerbicide c3ray
was properly eszlied to the vegetation during & period of active growth., In
edditing, the fisst aerial application of cavudylic arfd shoved pronise as a
fast-acting tesiconnt (Brown, 1562), |
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It was reccemmendsd that furtier screening of chemicals and develcp- v
ment of appiication systens be conducted in Thails=nd or other tropical areas
having vegetaticn sizilar to t.at in Vietnanm.

The de.'olinticn reguits wire sufficiently encourazing that President
Diez's gorernzont in Saigon asjoinged on January 1, 182, plana to use new

" techniqures in & sti~og cointer-ofiensive sgainst scaw.list gusrrilla forces,

stating:

"Numerous 4artniques hitherto unseen in South Vietnam's
Junglo warfZare are Veing ‘naugurated or are adout to by ured ta
hélp turn the %ide of “atils againat the Viat Coag. COre cf these
techniques {s 'devoliztinn' frea the ais; a chemical mecns of stripe-
ping leaves frcom the foliage that maims Viet Uoug uovegants in
thickly wcoded irean, Known Viet Cong beses will .¢ surrounded oy
bare sirntches where the guerrillas will find i% 3'ZZicult to move
wideteesd £ their hideouts, vhich are ottan underground.”
(Turnbuls, 1462)

rurther scrucening orf hersicides ang ci:vrl:pme.:'g b appiicaciin 377~
tems have been conducted in areas of Thailand having vegeétation” sizilar to

" that in Vietram. Fort Detricl, direcied the OGONUS defoliation test proegran in

Thailand, utilizing test sites t:ppraved by the Teal gevernment and military
suthorities (Darrov, 1966a).

Cencurrently, the Department of Agricciture emducted related de- /

foliant studies for the U, S, Arzy at test sitss in Texas amd Puerts Rizo
N 19673).

Vietramese military forces conducted several large-scele %:sts in
the spring of 1962. Unitad States planes sprayed jungle growsh along illghway
15, :zonnectiny; the U. S. Air Force Zase at Bien Hoa jus* ~utcids Saigon to
the seaccast city of Cap Saint Jacques. Zhis 70-mile rcute had been con-
8idered unsave for zonths, and govermment officials had to travel by air.
Following this test, a lugh Victnaiiess orricia.l aaid:

"Defoliant chemicals would aiso be sprayed or Viet Corg
pluntations of zanioc and sweet potatoes in the highla:uds, The .
exact lecstions cf thess plantations have already besn plotted bt
Arrial terveys, Tasts have shown thii: oanice and cweet potatoes
die four days after having teen spray=d, These are the tuo most
imocriant food staples for the coecrunist bards in the sountains.”
(3igart, 1962)
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#dditioral defoliatisn tests angainst mangrove and nipa jala vegeta-
tion along the canals ar? roads of the Cu liau Peninsuia were genductd in
aygust 1962, Ia these trials the heavy delta vegetation was sprayed 400 meters
tack frem the odzr of the rivess and the roads over a total lenglh of 79 «=.
Tae hardivide foraclation known s "Purple” (a brush esnsrol fer=ulatiga c2m- .
prising butyl esters of 2,4-D and £,4,5-1) was apniled at rates of 1.5 an
3.0 gu/ecre. The mengrove vegetation resgpended rapidly, and was ccuplesely
defoliatzd in about cne week. Nipa pels re-pondcd sleuly, turaing sellow and
losing its leaves; it ¢oox five weeks for ‘hese palns to ull to the grovnd,

Defnlistion after five weeks wa3 rated, 95% leaf drep; while the
visibility of the gSround from directly overhaad vas increased by 0% (A...ed
Forces Cuaemical qurr-al 1264a, and Mimrir and Berirauz, 1:'62a).

A second important aspect of the conseguences of deforiition was
shown in the Ca Mau t2sts., Pollowing defoliaticn, tie mangrove stands aleng
scae of the rcads became acceasidle ta the native wocdcutters, who cut the
trzes, converted it to chorccal and sold 1% for fuel (Minarik ane Bertrea,

1962b). Wrere the lacd was suitcols afier remcval ¢f the “rees, varicus crecps.

bave heen planted and cultivated (jimed Sorces Chemical Journal, 1954b) .

Twent; years after Kraus had first suggested them to tlhe Ha.t.io.-.al '
Acidemy of Scfences, the phenoxy herbicides became a to! of was.
iwvember 21 and 23, 1962, the Vietnanese Air Force carried cuat the tirst
operaticnal sprayiag of herbicides for erop dest.-ucti::n in known Viet Cong
strongholds (Pecersen, 19672).

Curzent Herhicide Use in Vietman
[
Since 1961, vhen herbicides were first used in Vietnan (Raymend,
1355, and Mochr, 1255), military defoliation haa become the largest known
use Of herbicidez., The gradually changing role of the U, S. in the Vietnsn
csnflict has, in %urn, altered bLoth the extent and the rnature of herbicide

applications,

Operatisn Hanch Band

Defeliation missions of the U.S. Air Foree vere assizned to the

- *Rewly created Spesial Spray Flight of the 509th Aerial Commando Scuadren.

“hen the rirst group of huge C-123 cargo planes, specially equipped for spray
azplicaticn, cane to Tan Son dhut A:.rpo t cn Nuvember 29, 1961, th= operaction,
destined to e kznown as "Ranch Hand," began to practice & new =ilitary
teshnology (Pruden, 1966).
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Aerial spreying of herbicides for cefoliction cr ¢rop destruction /

cannot be directly ccmeared with any of the civilian uses of heshicices. Even
-Lorestry spraving to suporess decidusts trees, thersby releasing csnifers,

revresanis a poor anzlogy. Militery ule of herbicides dillsss frox other /

arpli-ations in several imporiant raspects--in chjectives, lierhicide formula-
ticns, dosace rates, and erplicaticn methods; and the effact3 are inficenced
by the climate, vegvtaticn and soils found throughout Coutheast Asia. There-
fore, scme of the technical details of udllitary use will be presented. These
faciors need to he considered befors ascessing the possibilicy of leng-tem
ecological ecnsequences,

Herbicid» Fortmulations

Turee baiic types of herbicides are empicycd. The most widely used
is the familiar brush killer mixture of 2,i.D and 2,4, 5-T.

The chemical ncrmally used for jungle defoliation is ageat “Loanee,"?
a $0-50 mixture of nor=al butyl esters of 2,4-D and 2,4,5-T. Orange is the
general puspose herbicide designed to kill foliage, with Leaf fall in tirze to
six weeks, and CCNTrolL Persl1stiig IOr 3Cven v sa wuirths.

Pricr to the adoptica of "Orange,” a closely similar interim agent
hoewn as "Purple” was employed. This formulaticn vas a proprietary, comsar-
cial brush killer which differed froa "Crange" in containing °0 percent Is2.
butyl ester of 2,4,5-T. Ixyerience has skcun that "Purple” and "Orange” are
equivalent in defoliaticn effectiveness, and can be used interchargeably.

" Agent Tdhite” ccmbines picloram with 2,4-D in & low volatility amine
salt formulaticn. Tais combinaticn provides relativel; longer Juration con-
tral of a wide spuctium of woody piants, plvs the advantages of accurate spray
placenent vhere volatility crecates proble=s. This agen: is closely
sizilar to cc=positions used for aerial sprayipg of power line =ighiz-of.vay
throughout the U, S,

Desiccant ugent, "Dlue,” cacodyiic acid is a contact herbicide ez
sloyed for rapid defoliatiocn. This forrmiition does not kill zany wocdy
apecles, Yt it is an erfective grass control agsat, particularly useful in
keeping down heavy grasay vegvtation along roadsides and surroundiag military
encampents, : .

for =ase of compariscn, details of each compeosition a1e su=raicized
ia Table V-l.

# The herhicides derive their culerful razes fraz the color-coded paiat stripe
which girdles each shipping.drum. ’
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Agent

Orunge

hurple

White
(Tcrden 101)

Blue
(Fnytar 560-3)

COMFOSITION AND CPARACTFRISTICS OF MIYLITARY WERDSICIDES

TABDLE v-)

Composition ’

n-Butyl ester 2,4-D
n-Butyl ester 2,4,%-T

n-Butyl eater 2,4-D
n-Rutyl eater 2,4,5-T
Jsobutyl cster 2,4,5-7

£0L (vt)
56 {wt)
Total

50¢ (wt)
3Ch (vl
20% (wt)
Totaul

Tri-iscpropenclamine salt 2,4-D .
Tri-1soprepacolaming salt piclioran

Sndium cacodylate
Frec cancdylic acid
later; ncdium chloride

-

Total

21.79
.81
bal.

lh[ﬁnl AF.

3.1

Purpose

Generel defulistian
Foreat
Brusly
Broad-lesfed crol.g

Geicral defoliation
Interim agent used
Interchangably with

Orange )

Forest defoliation

Long-teim jungle
control

Brush suapprepsion

Ropid defoliation
{short dursticn)
"Grassy pleat coutr.i

Rice desgtyuction
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Yarbicidal actirn of the "Oracge” and 'wh.ta" farmniaticn; depends .
upon absorzticn by the vrlant tissu: and trenslocati<n throughczt the plants.
Properly agplied, in sufficient doses, this systamic effect ~o= kill plants,
and preven’ rest scrouting io ali but the largsat aci =os3T resistant trees.

¢

Cazedyiic acid or "3lue” does not depend wpza trans: ---tion or .
systemic actien. This organlc arseaical ecmpound (3izethylarsezis 20id} aets
zuch like the closely related nusenical crabgrass kiiler MSMA (morosodium
=ethane arsosate) used on “awas, Beoth cocopsunds ere highly effective kill-
ers of certain grass plants. <Cacoedylic acid was criginzlly iniended for ths
eoatral of Izperasa, elephrat grass, bamboo and other plants of the gruss
Tmmlly in d=foliasicn operaticns (Beecher, 1258), ':'.:wever, tie early de-
foliacion trisls in Vietnan showed Siiat cacodylic acid was a fajzs.-acting cen-
tict desiceans capable of witnering vegataticn withis & few .:7s (Browm,
1362b). when amplied Lo follage in high cencentratiens, caccdylic acig
destroys the leaf vef'ore appreciable transleccation cam take place. When upe-
plied at lcwer rates, absorpticn and Sramslccaticn <kroughcut the plant are

:n---lh‘l- "0 -l- u-nd —— -ulna 4‘#.140 _l.- Pl -anr-nl'-d [t nad nfﬂ—r whare {&

destroys existing crups but dees not affect subsequez: growins \I.uca.s, 1267).

In most civilian applications of herdicides, the weed killers ars
diluted in oil or water as a carrier, or are emulsified as normal or as invert v
emulsions. For military applicaucns, however, the "Orange” end "Purple”
agents are sprayed undiluted. Many years of experience in aerial appuication s
of herbicides in tae U, S. have shown that the ester formulaticns generslly
achieve better control of the traated veg=tation thasn car be citained with
azine galts and other formulations.

Azplicaticn Factors yor

The apray equipment used in Vietnam, as vell as the applieation
paraneters, are significantly different froc= what is used in cotZer herbicide
spraying cperaticens.

.Both fixed-wing and helicopter applicaticzs have been made. The
HC-13 heliccpter has deen made avalisble to the U.S. asmy and o the Vietnazese
Air Force (R.V.N.A. P.) fer special types of herbiciile applicatisns.

The bdasic spray pline, however, is the twis engine C-122 sireraft,
equirped wizh & chexmical %ank of 1,000-gai espacity smd A/A4Sv-1 intermal de-
£aliatice dispansers (Farm Chemicals, 1965a). Zach slane i3 fisted with *wo
ving bocms and 'a tail bock, using 14 nozzlas a. ean: wing “uc= and edigcht on
the +ai) bom. ALl spray operations are contrelled Zram a censole Lscated in
the bacik or the plare, designe. %o insure uniform flos 3nd accurate rates of
fpray appiication. The normal crev camplement cc".s‘.:u Qof pilss, co-pilot,
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Flgvere V-4 - Fanch llind Plones at Tree-Tap lieight Clcur Strips through Viet ong Stronghoelis to Dio-
~loue Grouni Activity. Low level upplication in utild moming ‘eir helys minimize drift and provides

i
maxiows ; 2dustior in obscurution. (Cnurtesy L.S. Army Bisiogicul Lubiruto.les, Ft. Detrick) ¢
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uad a technical specialist who opsrates the spray conscle. Tae spray equipe~ .
zent 1s calibratad %o discharge the 1,000.zal tank in a S-min pericd; however,

“the tank csn-be e=ptied in 30 sec 1z case of =mergency.

Lile aerial spraying for civilian applicaticas, tha spray run is made
38 close to the foliage as practical, and at a relatively low spzed. The /
£ar=st3 of Vietnam 2aves a canchy which generally reaches up to S0 £t, with
eecasicnal trees tovering to abous 125 ft. Th? normal altitude tor spray appli-
cation is 150 €%, Speed {s meintained at 130 keots, cnly 7 knots above stell
speed (Lucas, 1957), Under these ccediticns, the spray emerging frem the open
rozzles is atceized by air turbulence to produce herbicide droplets ramging
{rem 100 o 400 o in diameter wvith an average drop slize &fabeut 3CC o The
spray mist settles cnco the forust cascpy in 3 swati egproximately 250 £t wide.

Weather, wied and thermsl currents greatly influence the effective-
2ess of the herbicidal spray. The most effective spray results are ovtained in
the early moraing when the wina 13 cuim aiu IS¢ SpIay cun s2ttle divectiv onto
the turget (Lucas, 1567), .

Tasts kave teen made to detsrmine the degece of gpray-droglet inter-
ception by the cancpy, end by the intermediats and lcwer stories in the Jorest
{Tsehirlsy, 15874}, Iz 1 :z0ist treopical forwst, appreximetely 80% of the spray
dreplets are intercepted by tha folisge of ihe topmost canopy; 14% caught by
tLe intersediate levels of vegesation; and saly 6% of the total spray applica-
ticn reackes the ground level plants. Tata cn pemesration achieved with several
different types ¢n spray bwem3 i3 centained in the Appendix, Figure A-2 {p.300).

Spray deift is o i=portant fact T voich influences the sffactiveess
of. herbicide srplications. Many {ine droglats {200 i or less) are formed when
aiquid {3 released from ajzcraft. Thase rznl) drops are merkedly affected by
air currents. For example, & 2C0 p droplet will drift G 2% while falling 20 It
in a latearal airrlew of L cph.(Tschirley et al., 1357). The Zarther above the
Jungle canopy the spray is released, the more drift wiil eccur.

Scme drifting of small droplets ‘ocours under alzmost all ccnditicns.
Calibraczisn tests cenducted in Thialard establiched that it is necsssary to
release sbout 2C% more herbiszide than w1ll be dencsited cnto the jungle vegeta-
ticn. For exazple, a specified wreatzent with 100% "Dirple” at 2.0 zal/acre
depesit rolume reguired releace of 2.5 gal/acre frcm the aircraft, giving a
tecovery of §0% (Tarrow et al., 1960). The 2C% not deposited cn the test cards
used in calibraticn can be escribed %o g combizaticn of &ift and evaporatien.

Air turbulence resulting fre= low flying aireraft is an impor:iant
facser in providing distributicn of spgray throughout the vegetative grofile.
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vhen all droplets-are falling im a straight lire, =0st of them will Be intare
cepted by the upper periicns of the ferest cancgy. 'mrbu.e..c- frem the air-
craft helps to distridbute the drcplets throughcas the foliaz The pumber of
drops deposited per square inch of leaf surface 23s a str:...ng effact ¢n the
respcase of herbicides. Behress (1857) found t=ac the effactiveness cf 2,4,3-T
increased greatly as the number of dreglets per gquars inch increased from nine ¥
to 72, while the total emount of 2,4,5-7 remained constant.

The picloram eand cacedylic a,cid for=uliticns are ..onsidered nen-
vulatile, and thus are subject caly to wind drifs of fine iroplets. The o=
butyl esters of C,4-0 ana 2,4,5:T,cn the other kaand, exhibit appreciable vola-.
tility under both lakoratery and field conditiczs {King, 1336, Adams et
Al., 1964,. Vernetti and Freed, 1964, a=d M{ller, at al., 1354). Specizlists
point cut that evan so-called low volazile estars of the chlcrerhenoxy acids
uill exhibit pmeasursble volatility whea sprayed az the te=peratures prevailing
in Vietnam. Thus it seems clear that Rerbicide “azors are forzsd vhen "Orange”
or "Purple” are sprayed. Ia fact scme of the effactiveness of .iese Iortuine
tions in renetrating and defoliating Reavy Jungle vegetatics hos been asc:’ibe/
in part to the vopors (Fam Chesicals, 1886). ’

Drift da:mg- is usually mini=ized by allowing a suitable bhufler =cne.
However, accidents nave occurrsd. There ar: rescets of seasitive vegetaticn,
such s rubber treez or cottem, being dazased aearly 1S =iles froem the point of
sprey release (Faca, 1s83).

Cef2liaticn Tarrets and c‘:*ef:ti'res

Military econsiderations dictase how a=f uhere herbdicides will te
appliede-factors greatly influencing the severitry and per=:izence of ecoiogical
disturbance. The particular tactical cdjectives largely daterzine the typ: of
vegatation treased, as well as thether temporary leaf drop or plant kill is ob-
taired. Folicies regarding target seisction in{izence the geographic distri-
tution of vwhere the spraying is done, u:d. the exient of th: area coverad by
herbicide appiication. :

The rate acd nature of revegetaticn asi succce<’sz largely depend
cn whether isclated =trips and patches of jungle -reget:-..ic.-. are destroyed, or
vhether large contiguous areas are comerolled. Spraying crcpland gives dif-
feront ecoalegical =ffects from those created by .::e defolistica cf relatively
undiscurbed foresst.

Aerial defoliaticn .is earried on againss veg-'a:tcn which includes

water weedsr in the lMekcng Deélta, the =ilti-storied troplcal rain forests,
sezcnd-growth brush and grasses along cscmunicaticn rcutes, and mixed
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deciducus or se=i-evergreen forests ia =owntain regions. \3ep anding on %he
military odbjectives sought, nerbh.ides are gelest=t to produce short-term
defoliaticn or long-tarm plant kill, )he t‘ollov!r.g List enumeratns sane of
the major defoliation targats.

* Nipa pslm and mangrove woodlacdy grow in ccastal areas
in deltas and vwithin reach of tid=]l waters alecng the banks and ocut
into thwe raivers aud carnals of South Vietnam. The edges of these
vaterways are sprayed for a distance of 200 to §C0 meters back from
the vater {Mimarik and Beriras, 1962c)., Sizee these are jermanent
traffic rcutes, the objectives 4inciude total plazmt kill and long-
tern vegetation contrel. Respraying at yearly intervals is gener-
ally required. .

# " Rain or Mcist Evergreen' forests usually have three
storiea of folliage with a ground cover of strubs, via-s, and herbds
of variable density. These tariets are sprzzed tc creaxe ltare
stratehes surrcunding Viet Cong str onahold.s 50 that movemant of
Zan or sugpplies in and out Of The area Can be olserved (rea the
air (Trushull, 1362). This type of target requires rapil defolia-
tion; howaver, long-terz control or permaneas kill i{s not essential.

# The dense shrubbery and second-growth brush aleng Lhigh-
\ays and supplv -'04ds create cover for azbush,. Thase areas are de-
foliatad back wuto the edge of rhe forest to deprive the Viet Ccng
of ¢gazealzent (Nev York Times, Marsh 10, 155, Aaymend, 1565, and
Pruden, 1936). At points sitere Viat Cory are kncwn to have sct wp
road bloeus for the cenfiscaticn of "taxes,” ap area 400 msters in
extent is cleared to expose such cperations tar aerial reccnnaissance
and attack.

* 1n the Mekeng Delta area, the Viet Cong orten secrete
caches of armnnicion, fceod and supplies, so well croncealed that they
tre du‘ricult to find en the ground and impessible to detect {rca the
eir. ‘Traes, wesds and underdrush are dnfoliated %o disclose the
locaticn of these supply Jduzsps.

* In areas that have been clearsd Zor villages, buildings
and =ilitary posta, heavy grasses and folicge m=ay hide the {nfiltra-
tion of unseen attackers. This foliage is Txeated to hold dowm the
Jcasses and {oliage ocut to a safe distance. leong-term centrol i.s
dezirable in this ~pplication.
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* Upland forests cc=rrisze mixed deciduous and semi-
evargreen stands reprezenting scme or the henviest forest 2anopies
in Vietnan. Pathways and trails are défcliated betwveen villages
of the primisive meuntain pecrle and nearty Ci.1l Guard defense
units (Bigart, 1952). The s=z= type cf fecrest is sypically found
along the infiltraticn routes a=i supuly =rails Jjust scuth of the
Demilizarized Zone (lfew York I!=e=s, Septesier 24 and 27, 1566).
These areus als 2t™inped to disclege trecy and supply movezmants to
aerial reccnpaissance. -

* A centinuing strugzle has beaz made to keep the Naticnal
Rail Lines cperaiing 4o spite <f the fagt that guerrilla %ands
have cut the line at pumercus zsints by w2 demoliticn of bridges
(Pruden, 1958). To minimi.s === oppertuzity for sabots3z, the
edges of the forest are truates at sufticlieatly frecuent fctervals
to control foliage that would cbscure guerrilla activiiy frea the
air,

*. The mountain forests of the Aznamite Chaln hile the
paths of suzply trails frem Nezsz Vietnaz, threugh Cacbedia and
Laos into Socuth Vietnam. Strategic peints aleng both the Sihanocuk
and the Ho Chi Mink tz2ils {n lLass heve tsen liberally sprayed
(Foisie, L3IZT,  ard l'ew York Tizes, May 12, 1565), presu=ably with
the knowiedse and cccperation =7 the Laotian Governzeat (YNew York

. Timas, May 12, 1965).

# Tae mo3t recent a=2i massive lafoliation effcer® i3 ncw
under way in the scuthern porsiszm of the =ilitarized Z:=ze ’
{(3lzomington Daily Herald, Celeser 2, 1283, ond Wew York Timus,
Septezber 27, 1563) which contaias scme ¢ the ‘mogt dense farest
vegetation 1in all Vietnaz (Lucas, 1967). Tae M2, @ S-xile-
wide zene extending S5 =iles Iz the Sull of Tizkia to the
zcuntaincus inland berder has teen sprayel for the lazst few
months wita hundreds <f tens nf herbiside (Washingten Paily Mews,
February 6, 1567). The lousr & =iles of *he [MZ is sched:led

for herbicidal treatzent a3z well as muchazical rexoval where

necessary (ttew York Tizes, Segtesber 23 azd Qetober 2, 18555},

* South Vietrazese cscps have teen destroyed with herbi-
cides o deny food to the guerrillas (Mew Terk Times, March 10,
1S85). Relatively fow details asout cror iestructicz missions
ere availaple., Crepg said to tive been cdiz:ged since spraying firse
bagan in 1562 (Pace, 1256, and New York Tizes, Jaguary 12, 1832),
fnclude: Manicc and swaet pctazses (3igars, 1952), rice, sugar
cane and vegetables {Pruden, 13:3)..
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The selecticn and tcheduling of targste for» junzle defolisticn or /
:

for crop-destruction missisns involve 1 comzlex chain of military decisicns
and political review designed tg achieve maxismuz effectiveness, as well as
minimize the rizk of unfartunate arrors in herbdiecide spraying. These pre=-
cedures hsve been described by Weslisy Pruden, Jr., (1986). '

"Setting up targets i3 A ticklish diplzeatic business. /
Nominations are wade by alther U.S, or Vietnamesze army coeraiuiers, ‘
but if an Azerican officer vants a target sprayed, he has to pess

the recomrendation cn to a Vietramese officer, who goes cver the

target with the province chie?Z., Then the reccrmendarion goes to

the Vietna=cse army's general staff in Saigon and, if approved, the
request i3 sent on to the intelligenae secticn of the U.S. Military
As3zistance Commind - Vietnam, in Saigem.”

Flnally, 1f it clears all these desks, the requsst goes tg the U.S,
Ambassador in Saizon. Oc=asionally, an cspesially ticklish request goes all
the way o Washingten. One recent evample {nvolved General Westmoreland's
Tequest to begin defoliation of the IMZ, which was submitted to Washington for
aoproval {Maw York Tiwes QOetcoher 2, locg},

I. spite of all precauticns, cceasicnally scme spray may drifs frox
a4 target ares, causing da=age tg rice crops cr rubber trees., When claims are
zade, proopt action is tsken to pay damages, The current price for a rature
rubber tree is %87 (Beecher, 1988).

Even =zore strinser.t'prcceéures ars uszed to limis crop-destructicn
zissicas to those syecific sreas where military effect will be zreatest,
Charles Mchar (December 1965) remortei:

. “Ther= {3 a complex system of political and military csa- ./
trols on the crop-destructicn program. The progrum whizh began last
spring haz touched only a small fractisn--50,000 to 75,000 acres--
of the more than 8 =million scres of cultivated land in Scuth Vietnan.
This iz the intention ¢f policy-tikors,

“Although iue Viet Cang contrel or at lesst contest 70%
o the land ares of the nation, ~rop-desiructicn nissions are ai=ed
cnly at relatively scall areas of major zilitary iosrportancze, where
the guerrillas grow iteir own food or where the populatiasn is
willingly cc=mitted to their cause.

"Jfficials say that no herbicile nissions have been flcun.

cr wili be flcwn in keavily porulated areas, There has beza no
crop destructiion, for sxample, in the Mezeng Delta.

. \
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"There is concern that amy attempt to destrov ¢rops in
heavily populated areas dominated Ty the'Viet Cong could cnly 2end
a new flocd of displaced Vietnamese to join South-Vietnanm's
729,009 redugees. .

"It i3 also suggeated that unless tke herbicides wire
applied on a vast scale, a nove that would probadly be pelitically
impercissidle, {t could have little erfect in heavily populated
areas, 'There is just so much food in th2 Delta that crep-destruc- .
tion missions here wculd have pno rea) milicary value,’ cne officiel
said, '

"Destructicn e¢perationa are intended primarily for foodt
2ields in such Viet Cuag tase arz=as as Wer Zone B, norih of Saigen,
end in areas wherc growers are considered willing Viet Cong
supportars, ' ‘

"Scme Viet Cong units are devoting &s rmch as §30% of
their manpower to growing food. . , .food shortages nave pescms 30
acute in central Vistnam that scme scalysts expect the enemy o
shift more of its military activity toward the North Vietnamese
border, te ease the supply of provisiocns,”(Sace, 1966)

Majtor Vegetation Tyres cf Southeast Asia

The overall plé.n':. formaticns of Scutheast Asz.°, and in particular the
forests iz Thailesnd and Vietnam, have been extsnsively stucdied and well decu-
mented in the Botanical end forestry iiteratures (Leccopue, 1507-19213, and
Rickards, 1552), ©Extenzive invessigations were first ccaducted hy the French
botanists ane foregters (Chevalier, 1913 and 1929, Mauraad, 1943)., lNcre re-
cent siudiiy of the vegetation in the aren of the Mcieng Delta (Duka, 1963,

Van Cuons, 1339, and Duke, 1961, _and the fcrests of Vietpam in genersl have
tesn uncertakzen by specialists of tha United 3tates (Kerman, 1964), The =ost
ccmprehiensive of thege recent investizations are "Vegetaticn of Zcutheast Asir:
Studies of Icrest-Types, 1953-1965" by Llewelyn Willless (1965), and "Forests of
Southeast Asia, Puerto Rico and Teuas” (W{lliams, 1S567)., The zap (Figure V-35)
fro= WHilliams' report zLows the extent and distribution of various ferest types
in Vietaam and adioining resieni. '

‘Ac=:.'d.i.-.g ta publications Lssued by French tetunists, thers are =-re

than l,§00 sy»ties of wosdy plants in Vi:tnem, varying in size foc= ssall shrihs
to large trees; hard-ste=s=d reeds to badbees; and & wide variety of species oY
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palosz, woody vizes . liznes, and herbajecus plants. The major forest forma-
tions oscurring in Vietnan ;xiclude the follering:

1.  Evergreea, Broad-ieaved Pain or Moist forests. Pain forest oc-
curs in areac where the annual ruwinfall excesds 1C0 in., is well distributed
throughoit mest of the year, aund with only a shert ¢y period. 7True Rain
forest is rather limited in dlstribution, being confizs=d mpaizly to lewer and
middle elevations on mountain slopes. Evergreen Moist forest is fcund in arceas
where there are well defined wet and dry cersons or abcut equal langth, and in-
fluenced by the monsccn climate.

2. Jiptarcearp forest, prebably the mos3t extensive type, ccovering
up to about SO% =f the total fcrested area of Vietzz= and nsightering ccuntries.

3. Mixed Decicduous forest, usunlly heavily cut cver 224 rather open.

4. Dry Evergreen forest, concentrated estecially alcomg river or
stream banks. :

S. Mentane foregt, ecntaining o=k frejuentiy mixed willk conifers,
a% niddle and upper elevaticns.

6. Conifercu: forest, in waich sgecies ¢f pine (Pirus) form rother
extensive stands in the uplands.

7. Swa=p foresss:

a. .'-'.sngéon woedland, in coastal arez3, especiz=liy in
delia: and arcund river estuaries.
. ) n
b. Stands of nipa palz, also {n deltas and’ t:i-lm. reaches,
usually where zangrove cccurs,

¢. Stands of cajeput (Melaleusza), in brackisk water alcng
the inder horder or in the viginity of caozuve.

d. Fresh water svacps, generally in tie intarior.

: 8. Savazzas, either epem o sparsely woodad, and Acmizated by o
-_r.rou.nd cever of coarse grassas.

‘9. Thora weodland, consisting of shrubs ezd s=all to =sdiumesizeq .

rreez, cany of which are armed with sharp spines, axd often zixed with na:boe
to for.: 3 cangle difffcult to penetrate.
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10. Zambeo brekes, frequently forming dense fringes along banks
of itresms and rivers, and develop rapidly in abanconed tilled lsnd »r when
glaaring; are =ade in zogt types of forests. .

Scame of the forest associaticns iz Viatnas, as in adjacent zountries,

ars extremsly cczplex in their floristic cemposition. Tre tallests (up %o 100
£t or pore), mzat dense ani ccaplisated type 1s an undisturbed Hain forest
shizh, in scme insgtances, nay ccntain in an ares of ¢ne acre up %o 150 or

more speciea of shrubs and small 4o large trees. Stands separate: bty enly a
short distaace may show stzikingly cdifferent features, particularly in their
structure and the specijus present, so that their classification 1s ofteniines
differant. Tais diversity of firest ccoposition in Vietnam, 23 {n ozher
tropical regicns, may be ascribed to the variability of eaviroprental cendi-

ticns, influernced bty climate, soil, drainage, and by human interferznce. The 70 7

last pazed factor is in the form of felling feor timber, routine turaing, and
the long estublished systes of slash ard burm or shifting agriculture, widely

pz'ac ic=d canecially by peopl.‘a i...b.abihing rem=ote cr mountaincus srcas in the

(TN - ]
VerlsPility in floriutis sompecitizz is zhoum dim Toble Wa vhich

inventaries the zriniipal species appearing in three straia or steries form=ing
a Dzy Zvergreen fores%, located cn Swo test sites treated with herbicides in
Thailand (Tarrow et al., 1986), The two sites are situated ia 2lose proxime
ity, one on th: =as: sida of the Pranou:i fiver 1n the upper Feainsula, the
other cn the wvest ride, It will be noted that Site I is nearly devoid of 2

ground layer of shrub groutb. Site IX, nhcwever, has a dense undergrowth, repre-
_senting appreximately 76% . of the plants tallied. The following records, ex-

tracted Irem Williama' recent study, are espez :Lam pertinent to any ecclogical
studies of the effects of herbicides and desiccants en the vegetaticn of this
type of foreit.

P

"Ferosts of South Vistmam: The forests of Siuth Vietnam.
have been: devastated for zany centuries. First nasadic or .emi- "/

savage pecple occupied the land and destroyed the forests vitnout
discri=minatica, Aftcr that casze the Anna:ites w“no, “in. spite of a
more advanced civilization, regarded the fersst as capable of ree-
genemating itself {ncefinitely, and gave nc tkcught to its protec~
tion. Cespite anple rainfall and cther faverable conditicas for
growth, the forssts were urable to re-estadblish themselves after
#TClocged pericds of destruesion. As a resull, =uch of the vege-
taiicn that feTzerly covered Cochin-China, new forming ..ox.:‘zem
Ssuth Vietpam, ccnsisis in the main of seccedary growth, intsr-
spersed with scattered stands of primary forests.
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Figure ¥-§ - Raiz Forest in tae lountains of Southeest Asia. "hanunenck
(Falojuin crovetur, {3 chacacteristin of’ @013t tropical upland forests.
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PERCENT ZM2STTICH AND FRIQUENCY CF PRINIIPAL
WCCDY SPECTIS IN TME SMMLNANT, TTIFMEDIATE,
Al SHE.S LAYERS CF TE5T SITSS I AIT IT

Test Site T Test Site IT
Ceomositicn Compositisn
Species : (%) Froqueacy - (%) Frequency
Dcainant layer

Lagerstroemia fleribunds 0.2 84 . 4.3 95
Mansonia gagei 4.8 9s 0.4 37
Diosyyros coaetange 0.7 a1 1.0 &8
Millettin lencyntha é/ 75 + a7
Dialium indun -+ 2 0.9 14
Antheroporus plerrei 1.3 12 + 6
Diosryres mollis + . 14 + 48
logerrtzoemia lcudenii 0.3 66 ’ * 34
spondias maacifera + 35 * &6
Meniluara haxrndra 0.8 33 + 39
Diosyyros curranii * 49 + 39
Ceruga pinpata + 37 0.5 47
Bambusa arundinacea -y - 2.0 37
Grewia elatostenoides = - 1.5 29

Subtetal: ocmpoaiticn 8.3 18.4

Intermediate Layer
Streblus zevlanica - 45.0 1c0 ;199 22
Cleistanthus dagychyllus 28.0 a5 0.4 _ -21
reltis collinsae .7 -] 0.2 1)
Hydncearzma ilicifolius 2.4 31 4.3 80
Vitex ouinata 0.3 0 2.8 80
Atsldntia spirnosa 0.6 7 0.4 35
Diospyres cauliflcen 1.2 % 43 -
Eughorbia trisona 3.2 T - 0.5 24

" Fhyllanthus sp. + N 2.2 ss

tliebuhria sisztensis + 48 72
Memecylon cvatus 6.9 66 2.1 48
Grevia lcmenteosh * 18 3.4 66
Mitrezhora keithil Q.9 64 2
Sindora mariti=a + s 0.8 62
Qlea zaritiza 0.5 a8 3.6 37
Fhyllanthus emblica - 3 0.5 27

Subtotal: cecmpesition ar.7 40.7



TARLE V-2 (Cancluded)

- _ Test Site I Tese Site IT

Cepositicn - Compesiti=
Spenies (%) Frequency {1) Frequenss
Shrub Layer
Cieictanthus sp. * 19 16.2 93
Acacia comosa * 48 4.8 .- 82
Masoneurum enn<achvllum + 33 - -2 R
Carparis therelii + . 38 0.7 80
Yentilago calvculata 0.3 o7 e 55
HEv=enocyranis brechiata + 27 3.2 a3
Zizwsohus cenoolia + 20 + 54
Sthencdesza pentandra 0.4 28 0.5 63
Jasminun sp. + 14 + g1
Zuonvmus cochinchinensis K - - 37
Lislaaa Si. + o ¢ ]
Actenhila collinzae * 2 * 33
Tareana lenzifolia + S * 32
Atalantia seandens * 28 + 32
Cesbretum presursun - - 1R 2.4 30
Subtotal: eccmpesiticm 0.7 ' 36.5
Total % Ccmpositien 95.7 . 95.t

a/ Trace _
u/ Hone :
Scurce: Darrw.w (19€6;.
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. "Most of the burning of the ?:T2st in Amza=, ar Central
Vietnan, {z dome, As elsswhere, for s:ifting cultivation, the 'rai’ P
syatem widely ednpted throughout Socutteast Agsia. Iz thisz prccess /
thousands ¢f acres of feresta are burned sach year, followed hy
the plagtiog of crops mainly fer foed. After two or three harvests,
the patches are abiandecned., Sova a geriss of grasse;, particularly

the :wiquitcus I=perata cynr-'-‘ca, sedges, and sush weeds as
Eucatorium séoratum develep. Ivan in ner=al times this practice
of slash and burm is dirﬁcult tn suppress ansng the tribes in the
sountain areas, although it can be controlled to sc=e= degree in
the plains. where people are {n clcser crotact with authorities.
In seme instances during a singla year the intnbilants of a large
" ¥illage zay deatrey a considerabla area ¢f forest wishin a radius
of 10 to 1S nilss. Ba=boo brakes are also uee=royed by rire.
The cffect of <his dsferestaiisn cver a leeg pericd is evidess
also in Central and Nerth Vicinim, 23 showm by a gradual increage
of uncultivated land along the tase of =cuntains, saused by erosicn
Or 2041 ITTA uiie bave wpper sio3ss, filling up the stream beds acd
vith ccnsequent flocds.”

Rasoense of Vegetatior to Herbigiles

-

The response of foliage to ch-nical treatcess varies markedly«-
frem little effect $5 plant kill. :

Reports from observers ic Uletnaz l1ixewise vary. Scze say that de-
foitation is tezperary or relatively imeffextive; cthers state that the trees
are dsad and pare. The following verbatiz .e,.o-ts, weile sczaxhat cenflicting,
ere nrobably accurata: !

"The chenical mixture {s sursesed t©o kill 21V trees and
brush, but the withering and dropping of leaves =ay take {ive days
to three week3." (Bigare, 1952)

". . + begir. “wining foliage trown in 2 =atter of heurs,
but full results are =ot visible fer six mcaths.”™ {Miller, 1S57)

e e .,cuh-.. or toirle cancyy jungle gezerully » equires
two apslicaticas, with the seccna appiiczation four tec six weens af-
ter the first. . .gives effective vegetaticnm ccuirel for nize to
12 zonths." {Famm Chemicals,. 1388c)
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"Practically all the vegetatica in the sprayed areasg was
dead and almost complete (estizated S5%) defoliaticn hagd resulzzd.”
(Ar=ed Forzes Chem. Jourmal, 1S64c)

"Within several veek§ they cause leaves on trees and other
vegetation to vither avay.” (washington Caily News, February §, 1967)

"e « « & powerful chemical killer which destroy: all dut
the biggest trees. . .7 {Lucas, 19::7)

" . . within 24 heurs the foliage Yegins co wither azd
tura brown; within five or six wesks, the leaves curl and fall.”
(Fruden, 1558)

"4ithin three days after a sirgle spraying . . .the effects
are ncticeable. ithin a week there is an 'autumn' affect. 2ut
three meaths =ust pess before the 'winter in Vermont' effest i3
achieved. Four menths after that, hovever, the folinge begizs o
grow back.” (Mchr, 126S)

Such diversity of reports is nct surprisicg vhen ccusideratica is
given %o: .

*# The rezarkable nuzber 3f woady plaats feuni (1,5CC);
* The great diversity of plant cc=unitils found;

* Effacts o¢f seasonal changes; meascens;
o -

¢ Differences among bercicides used; and
* Applicarion 'ccn_ditions which sange from optimum te unfavorabie.

Few {f any scientific repcrts are available {r~3 the ar=as of oper- / :
aticnal .use in Vietni=. The targets sprayed are frequently 4in enamy sireng-
aolds. The most useful data cn respcuse to herbicide treatzmezt ccze frem
cars{ully ccndusted tests carried out in Thailaad, Puerto Rice, ‘and Texas
@@ 15572, and Carzew, LlS56c). . Frem thHese studies certain genasal
sbser 2.3 huve been drawn conceraing the behavier cof trepical vegetacicn
and forest when aer:ally sgrayed with military ..foliaznts.

1. DJegree of Cefeliatizn: Maximu= defsliaticn resgenses of 35 to
955 kave been reccrded, but ccmplets defcliaticn of all spécies has not been
obtained {n any test plct of aixed ferest. . :
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2. Rate of Defoliastica Pesvomse: The phenoxy herbicidas and cther
syatemic defoliants which are absorbed and translocated throughcut weody
plants produce alscission and leaf drop over & pericd of several moaths.
Gensralizactions are difficult when dealirg with so many factcrs, Lut perhaps
tio to three months are required az an average to reach .axmu: lec? rn-
zoval.

Figure V-7 shows the defoliation resnozse frem "Orange” with maxi.
mum leaf dvop between two and four months. At the end of seven monihs, the

liacas have grown new leaves, and some of the faliage is returning to the
trees,

Desicrants ard cnntact herbicides preduce leaf z.oorozis, loss of
moisture ani withering zore tapidly; about two to thre=e waeks on the averaze.

S.milar photas, Figrvre V-8, show the desiceation achieved from
cacodylic acid ("Alue")., In three veeks tha leaves have uurled, and zost
have fallen. Recw-wth i3 upder way tares =snths after treatzent. Table V-3
g¢onrares the percentage ¢f defoliant chtaired with various Lerbicidex for a
prricd of cne year,

More detailed daf.a are presented 2ar various rates of appliecation and
other agents in the Appendix, Tables. d=1 {p.297), A<2 (p.301) and A-3 (p.303).

3. Duraticn of Dafolisrticn: Sc=e trees snd cther woody rlants are
illed; others show t1opicill only, Many trees recover, zroWing new leaves
withiz a year. Root sproutirg cscurs with some specias. Certain species of
trees, including Stiedbluz zeylanica, Hydenozarsus ilicifelivs, and several
Diossyros 3TD. Are relabively reristint L2 defullation. Detailed analysis
of sreies response is being cexpiled (Darrcs, 19563).

Figure V-9 chows the infiuence orf application rate on the duration
of 2fface ive defoliation, ard length of tize to 5C% recovery.

It {3 problematizal ul.ett-.er traes exhiditing ccmplete defoliaticn
like that of Pigure V-0 will recuver. The yercentage of trees in mired

forest stands which show $otnl kill after )2 menths or lot:ser has elaspeu
is z3t known.

4. Scasomal Sffsstx: Woody plants in aveas having seasoral raiz-
fall are smasora.ly suscentible %o herbic.ies. The most suscepiible pavied
ocZurs wnen -toil noisture has ceen adequate for rapid growta. Tae defoliation
response to all systemic nerbicides such os 'Orange,’ "White" and "Purple” was
Swore rapid ard more cozmplete during the rainy season, with its gezerally faver-
able soil;aisture ard grouing conditions, than during trte dry season. Lowcr
rates of chezical treatzents ar= necessary during periods of active grouth.
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TABIE V-3

THYE FERCENTAGE OF TESICCATICH AUD CEFCLIATICH RESULTING FRIM

EERSICIPES APTLIED AS LOW-YCOLULE ASRIAL STRAYS

0% RAIN FCREST VECETATICH

T4me Aftor Treatment

L Wk,

L Ir.

Trestment 2¥ke. Ll¥o. 3 M¥o. O Ha.
Herbicidet/ Gal/Acre Lb/Acre Y ) (&) (8 (%) (&)
Crange 1.5 2 o/r 5328 &3/ci 65 $2 38
—— 3.0 24 i1s/a  73/32 8°/?s 719 66 s4
6.0 48 28/10 19/37 /1 81 1o 61
Picloran 1.5 3 8/6 24/14 34f32 29 27 30
—_— 3.0 6 8/0 Sif21 70/s2 30 53 54
6.0 1= 19/3 S1/22 78/86 & . 75 74
2,4,5-& Plus 1.5 7.5 /5. 25/14  s2/38 s2 40 45
Picloran T : :
(4:1) ———>3.0 15 3fo 25/ 39f32 42 46 51
£.0 o 10 3515 625 ™ 73 69
Paraquat 1.8 5. 1s/e @25/15 21/a5 1S 9 10
—t 3.0 6 29/13 51/29' 88/ux 181 4l 30
— 5.9 12 38/25 $3/55 so/ss 43 15 17

8/ AcTous denote typical ra.es.

’

bk A e o mss a—man At s

b/ The figure to the left of ste slash =ark rerreseats the percentage of leaves
desiccated and defoliated; that to the righe represents the percentage of
defolliation. 3ingle figuves represent Jdefolfaziocn caly.

Source: (Tzerirley, 1967).

BT B3



Menths Duratlen

Manths afior Trgasimont

-
PRy

o

-
. em I
L J ¥

[
L |

'y ) ) 26 33
Pounds per Atre

19 i3 .20 s 30 -
Pavads per Acte

Souzce: Tschirley (1367)

Figure V-9 - Duratisn ol Defolliat’on Response fram Asplication of Purpla

as Related to Dosace Rate,
f. uration of maximm percent decrease n obscurasian,
Data represent mean treatzent velues,
3. liu=ber o1 zantks unsil S04 .—ei:overy ria matizmpe
sesponse. Dato represent individual plot wvalues,

Clhoewrert)



. B @ e e

143

Three Months After Treatment

Before Treatment, December 1964

Figure ¥-10 - Dcfolintiop Response from Purplf Applied at 3.0

el/Acre (26.7 Lt/Acre AE)

G

(Courtesy U.S. Army Binlosi-,t Loboratorieo, Ft. Detrick)
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In areas such as evergreen and bread-leaved Raiz foiest where rain.
fall iz high but uniforz=ly distributed throughout the_yen=, <cedy plants are
less subject to seasonul suseeptidility.

‘Semsopal effects are reflected in the level of tr ~tzent nweded for
effective defoliation of nixed forest stands of diffarent cazopy density.
These herbicidc levels are suzmarized in Table V-4. More detailed conciugions
regarding herbicide effects cbserved in tropical forest tests are presented
in the Apperdix, pp. 234-236, Figure A-1 (p.299), and Figure A-2 (p.390).

Revegetation and Suscession

Tropiczl forest stands sarayed with quant1€ies of zystemic kerbicides
sufficient to kxill or produce more than 85% defoliation show a gezeral pattern
of revegetaticn similar in some respects to that fourd in abardoned forest

clesTings. 1The seral ruscessions ohig:xgg_iih'hese devegetated areas have
been described hy Lisvelvn Willfame {Terni>Tay 10874, .

The forests of Scutheast Asia, and Puerto Racsc have suffered
geverely over the renturies frcm human disturbance threugh falling of trees
for constructica timders, fuelwood, and charccal, or to 2°ear land for
sgricultural usze. Conziderable changss in toe vegezatic.y have been caused
by firus, eivher spontaneocusly or deiiberately set, guazing by demesticated
anizals and wildlife, and damsge by insest pests. Yz Pusrmo Pico =uzk of
- the forest land area hzs been clesred for agricultural uge, ard the rema’iier
is alzmost entirely seccrndary forest. Caly about 1 or 2% or tne tosal arzs of
the island consists of stands of primary forest. In Southeast Asiz, alse,
the forests iave been devastated fer cernturies. Only ia the pountzinous, lsus

scnessivle vegions are therc extensive, undisturbed stancs of pines and herd-
woods af esmmercial valus.

The tropical Baia fcerest is a pries example of & plazt coomeniey in
which rainfall, soil, and vegetation are the principal fastiors that contirbute
to the maintenmazm:e of a smmplex equilibrium. When ome of the compasats =2
the primary fcrest is partly or cozzletely destroyed, the cther factors are

altered ard a new type of'plant cover appears that is-adapted to .he acdifled
er7ireruent,

The general pattern of Tegrowth is essentially the same in tropisal
America as in Scutheast Asia. Revegetation or disturbad aress follous A
similar sequence in developmernt of secordary growth, ard <he successioral

plant cormnnities are similar {n structure and phytosocciolegy, but the syecies,
of course, =sy‘he ertirely Aistinct,
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TABLE V-4
INFLUSHCE UF SDASGH AND FOLJAGE DENSITY ON HERDICIDE TREATMENTS
REQUIRLD FOR EFFECTIVE DEFOLIATION

Rainy Seasun '

Dry Season

{Single Canopy)

Light to Mcderate Cover

5 to 6 lblucrc in
2.5 to 3.0 gnl.

spray

nepeat applicaticn Equal to Blue (65§
" oy Lo needed in 2 cacodylic acid)
at 7.7 Lo 9.t
effective Acfolia- lufacre

Defoliation Iight #e Moderate Cover Densa Cover
Requirement Chemienl {(Sing)e Cannpy) (Multiple Canopy)
Fust, Cueolyllic 5 to 6 Jbfacre in 5 to & lbfacre in
Chort-Term Ac 4 2.5 to 3.0 cal. spray ‘ 2.5 to 3.0 gol.
Deroliation ' apray
or
Deaiceation Equal to Blue (5%
. cacodylice refd)
at. 7.7 Lo w.0 b/ to 3 wucke (o
acre
tion at ground
s
& Jevel
Effective  Furple 1.5 to 2.0 gol/ucre 2.0 to 2.5 galf

Defollntion or
(62 rto 754) Ornnge -
for Muleratle
Duration, 3

Lo 1 Fonlhs

Max imum I'urple
Defulintlion ov
nhd Duratign,Orange
6 months o

more

Source?

YoBbi

undiluted or in
1:1 mirture wyith
dicgel furl

2.5 to 3,0 gnl/acre
undiluted

{Dnrrew, 1966d).

2.5 to 3.0 gal/acre
acre¢ undiiuted undiluted
Repeat dppllcntlnn‘

ray te necded

after 2 months

2.5 1o 3.0 gal/
acre undiluted undiluted
Repeat applization
may be eeded
after 2 montha

2.5 to 3.0 gal/acre’

Dense Cover

]Hultlple Cnnopx!

5 to 6 Wb/acee in
2.5 Lo 3.0 gal,

spray

Repeat appllica-
tion may be
necded In 3 to 4

. ueeke for effec-
tive defolia-
tion at ground
level

2.5 to 3.0 gal/
acre undfluted

3.0 or more gsl/
acre undiluted

‘ Hepeated applicn-

tion may bLe
ticeded in fol-
lowing raliny
scagon
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The first. staxe of successicral growth that develops follswinz
disturbance of czuse, humid farest is usually dominated by grasses and i
weeds. These are generally short-lived, of l:ss thar one year..as a rvle, P
in clearsd arecs such as thoss abandoned in shifting agriculr.t.rc tre plants
that develop in the initlsal stage of secoadary growth ‘are entirely Gifferens
frow those thet grow in the primary forest; likewigze, seldcz do azy species
in the seczadary growth appesr in the pri::ary’ fomsg\.o Forest stands disturbed
by the spplication of harbicides may show appreciable regrowth of seedlirss
crepresentative of the origiral voody plants due to root spreutiag, from
Secdn presezt iz the soll, cr sesdlirgs that zay have survived the trestinent.

Zhe neoxt phage muy bte dominated by shrubs, followed bty trees of
quick growth, Or .hZe sucgeszion may lead almost dirsctly frcm the kerbaceous
stage to tree demirance., The secondsry ,'oresr. i3 ususlly zcmposed of fast-
growing trees with soft wosd, apd their seeds are wind cr azinal disperseu.

In Thailand twa weeds that develop =ost ibundantly in alandcned
lard ard in forsst claarings are EtPatori m ordoratum, and the ubiguitcus

graas (Izverats cylindrica). Daoih plints are light loving and cazact thrive
nrdaw shyims amd srgzz. Latis ‘.'.:‘.. ground L. ssltmizad Uy JArubs. Tué alauis

stage is follcwed by the development of a secondary forest ia which trees ol
the genera 3c=hax, Dillenia, Vitex, and Gre'-za appear, and in hu=id sites
spacies of wild banapas (’«!u a). appear. 1In zary aceas in "Ssi.ana, a3 in the
other Mekoru Sasin ccuntries, the weeds, grasges, uxd skhrubs are gradually
d=nimted by dazdoos, jarticularly species of Zazbusa and Thyvrsostachys,
which may even suppress the development of trees. Thiz {: particularly
coticeadls in cuzever stands of tesk, as well ss in the humid Evergreen
Lorest.

Successiczal grewth in tke Rain forest of trovical A=crica i3
‘sizmilar in strusture $o that of secondary Hain foredst in Scutheast Asia,
alithough it i3 guite differers, of course, ia floristic cazpositicn. Th
ubiquitous grass (Imgerata cyiizdrica) is widely distributed in the 01d
aorid &ropiszs ard readily develods in forest clearirgs. This weed doez not
cceur in tropical America except ia Chils, dut I. bruasiliersis arnl other

.gTasses are analogeus. Incertwining sed,es cf the genus Sc;.eria, with

sharp-edged leavas, often for= an alnost ipgerstraple vangle in secordary
forests of tropical Averica. 'Ia Pucerto Rico, as elsewhere ﬂin trepical
Amwrica, aacng the most Irequect trees. in ssscndary forests are "Yagruso

‘he=bra" (Cmersvia} and "Yagruzo macho" (Didw=coersx). Both propagate

naturally and thesr groweh iz mapis.



Figure V-1 P - Hevegetitlon after Ore Year In Foreut Quening Grooted by Heawy Agplication
of Harbicice. Lartoo foreut k the doralnm; nuoosouor, with varias grasses
ud o<y parrtu covering tte groud laer.  (Courtay F. Todhirley)
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Zxtant of Herbicile Avrrvlicstion

There bas been a steadily increasing pace in defoliation flighis

giace tne {irst operatioral empleyment of herbicides..

In tee lazt two months of 1952, when cpray flights first started, /
only 60 missiont were flowa. OQnly 107 missions wers lcgged in all of
1962° { pruden, 1328); houaver, by 19566 ovar 3,000 ..crfies wes® flzun
(3loomington Daily Herald, 1366)

Chemical congumption shows that over 30% of the herbicides sprayed /
are systemics (Oranze, Waite or Pumile), while c:‘-'id.erablj less than 10%
hai been cacodylic scid for desiccation ard destroyirg rice

The fcllowing table shows the approxinste extent aand distribuiion
of herbiclds spplickism fram 1922 ¢o date,

e wea

ESTIVATED* AREA "-“BIZID.-‘\IL? TREATED®s IN
. SCUTE VIETIGM

Azres Sopraved/Yesr

Yoar Defciiacioa " Crom Daszrusticn Tosal ol Beth
1962 ' 17,19 717 17,835
1963 24,517 B 14 34,814
1964 53,873 10,175 54,009
1965 94,726 49,657 144,353
(Jan.-Jure 1356) - { 495,537)
1956 775,294 112, 678 , © 885,972
(Jar.-Sept., 1967) 843,536 121,400/ 965,008

Sources: o0 data, cortained in varicus releeses. = -

# Mot actual land area zeasurement. Aress vere esstipated frum the
amber of sorties flown, calibratad $IrIy rates. a::l avarage
W“idth of 3mray gswath coverad.

** Treazed arsa includes all resapraving. Sees areas ar= retreated
anneally (or mors often if needed); no csti=ate ic availavle on
the extent of reapplicati~n, The actual Area i{s deliev2d %o
Ee substartially lover than the figures herm shos.
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