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SUMMARY REPJLT

Review and lveluation of ARPA/OGD "Defoliation" Program

in South Vietnam

Research Phase: 15 July 1961 to 12 Jan. 1962

Operational Phase: 13 Jan. 1962 to 15 Jul, 1962

A group of technically trained and professionally experierced individuals

wis selected by ARPA on direction of USD to thoroughly investigate the
"Defoliant" program carried out in 3outh Vietnam in two phases (Research
and Opcrational), sometimes referred to as Task 20,

The team was charged with the mission of (a) determining the effectve-
ness of the herbicides on various types of tropical vegetation, (b) assess-
ing the results as to effcctiveness of the chemicals in improving the
vertical and horizontal visibility from the air and ground, and (c)
rccommending a research program needed to further exploit the employment
of herbicides for vegetaticon kill and defoliation,

The Evaluation Team began its investigation on 7 April and terminated
its observation of sprayed targets on 18 April 1962,

The report was written in three parts: Part I dealing with the "State
of the Art" in the usc of herbicides in control of vegetation; Part II,

findings, cvaluations and assessments; Part III, Conclusions and Recommen-
dations,

STALK, OF THE ART

Major Uses of Herbicides

Highly effective herbicides are available for killing crops and
undesirable vegetation in varied environments for military purposes, The
successful use of herbicides depends upon a knowledge of the scientific
disciplines involved, the artful use of available technology, strict

adherence to the principles of treatment methods, and effective program
planning and management,

i.
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In 191, o than o0 rillion acres or crop and noin-croplonds Lo o
United Statos wep Lreated with about 100 million ; »uids of herbicides at
; ffﬁtqsg gbzu%—§og‘¥%ll%u? dg}lu??. w?%c phunu;y hgybicidcs, suchvag .
sh=tl and 2,4,5 nat huive baoen employed in uouth Vietnom n re uscd for the
control ol weeds and unaesirnable vagetation on about 40 million acres of
crops, rangclunds, rorests and non-cropland cach year, In addition,
mndreds of thousards off riles or ronduide, railroad and utility line
rights~ol~wsy arc also treated each yorr,  Of the totnl ucrcs treated
cach year with ULhe pheroxy herbicides, aircraft are used to treat more
than 10 millior Serh, an arca hall as large as South Vietnam,

How Phcnoxy Herbicides Kill Plents

Herbicides kill plants by interfering with esscntial physiological
proceuscs, such as respiration and photosynthesis, and by inhibiting the
synthesis and use of metabolites Cswentisl to plant growth. The phenoxy
herbicides kill plents by nultiple effccts including the prolifcration of
celle, loss of apical dominance, and the conversion of stored carbohydrates
sueh s starch to scluble susars,

The herbieides 2,4~D and 2,4,5~T kill nlants by both systemic and
contact action., Applied to the foliage of rapidly growing plants, 2,4-D
and 2,4,5-T enter the leaves and stens and move downward to the roots,
killing the ontire plant, Applied to the soil, they are also readily
absorbed by plant roots =nd move to the tops, resulting in completc kill
of the plant, The phenoxy herbicides will also kill plonts by contact and
systemic action when applied in finec droplets at high rates per acre,

‘hen used in this manncr they will cause desiccation of folizge which may
or may not be accompunied by defoliation depending on the mixture of nlant
species precent ond growing conditions,

When 2,4-0 and 2,4,5-T arc applied to the foliape of semi—dormant or
dormant plants, their c¢lfectiveness ir killing vegctation is critically
reduced, However, when they are applied to the foliage of ranidly growing
vegetation, 2,4-D and 2,4,5-T move downward into the lower leaves, stems
and roots along with the cucbohydrates resulting from photosynthesis in
the leaves,

Since 2,4-D and 254,5-T are sysiomic, translocated herbicides that
kill plants by multiplec causes, their carly effects (1 to 2 weeks) are not
as spectacular as the desiccating and burning effcects of contact herbicides,
For this recason, and bocause of their mode of action, it is impossille to
evaluate their initial effects on perennizl woody vegetation carlier than
30 days alter treatment and their full ~flects in killing thc vegetation
can not be complotely cvaluated until ot least 1 year after trcatment,

Equipm:nt

Herbicides are applied in the United 3tates in spray or granular form
by cither aireraft or ground equipment, Acrial nspplications arc generally
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made by small comercial single ¢nglae agricultursl odqplencs, cor helicopuiers,
Treatments arc rade only when inversion temperature conditions exist and

wind is less than 5 pphs To further reduce hazoar? . drift and insure

good deposition recommended spray volumes arc 3 to 5 gallons or more per

acre and droplct size 30C microns op larger,

EVALUATION
Characteristics o the Vegetation

Fvergreen forests, mangroves, and tropical scrub arc of Lmmediate
importance in vegetabtiun control in South Vict unm.u. The arrangement of the
forest canopy and undergrowth ir. layers; the tigh density of the total
plant cover; the grewt number of kinde of nlmt and the high total
volunie of plant maturisl are ol great n'.pm"tmm.

Nearly all plants of the Vietnumese forests can be controlled with
horbieddes in reasorable amounts; saue trees rcequire larger <mounts than
others, Unless applicd during &\,Liw; growbh, herbicides are much less
effuctive,  active growth corresponds guncrally te the rainy season.

Planbs killed by Lerbieldus will e »oplaced by othar kinds ef plants
unless bhe seil is culti\“tcf} or brostnents poepeated,  Shrubs, tropical

grasees, or small Lapboos olten constitute a veory Jifficult contrel
nrotlele  flepoat Lreabmenty, prebably annuelly, will be required to keep
s ared freo of vweyutatien,

- Trunks of trouvs, vinos, and obier vegutabion killed by herbleddes
will romedin,  Thios naterdnl earnob be burned without :1lin, the treus to

inprove fuvl structurs and turning proportics, KHescareh }tﬁ@\ﬂé,d 26 and
oparabiona) axparione: el forcst ire ,xmbeet.iun z\gohcim in the Uhittd

States 1will sdd in solving this prellen,

hothod of Bvilu ﬂ-&;l.@n

 Bifeesdvencss of heebiedde treatisents waa cvaluated op b n*&Siz of
P lathon, canopy kill, wertiesl vz ibihz,y s herizontal vi.zitzil t}, 'md
distribation of hurbielde, ror caeh turget ciach of thewe Pretars wns
assighed & awmerieal eabing totiwooh zors (no affees) and 100 por mm‘.

(«*«m; 16 zrf‘ioct.). Indivitdunl eatings were avepsged and rountdud to the
whole nwibor (Appendix &, ‘@i Table &4, Sugeary of Target Bvaluation),

CBueh o nerbor nedo wrlttan obsepvitions on chapaseteristles of the
vigetation, ineluding rospenne Lo hotbdeldess dedft and natuec of wifuets
Cof herblelde outsice Lurgel suvasy and cutt.ing,hwning: o athey activity
of loeal vwopulstions after hirbicide Lpastmmis, Thed observations weee
utilie.m i: uvmltmt.mb uucct.i.vuww of the b :watmnw.

iid.
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The critorion for "defoliation" was the degree to which leaves were
actually causcd to fall freca the plant,

Effectiveness of the herbicides in producing defoliantion was estimated

cr: the basis of a comparison in leaf £all from trees in adjeeent tret .d

and untreated arcas, In some portions of scme targets, and ot certain
kinds of plants, leaves werc shriveled and dricd but still adhered to the
plante In othcr portions of a target, trecs that were tolerant of the
quantity of herbicide reccived had lost few if any leaves [ros the soray,
In other cases trece had lost all their leoves, The entire tacget area
that it was intended to epray wns evalusted s o single wnit, including
skipe as well a3 treated portions,

The eriterion lor "eanony kill" was doath or the avove-ground portions
of the plant, durding ground obzurvations dead trees could be differentiated
from those which were morcly defold-ted snd desiceated b cuttirg into lower
branchea, trunks, or root collirs -t ground level, A& deterednstion of the
probavility of = trae dying or llving could be made on the Lasis of dis-
coleration of bissuc at thy weints of such ocutting, causvd by tronslecation
of the trbieidc,  In werial observitions the besis for this ratire was
essuntially the same a8 for derell.udien, taking into considerition the
resulte of ground obsorvitions wede g avove,

The eriterion Jor “wirticnl vizibility" i@ bhe wwilnated perewnbage
af the ground thit eould £ scen when & sprayed arcn wee @bssr,ad {ras
dircetly sbove, in vemparivson with fn.'wdj-g,mt wnapoayed srv i,

“he erituplion l'or “horizontil visiis* ity wae the improvenent in the
2eility of =n sby rver ta suw find rucggniuc shjcets b or near ground lovel
Cuoie Alstanes {ron hlasold ss affset.d by the density +1f she veg »t:.t‘.ie‘t

IR

1ntmm&dqm43mmmmﬂ‘dvthWQttJMnmu‘wwfags
Thu erditeris for "distiritution of the huruleides® wore:  the .wﬁp@nsé
of the shove pround vegutatdon Irom bhe sedl surface 86 ths top of the
tailest troe (vervieal distribubisn), () eix response of the uppsr Vege=
Latisn enniogy Yo loek of undfersdvy oy deposit in ule sm” swath ond
"sidpped areas® on the tapgut {norizental dis tribution), sne {e) the
mesponse of v get «.t.iqn fmf! crops sutside the intended target to deilt,

v*xlu Lim 91 Lnlpct g u?u..

A thorough nnd intunsive evalustion of le targete dn 11 obaervational
apead showw! Wb, when cvalibed o she ade, thc hxrhicidvs Wore. 89Rroxie
satoly suventy poresnt (T05) effestive (range 5@‘ to W0%) in ncom wnshim'
the wbjectives thit % boen ssbublishoed and, whan ui»m rved on the ground, -

- they wers sixty purcent (80%) ifective (rm\a G Lo 805 ). The ovaluation
of thu Largets v uw,wu'imm in ’l‘wlc be : a PR

ive




detailud dab. on bhe judividual torgets cvaluated by the team are con-
tained in Appendix A, Location, kind of vegetatirr, troatment, and other
inforaction are nresented, in sddition to the numerical ratings.

It is obvious from the results observed and reported in Table 4 that
significant improvemente in vegctation control can be expected from modifi-
cations which will (1) reduce spray drift, (2) incrcase spray deposit in
the intended spray swath, (3) inercasc the volume and acid cquivalent per
acre, and (4) woly the herbicide to actively growing rather than dormant
ve, tation,

Tvaluabion

Acrial appiications were made with ¢ither the Fairchild C-123,
Douglas C-47, Douglns AD-6 airplancs, or Sikorsky H-3/4 hclicopter, A
Buffalo Turbine sprayer was uscd for ground applications,

‘The aircraft spray cquipment, designed to disperse liguids thc
viscosity of fuel at one gallon per acre, had to be operated "full out™
to deliver 1 gallon or less per acre of the herbicides uscd, because of
their higher viscosity.

Hozzle sizu and arrangement produced. spray droplets considerably finer
than 300 microns diameter, resulting in cxcessive drift and loss of herbi-
cide from some targets,

Trmcdiate minor modifications were suggested to increase droplet size
and dclivery, lujor modification will.be required on cach type of aircraft
dispcrsal equipment to make it capable of delivering 3 gallons of viscous
herbicide liquid per acrc.

Suggestions were made for further usc of the Buffalo Turbine and MC-1

tank and pump assembly removed from the C-123, as ground hydraulic sprayers,
by equipping them with suitable hose and spray gun type nozzl:s,

Vs,




Tatle by om0 Targt aolwet loaae L/

Aerial Obuervat.mg 2/

e ra—— . vmaal s B e e

j?)v:ﬂ.urn..*.im Uwaluavicsn Av, for Each Tareat _'_3_/ Tvaluation
Criteria
Criteria ‘ 12 3 b 5 ¢ 7 8 910 1% Av, 3/
1, Defoliation Gy 70 UMY 700 700 7C¢ 9G 90 90 90 80 50
2. Canop~ W11l 60 70 B0 66 70 60 90 9C 90 8o 90 G0
3. Vertical Vimibiliiys a0 60 80 70 S0 60 80 90 90 90 R0 20
b. Pistribution of Yerbicide 30 60 70 L0 70 L0 S50 60 B0 0 60 60
S. Total Targel Bffoctivencss 50 76 30 60 70 A0 90 85 90 S0 80 70
Ground Ohnexveticus 2/
1 2 3 5 6 7 8 9 10 11
1. Defoliation W 2/ 70 0 7o o5a 90 2/ 2/ 2/ 8o 70
2. Canovy {11l Lo 70 70 ARD 0 90 80 70
3. Horizontal Visibility it 50 60 70 kD 60 60 50
L. Distribution of Herbicide 10 60 30 80 0 80 60 50

5. Total Tarret Oifec ivencss 30 S0 G0 80 Lo 30 70 60

NOTHS ¢

1/ A rating scalc of 0O to 100 percent uns used in evaluating the tarpgets,
0 = ¥o effcch; 100 - 10N nercent affectiveness, Hach figure for each
target criterion is the mean teon rating, See Apnencdir A for a detailed
deserinrtion and ratin. of cach target,

g/ The targets observed from the air and ground irere identical and numbered

to permit commarative ratings. ALl of the eleven (11) target observations
wvere rated from “he air; howeveor, “arget ohservations 2, £, 9 and 10 were
not rated on the ground,
(f” 3/ Hean rating values were rounded to the nearest vhole number,

» .« !
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PART THREE:
CONCTIUSIONS AlD RECOMMEMDATIONS

I. Conclusions

The results of the team's evaluation of the effectiveness of herbie
cides in controlling vegetation in South Vietnam strongly support the
following conclusions:

1. Evidence examined and evaluated shows conclusively that if
properly applied at suitable rates with proper equipment, herbicides
unquestionably can be used to control vegetation, The operational pro-
gram of vegetation control should be continued, provided the modifications
in techniques and equipment recommended by the technical evaluation team
are made,

2. A thorough and intensive evaluation of twenty-one targets in
eleven observational areas showed that when evaluated from the air, the
herbicides were approximately seventy per cent effective in accomplishing
the objectives that had been established; and when evaluated on the
ground they were sixty per cent effective, Based on research results
and use in the United States, and limited employment in South Vietnam,
when properly used these herbicides can produce very significant results
in twenty to sixty days, depending on the kind of vegetation,

3. One of the most important limiting factors in reducing effective-
ness in achieving the full objectives of the research and operational

programs was the dispersal equipment, This equipment was designed to

=
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LAt as e 2 o



O CgTEE o

deliver approximately one gallon per acre of liquids with viscosity
sirdlar to fuel oil, in fine droplets, fThis volume of one gallon per
acre, in fine droplets, did not result in an adequatce deposit of herbi-
cide of the viscqsity used, for optimum control of all types of mixed
tropical vegetation in South Victnom. Therefore modification of the
cquipmrnt will be required., All aircraft used are suitable for herbi-
cide application if cquipped with adequate dispersal equipment, Fine
spray droplets and poor nozzle arrangement on the aircraft resulted in
excessive loss of the herbicides by drift,

L4, Another very important limiting factor in controlling the vege-
tation was that in some ctcses the herbicides wece applied during the
period when the plants were dormant,

5. Plants differ in their tolerance to herbicides and these differ-
ences must be taken into account in planning vegetation control and
evaluating effects of herbicides, Since systemic herbicides, such as
Purple, continué to exert Lheir effcéts ovér a long period of time,

evaluation cannot be made within a short time after application,
Initial evaluation should not be made in less than thirty days and final
evaluation in less thun one year after treatment,

6. The amount of Purple used pér acre gave excellent control of
mangrove, but the active ingredients and volume applied pel* acre werc
not adequate to give maximum effectiveness in killing cvergreen forest
and tropical scrub when dormant, When properly employed, herbicides

are capable of killing most plant spccies cncountered in the forosts of

R
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Vietnam, but the dead trunks and other veretation still remain and ian-

padr visibility, It mav W feanible to develop effective techniques for
imoroving the fucl structure so the woody material can be disposed of by
burning or other neans.,

7. Additional basic information is nended on herbicidesy-eguipmént,
and veretatlon to ivprove the effectiveness of vegetation control and
ﬁevelpp an operational apability in tropical regions. The conditions
prevailing in South Vietnam preclude the conduct of an effective research
pro-ram which is critically necded., Results achieved in vegetation con-
trol and problems encountered in  South Vietnam demonstrate conclusively
that an intepsive proggam of rescearch must be initiated without delay in
localities where there is ready access to the experimental areas.,

.  The Zvaluation Team did not see or examne any areas vhere food
plants had bemn treated with herbicides, Based on extensive research
conducted in the United States and in many tropicel and non-tropical
countries, the technical feasibility of killing all crops in South Viet-
nam 7ith herbicides at any tine during iheir life cycle prior to the
production of edible portions is vell establiched, The herbicides
nceessary arc nov in military stocks, Howrover, other herbicides are

available commercially with which crops in selected arnas can be killed

wiithout damage to crovns of the sarme kind in necarby areas.

II. Recommendations

The Evaluation Team makes the following recommendations with respect

to: .
A, An operational program of vecetation control «- '

: L8
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1. It is stronglr reconmended that the operatio-wal phase of the

vaeatation contrel program in South Vietnam be resumed immediately, pro-

vided:
a. Thot minor modifications on the MC-1 dispersal equipment

en the C-173 alreraft and vhe dispersal ecquipment of all other operational -
alreraft e changed irmedintely te deliver a volume of approximately one
and one half (1 1/2) gallons ner acre of Purple, in accordance with suvg-
geoted mocificotions in this report.

b. That the aircraft which is delivering 1 1/2 gallons per
acrec make two‘passes on eaéh target by applying one-half the load and im-
mediately respraying the same swath with the second half of the load, in
order to deliver a total volume of 3 gallons per acre on the vegetation,

c¢. That the dispersal equipment nozzles be modified to de-
liver droplets of anproximately 300 micron size,

2, That as soon as possible a team of three specialists be ob-

tained from the United States to provide technical assistance to the
operational program:

a. Chemical weed and vegetation control specialist

te

b, Agricultural aircra{t spray equipment specialist
¢, Tropical vegetation specialist
3. That a complete "target analysis" of cach area tobve treated :'
be wade witl. bhe assistance of Lhe qualifioed specialists to detormine¥
a. Stoge of prowth and kind of vegetation,
, b. Seleclion of herbicide, T
¢c. Rate of herbicide active ingredients and total vpluﬁé |

of spray per acre,




o My o

de The cuscentibilitr of and hazard to adjacent crops and
desirable veectation, |
ez,  Selerction of appropriate dispersal equipment.,
; L. Hebeorolopical conditions, ineluding atmospheric stability.
. Tt 1s strongly recomomded that vepatation be treated with
herbicides during its period of active prowth,
a. Evergreen forest and tropical scrub should be treated
vhen thev are activels growing, The period of active prowth generally
j coincides with the rainy sgason.. It s pointed out that the rainy sca-
son occurs at different tirer of the year in different parts of South
Vietnamn,
b. However, available information indicates that mangrove

Torest may be treated with herbicides at any time repgardless of growing

8€a80Il,

5. Small plots, roadside areas, rights-of-way, and similar

arcas should be treated with ground type equipment utilizing the inform-
ation given in this report,
6. That, to afford ademate onnortunity for the systemic herbi-

cides emploved to exert their full effect, no cutting or burning of 5

treated vegetation be permitted for at least sixty (60) days, and prefer- 3
ably for as long as six months,

7. That, vhere it is necessary to maintain areas free of vege-
tation on a permanent basis, a maintenance prorram be carried out. The

need for repeat treatments can be determined only by inspection and now-

ledge of local requirements,
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a, Tt 3 probable that, 44 Turple it used, rotroatment will
Do required on anproximately on avwmal basia,

b, It is probable bhnt the soount off herbicide required for
reneat breatments will he lesse than requirsd in the original,

P, That gbocliz of Parpls m ' nixed Pink and Green herbicides on

hand be sampled according to statiztically sound methods, and the sarples
sent to che tnited State: for analvsis to determine the inentity oi the
coters, the amount of each, and the total acid equivalent of 2,)-D and
2,M,5~T present per gallon,

9. That it is techmically feasible to ldll all of the various
Idnds of crops in South Vietnam with herbicides now in military stocks
(Appendis: C), However, other herbicides are available cormercially with

hich crops in selected areas can he killed in South Vieitnam without dam-

agr Lo crops of the same kind in nearhy areas,

B, A program of Research and Dovelonnent in verotation conbrol
1. That an accelerated Recearch and Development Program in veg-

etation control be initiated in the United States and Thailond to inves-
tigate the following:

a. =Affectivencss of sclected herbicides.

b, Effects of surfactants (surface active agents) cuch as
soans, Adetnrgents, ermlsifiers, ctickers and wetbing aponto,

¢. Development of improved dispersal equipment for aerial
and ground operations,

d. Determination of optirmum rates of active ingredients,

volume, and droplet size for maximum deposit and effectiveness of horbi-

cides and nixtures on tropieal verctation,

e R 5 e




e. AnH1 ccle of provti and other oeoloricnl characloer-
Loties of troplend vocetition, cupoeiallsr tropicsl {orcste,

., Veasibilit o of develoniage effective nmethods of using
vire ana othor moms to dispose of weody material killed by vegetation
control oncrations,

fa  Develop an airceralt dispersal gystem capnile off deliver-
iar 3 gullbns of spray volume per acre as soon as possible,

2. The rescarch procram recommended involven many aspecis of
the agri&nltﬁral and biologicel sciencern, Therefore, it chowld be planned
an? carried out --ith consultation ond cooperatiom ol governmental agencies,
educational institutions, and others qualified ia the agricultural and
hiologic:l sciences to utilize the research information and arperience
of ruch agenciecs to provide rmtual henefits,

3, Trat, prior to operational use, the final field testine of
equipment, herbicides, and tochnigques developed in the United States and
Thailand Research and Development Programs be accorplished in South
Vietnan,

i, That investipations be'conducted on dispersing; systems for
herbicides in solid, liquid, or vapor forwm for use in attacking smcll

nlantings of food crops,.




Page
INTRODUCTION
I, General Background 1
II, Team Objectives 2
_P_A_R_T_‘_ Q_I_J_] - A DISQISSION OF THE STATE OF _'I‘}iE_'. _@*Rg
I. Principles in the Use of Herbicldes for the Control of Vegetation
A, HMajor Uses of Herbicides 4
B. Definltions and Classification of Herbicides 5
C. Types of Phenoxv Herbicidas 7
D, How Phenozy Harbicicus Kill Plants 9
T+ Principle in che Application and Deposit of Phenoxy .
Heroisides Yy Aerial Equinment . 10
II, Dispersal of Herbicides
L, YNethoo= 13
B, Fquipment ' 15
PART THO = TVALIATION Ol" V“"“TA’I’IOTT CO‘\T 'ROL PRO-(‘:R_AJ!
I. maluatian of “Vagatation Contol in South Viatnan
A, Charactordshise of the Vaupgetation 20
B3, Harbicides Used for 13litary Puvposes in South Vietnam 3l
Cs lilethod of fvaluating Targais 32
D. Pvaluation of Tarrets a3
E.— Bvaluation of Zquinment . _ 37
II. Herbicldes on in South Vietnar' :
~As Supnly : , Yl
B, Storage Cenditions of "aroicid@ o bk
"~ 0, Horbicide Tdantification and Cmnhanec with = '
o Componition Spacif:!.caﬂona C 7 _ | Lk
-,_PM‘{‘I‘ 'I"ﬁif:n - (‘O‘IC'I.fr%f\%é f\L'l J(‘DmﬁmfsTIO‘H | _
. T. Conelnmions - . _ .

,1‘1,_ _Reosrrmc.gtipns o - 18
‘r.'tI’P&\I rijig cr:zs ' v
) “-Appendix As  Target Evaluation Data _
'Appﬁndix' fit - Tho Control of Vegetation-!\ro’und-'!ﬁlifﬁqxw Installations in Viotnam
" Appondix Cs Dantmofﬁ_.ﬂn Ar Viet Conr Cropo with Chemicals "
Apuendix Ds Data Form for Hemdbiclde Spray ifsaions o
Appendix Bs Aircraft Dispersal Bquimﬁnt I‘or Apuliontion of H@rhicide an'ay




N " ‘
¢ ID e

REVIEJ AND EVALUATION of !ﬁPA/OSD "DEFOLIATION" PRCGRAM
Research Phase: 15 July 1961 — 12 January 1962
Operational Phase: 13 January 1962 — March 1962

in SOUTH VILIWAL

INTRODUCTION
I, General Background
1, Following some apparent deficioncies, including criticisms and
adverse newspaper publicity in the use of certéin chendcal compounds
(herbicides) for the purpose gf defoliation in designated areas of
South Vietnam, a group ol technically trained and professionally exper=
lenced individuals were selected by aRPA on direction of the Office
| Sebretary of Defense te thoroughly investigate the matter and to
 prepare a ropart of their findings. Brigadier General Frad J, Delmore
' was designated group,leader-ﬁy ARPA, | |
P _-v _ _ ? _ f . 24 ‘The research vhiase ofithe project aa.set up in South Vietnam
. | was kiown as Task Ko, 20 and was carried out under t.he Jurisdiction of
R&D division of hAAh. It had for its objective, to determina the
-'feaaibility,in'thg usc_of chemicals applied as sprays by aircrqtt or,
ground equinment against tropicél vegetatien\in svlectéd targot areas
_1n South Viethna for the purpose of improving roadside and Jungle
N visibilit&'to aid in aorial-and ground surveillance of roﬁ$99'or chemy
o movamnt and supply, to reduce azubuah opport.unitioa for t.he tmow, and -
N to aid in exposing encmy jungla bnaos. |




3 3, The team members were given complete individual freedom of

; action in making observations, kinds of informatic.. to be obtained,
collection of informatioii and evaluation and presentation of results,
It was emphasized again and again that each member of the team was free
to disagree with any conclusion of other team members, and cach was
encouraged to submit a minority statement or repert on any phase of the
subject under investigation,

4, The revort was prepared in two parts, Part One deals with the
"State of the Art" of vcgetation contrel: background informastion,
general principles, and the current status of the use of certain herbi-
cides in vegetation contrel us presently lmown to science. Part Twe
presents data collected by the tewn in the Iisld; the analysis, discus-
sion, and conclusions dravm {ro. these data;_and recomiiendations by the
team (a) to institute an effective intvurim progfam ol vegetation control
in South Yietnam, and (L) to provide for g¢orcurrent ressarch and develop-
nent &ork te yield infermation required for successful vegetation control
in tropicsl regions, |

i o f: ' _ g ., ls  To survey the risults of all field use of Lhe amnloyed chemicals

1' J'between 15 July 1961 and 15 Iapen 1962, o
-'; 2.‘ To evsluate the efractiyan@sg of thus chemicals as bhey'pertain

Bt L z}_,,,_ﬁo the duprovelent of vertical visibility from the air and the improve- .

bmpnc of horizental vis;bility on the ground, ' |

3, To evaluate the offectivensss of the chendcals for controlling

[OOSR P

- "'f-, © - varfous tyoes of tropical vegetation under varying conditions of
;_f';{ o waatheir, olitnte, and gicwing conditions, | '




B T

i e

-

Le To make definite recommendatiéns on the followir: :

a, The potertial of the employment of chmicals against
tropical vegetaticn;

b, the limitations and hazards in the use of chemicals;

¢, concentrations of chemicals in order to e@ect maximun
effectivencssy

d. advantages and disedvantages in the use of mixtures of
chemicals;

6. cxploitation of various delivery and dispersing systems
for the chemicals;

s the uze of chemicaly and the method of their employment to
control vegoetation surrounding critical installations such as depots
and buildings;

g+ the employment ol various chemdleals &xgainst edible crops,
coverdng reaction tiae, limitations, hasurds and potentisls;

s neture ol a rossarch prosraw neoded to further exploit the

~employnont ol churdenls for vegetntion killers and defoliants, under

varyin, environmontal conditions, and be effective within short poriods

of tine ~= days m;d praferably hours,
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~ on hundreds of thousands of wdles of roadside, railread, and utility
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A DISCUSLIOK OF THE STATE OF Thi AT

I, Principles in the Use of Herbicides for the Control of Vegetation

A, lajor Uses of Herbicides

Highly effective herbicides are available for the control of
cultivatced crops and undesirable vegetation in varicd environmments such
as non-croplands, \-regets.tion in and around potable, irrigatién » and
navigable witers, and vegetation in ‘a.nd around ndlitary and non-military
installstions,

The successful and salc use of herticides doponds upon 2 knowledge
of tho statc of the sciuntific discipline of weed and vegetation control,
the art ol the uce of this technology, strict adherence to tho details
and principles of uppropriatu trestient methods, and effective program
:uem{gement. Tae detsdils of control tLrustments dii‘i‘e&r by localities
bucause of Ailferuncus in vogutation, seils, elimate, and growi_ng con=
ditions, A. |

hany dirferent types ol hurbicides are Leling used lor vegetation

‘control and many others arc bulng cvaluated uxperimentally to debermdne

their usal‘ﬁlnass.r In 1761, more than 100 rxallian'pounda of herbieides
were uscd on mors t'.h_ah 50 uillion scres in the Unitud Stetes ab & cost

of asbout 200 rdllion dollars to the censumer, In addition, vvgatgtién -

line rights-of=way is controlled and waintained by thu we of herbleides

-
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in the United States cach yeonr, sinicides B wwed reocrominal and
effcetive in controllin: a wide variety of vegete:' o under strikingly

different climatic conditions.

Lo Definitions and Classification of Herbicides

As an ald to the interpretation of this report the following

definition of terms mey be helpfuls

1. Herbicide - is 2 nhytotoxic (toxiec to glants) chemical which
when applicd »t appropriate rates and growth stages will inhibit, control,
or completely kill »ll or selected portions of or kinds of vegetation,
Horbicides will kill porennial vegeobtation, bub in densc, difticult to
control vég@tdtion mixtures of hérbicidus ahd repuast treatments ace
required ror complete control,

2y Defolimnt - i8 onoagent which couses the luaves to suparate

and fall rrom plinbts, Defoliznts normally do nat kill perernial vegeta-

" tion und regrowblt usually ocewrs, Thure are no known cheandesls which

will cause rapld duleliablen ef mixrd woady nerunnial veg-tation,

3+ lesiccant - is an agunt whieii causus Wi leaves of plants -

to dry with or without subsugquunt deloliation, Desiceants hormally do

not klll perennial vegetation and rogrowbh usually ccewrs,

" Herbicides, lor the purpose of tihis report, may bu broadly and

generally claosilied on the baods of use us (1) contact herbicides,

- (2) 3y3t¢ﬂic'hurbicidus, and () soil storilants, AL hoprtdoides may
© be ither soloctive or nonescluctive deuandinglon their rale of applica-

: tion,
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Contact Herbicides, are phytoéoxic chumicals which when arplied
to the foliage of plants, are not translocated to other parts of the
plant, but kill by loculized action at the point ol application, Suchv
herbicides cause rapid desiccation of foliace whiézh may or may not
rosult in defolintion, wingle apolications of contact her‘uici}iés'nrc
usually not effcctive jn killing percennial herbaceous or woody vefct.(-.
tion, Such herbicides arc effcctive in controlling annual vcgctation.
Examples of contact herbicides arc:  dimethylarsinic «cid (cacodylic
acid); pentaciilorophenol (FCP); &4,6-dinitreo~g=-gog—butylphanol (DI-‘B..Y’) ;
and 1,1'ethylons—s,<t=dipyridyliw ditromdde (ldgquit),
Systende herbicides, arc phytotoxie chaudcunls, which w’nén -i'-.pplicd

to the follia‘e or roots of plwts, ace translocaled bo other parts of
the plﬁnﬁ and Kill by loeal and systedc action. OJuel herbicides xr@ﬁ»_' LY
move frow the leaves to the roots giving a4 couplete kill of roobts and
tops of plants, [hey muy ~+lse e avsorbu by the roots and tmnsloc;xt_ééi
to the tops , killin;, the wntice pl'.nt. High rates of 8‘;'=3tumic hcrbicidc}s‘
will cf‘ltcm glva contact ietion re d“ltiﬂg in dosiucatian which ﬁa;y Gr may -‘:'A:_
not V’m; acuvsmpanicd Ly defolistion. A single np;tlii:mti@n of n systunde |
ii "rbicidc ':i.s often ndeguabe Lo control annu: *l vugmwtion but more Lhan
one &p;:hcation 5.3 ususlly raqu;x'c.d to glw complete control of povenninl

. herbroesus snd ;:e@&y vugub:itiérx; fxamales of syslende 'hcib:i.c’idee:- ares
& ,u-d;chlox'e;).nncwgwuo aeid (2, 4=); 2,4, S-t.richloronhunexyacotic B
':».c;i.d (2,&,5 ) 4,;,6—Lx*ichlombvmoic neid (2,3,6=THi); 2,3,6-t.richloro- ,
'prmm eotic ucld and 2 ,d—dlchlomurcpioﬂic acid (dalapon),




Soil sterilants are nhvtotOV1" chemiznls, vhich chvrn ewlicd te

the soil with or without emerged vegetation presen., kill all vegetation
and posscss residual action in the soil which nrevents the reprowth of
vegetation for periods of six months or longer. The wese of thuse herbi-
cides in the dry scason should bu avoided as moisturc iz required for
thelir effective uoe « Uxaaples of seil sterilants are: s-(phonyi)-l,
1-ding fshyiurei (fanuror); 3-(4-chlorophenyl)-1l,l-dimethylurca (monuron);
Z;C_Ifloz'o-h;.é-—bis (cthylmunino)=s=triazinc(simazine); and 3-isonronyl-je
brrouo-bei thy 1 urdcil (h=t2), e
He, ~L:|.n1d¢_s wmay bo used for Vug,et.,t.ion control, defoliation, and

df.aicc_at.idn. Burbicidas o mixtures of herbicldes are availablc which

A- will kill tiau t.cps ard roots of meut nlwnts, (Mo hurbicides or sther
~cuuz;‘icgls or zfdxtws.s 0l c...n,x..ic‘le are known which will CLUSG rﬁpici defo-
“liation of '.v‘;:g;ct:ubi@n c.r;at‘:b_:xinin(; 2 :-:idc» varicty of differunt sy:ecie's.')
- ».xcr’bici»' 3 uﬂ, zvailu 1o wideh will esuse im .cmm, de sicestion of rollage
.»titbout dgfonqbian ;md witnow 34&1}1* the vegetation, Herbleides sy
alse caus. souo opecics 'to ulowly ahad thedr leaws i euts Pl w‘ly desie=
. : Qubud, wi#ilc ot.lwif ;ilémts_ms ‘not ;shéd thelr leavey cven aftor s Ve
dé'zaicc;ztiéﬁ b.nd.compl; be. bop kill. "cmc ’hgrbicidcs “applicd 0 -:&wd_
) w,y ..t,ion m;; cfmag rwid d@i‘olhticn ol sone wlfmt gt plee hile
*xctmlly i*xhibit,ing ria-io]ht.icn ol vthers, '

C :mpn*‘ oi mnc.g Ropbieldas
‘ ‘I‘h_e :pncrm)gv m:rbicid@:s sie the most widely used berbieides in

~

the ;xrii‘i;uetg Statens  The hurbicidal proportios of theve chendoals were

»m‘;ppi'wd 1n 194k nd sirge that date thay Lave boen uded for wiwd and

Gonlye! of Yoratation (afnod an the 2310 of above ant ooy
"t'ound mayta o) p’Imsm 2 the prevenblon or aldbition of ploal <rovth
P m.mmw vroop amtendod parlous an doshred), '
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brush control on an aggregabe of arowerds - L 20 30im - o

cronlind wnd non-cronland, CSwrently these herbis les nre being used
on zbout 40 willion ucres of crop and non-cropl-md for woed and vrush
control wach yoour,

Several hervicides in this group including 2,4-dichlorophinoxy-
acctic neid(R,4-D); &,4,5«-trichlorophcnoxyacetic scid (2,4,5=1);. 2=(2,4,5=
trichloronhenoxyipronicnic acid (silvex); and wixburcs of vhese are
wid: 1y used to control mixed dicotyludonous and annual monocotyledonous
plonts obther than »eraminl grasscs on non-croplende, Ihcnoxy herticidus
arv available as s8:lbs snd ester depivatives, They are of low to inter-
wdiate or.l veadeity (1050 = 375 vo 1,&0( “‘*'/kg)

The atnrs of 2,4=l nd 2,4L,5=1 are wore effeebive then sult

fors: .«lntimw ot anideto=kill speciics oopoelally in areas eof Iriguent

Chewwy re..infall. Thert wry twe bypus ci‘ é‘étisi‘ﬁ of 2 a-f) and 2,4,5-11

&

(1) the hiphovalsbile shte oo such vs . gthA.l, thyl, G @praps 1, buhy.x.,

agel and othiers, tud (2) vhe l@w-\-'@Lmtilé _csm;z‘asuqh :zs'_b:xt»;:q;cthzmol,

_butﬁxych..Jx“*srop'xs‘al, caryl, cthoxyothony mmnol, i:saetvl, grcﬂ"lc m-f

glreolbutylether "nd o »k;prs .

Uradop hundd high temv patidiey (5° r) cmdita.om. £ ,vm'iﬂg i’ﬁpid
. . ,

drowih, whire velitility 1a nol & hazad to ne:‘j aeunt or ﬂd:i‘:“b:i eroys,

th .high-wlé-,-ti)o e3lurs A ;t..s;urull_y au vffeetdve s the lows=velstily

onbers and 1082 omnelvd, ""m‘ lowevolatile vstirs arc less hamrdous' :

to usu than hdghevolutile esbory in srens ud,]ﬂcﬁm to or neir o nu,pt.zble

arops whun Lempurabures wi 75° By or lebs, lfkn tusporatures exvoed

“"S.é Fop Uhe vapors ol both the highe and lw-vm.t.ilss veters will ecause

8

it s o

Lo it
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injary vo auvarty swoecpiible crops, vut the low-velatile csbors <y much

less hizardous,  Dhe hervicices 2,4-D snd 2,4,5-7 A4 mixtures containing

beth chemdenls will kill o Lroxd spectrws of crop plan.s, Precauticns

sust be tokon to prevent, sproy dradt or vapers from comdng in contact

with suscuptible crops or scrious damnge will rosult,

Lo How Phopowy orbicides Kill Plants

| iervicides ki1l planty by interfering with cosential niguiclogicnl
MICLINCS, such a8 reznfration and photosynticsis, or by proventing tac
synthesis of nmwtebolitos, Suek o vitamdns, wihich are cadentis1 for plunt
grawth . |

CHupbieites such n Q,A-D anid & ,L,;—T, uhan appliad to the Jeldags
of ol m&.;, RIS A CRber i ooveg, atulas w rg@ts » and pow thr@ugheut |
Lile plung L‘m" .,,,.\imur, ill,  ihe puncby ‘k&ib,., =raorpt *me, ,.@w,mn:.t., fm@

eiteetiveness of thise horileides 'zm iﬁ,“luﬁﬁﬁgd' Ly r,-.&ny' mm*a.

ihose houléldes G o9t gx*'a a&ivu Wi spalicd g\ 1.41@15

o proving Vs{_ﬁsi_:&@ic:}. ' .’:f;ri by t&rgj»‘&l‘f*ﬁm‘.w%, mz; hu ddiey, higs wdnfall,
Coand fertile sodls é‘ﬁ@@:‘-‘:&?‘:—,g‘.}s 'm;esiﬂ ol ;m Bt wt,;. They arc i&'zﬁist»aff@@ti\?&}: -
dn Bl gt'\t;ma whea irammt il md ii tretops are unfaversbls

o Tep papld piont srrv;:.‘,mh;, ‘.?.u (,i.sak Ang s,z’., ,5_-’2‘ R epslicd te the DTolduge

&

of .s-,td-&.zum mt G @g&*:‘mt W t-:t'au&m', faﬁgir’.'ii;i.CﬁiVM‘it'i{g o groatly

L mdasod, Tiwdr dﬁ.r «iwm&a ica ‘eorp ated éviiu Lh P of nloat gsf@mas_ .

oprder s ~npulimtim, Ap thv tim of - ;plicaltitfﬂ ) afd fopn mriod @x‘

2 Vo & tiweke ity tnf#-ﬁ&smt_st-. o
e 2yhel) sid 2,4, 5T .-mé_ spplied e.u'uh«' foldage of papldly

growing vegotation, tw horbielder move dewnwdard ints the lower Loaves,
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stems, and roots with the curbohydrites resuluii, :rom WHOL0SyNLLe3is
in the leaves, If the plants are dormont and car~ . .deites are not
oving {rom uhic leaves to the roots, the Lerbicides do not move effectively

downward into the roots and thedr cffectivencss in killing vegetation
is grvatly reducad.

Jince &yuel wnd 2,&,5\-}‘ are systarde, wwamnslocated hervicides,
their carly offcces (1 to 2 weirs) on vepctalion ~lter trentzent are
rot o3 spscbacular as the desiccabing Wl Burning wtoeus of contacs
husbicidus, For bids reaser » ond bocause of gi‘.air mode o nguier, it i
difficult ve svalists thedr iﬁini;;‘, effvets on geprannisl woodr vogetaiion

warlice than 30 days ~fter Crcnbeant snd t( *:’ : 1 e{"2els cun noh ¢

=
L

‘h

5t

Wi

ol Ly ;valu;ts.-&. mz;l 588 1 poar altor treatiint,

IS tsa @:" *gpliu u:.i@,. higi ono I..g t@_'giw. e;:%z,;.c; -_ie_:t.ier.', cater
Cof é,u-uﬁm .;,:.,j-.-. ki.:. ﬁyma r*_.p,.n _f;‘i:éé’iﬁmtiézz-(i Lo 135&;,'_;4':.;-“#@;‘__
't:ﬂ:ﬁm_@nt.-). Setic smeisé will drep th cir ,{.»f‘»..v;és following thy N @.zhs
f;hrg:»:; '.*'.s?@i@i@@5-_ ir J»i: menfor Wedle @t.,,ers willnote The full ¢Tets
| of shth m;m@m e c.:.wsiﬁg e ;u.e'aﬁig., shid ¢ _Vli:usa Af 2 xilh““

- Wgetation esh net be evalusted Lwwdiniely ﬁ‘t@;* Lrp! ;tmyrt.

E. 'b\r_i}‘?@--i ‘i‘ y} t%}é P

: _tx s’a.f:,,!” 51 5;«"'?9;11?2&1'.«"@’@
, : WAt

»@32‘ ﬁ» nﬁ 1C 1 @ﬂ "1@?‘ & d; '§ﬁ riﬂ‘l 5 ‘&M R4 :..:‘I.i'?-:'t‘-'; -"‘g - '
'.amath \iuﬂmg.x, z!‘u tr w »nw fbie - wmm@f Lorbicides applicd by alpe
R . tzr“:.s“t. saeh yoar in :.ag &.mu L &w. 3’wx':h of Uw ares tronted Atk the

P © phoRoRy herbacided in i United States 1s in eange Londe, fotusts,

1
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rights=of~way, and other non-cultivated .rens iniesiboa wiul: voody pui-
enmndal speeivs such w8 post oak, blackjack oak, sh'inery onk, mesquite,
snpebrush, rabbitbrush, willow, ash, maple nand mnny other specics,

Problems ¢ncountered in treating l-nds of this kind are in many respects

comparablc to those in vegetation control in South Victnam. The remsin-

ing acrceage trented by alreroaft involves selcetive weed control in crops,

If the recomrendations for the control of woody percnni~l plants
by cherdenls anplicd with adreraf{t in the United States are summarized,
some principles arc consistent in tht treatments, The herbicides used
most widely ware the esters of é,A—D, 234,5-T, and mixtures of the two,
The rates of application range from 1/3 to 5 pounds acid cquivalent per
acre (equivalent to sbout 1/3 pint to 5 pints of "Purple herbicide® per
acre). These per acre active ingredient rates arc applied in o total
volume of 4 to 5 gzllons of fucl oil or ih an cmulsion of one gallon of
oil to 2 to 4 gallons of water per acre, Lowcr per acre volumes of her-
bicides have been investigated but are not used becausc of inadequate
coverage of dense woody perennial vegetation and too serious drift for
mexdmum effcetiveness,

Some principles of spray deposition are outlined on the follow-

ing page,

TS T A
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7o hber of Droplets Dorositoed per Squore Tnch by Dishributine One
Callon of Liquicd Uniformilv Over o Surfice of one fiere

s
e
3

Actual Tiamoter

e mmmi MmO avo—

thser ol Drovrlots

it erons Por Seuara Tucl

- -

50 ‘ 9,225
100 1,10k
200 142
300 2

han 18
500 9

b A A - —— ———

Table 2
The Tine Toquired for Dropletcs of Vordooo Zismes With a Speciiic Gravity of

1,0 to Fall 50 Teet in Still Air at 700 F,

Dir-nter Time to Fall

———. ———— o ————

iEcrong 5() Feet

200 . 1.3 seconds
100 51 seconds
5o 3. minutes

Table 3

—— s &t

The Distencern That a Droplet 100 lhcrons in Diamcter VWith o Swecific Gravity

i
of 1,0 Vill "rift Mile Talling 50 Tect in  Alr Moving Parallel to the Ground.

1 Velocity Drift Distance
tHles Per lHour ‘Teet
, 37
. 175
265
348
L35
765

SWMmEw oA

o e
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Using the informntion an fable 3, . droplet &u0 wiceons in
disncbor vonld drirt aboul enc-fourth and = 50 miv. 1 droplet aliout four
timcs the distances given,

The relation off purticle size of hervicides and its relation to

the application, distribution, and deposit of herbicidal sprays is
critically isportant in achicving maxdmum ciluetive control of vegetation,
It the particle sive, uspeeinlly of volatile herbicides, is too small,
drift is scrious for twe impertont reasons: (1) the herbicide is not
denosited in the intended spray swath and the resulting rate of applica-
tion my not ﬂc adequat.: for vggctation control and (2) phytotoxic drift
narticles will injure or kill cron piants and other desirable vegetation
outside the intunded spray arca,

The most effective droplet sizes for the control of vegetotion
in the United States, using csteoc of 2,4-D -nd 2,4,5-T in volumes of
3 to 5 gallons per acre, have ranged from 200 to 500 microns in size,

with somc smzllor and some larger droplets in the spray pattern deposit,

IT, Dispersal of Herbicides

A, HMcthods
Herbiaide applications in the United States are made in liquid
and granulnted [orm with effeetive results, The application of herbi-

ides in dust form has beer cvaluated but hos been discontinued Lecousc

i of scrious drift problems, The Federal Aviation Agency forbids the aerial

é anplicetion of horbicides in dust form for this rcason,

{ lowevi:r, when applying liquid herbicides from the air or on the
ground consideration must be given to the degree of fincness of the

SN — —— MR Y Vi
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spray, a5 extrone fineness will alse crente o dealb covler oo well so

vvduce the dovosit receaved by the targct,

1, Acrial Annlication

vhere application of herbiecide sorays is made by aireraft,
the gencral practice in the United Sgates has bewn to apply the material
a8 o relotively coarse spray.  Cortain states have established regulo-
tions controlling the number of nozmzles, orifice size, and oporating
puny prossure that oy be used on airveraft disporsal equipment when
anplying herbicides, dind vcloéity And mroximity of susceptiblce crops
are lso roquired considuratioﬁs Ior applicntion approval,

| To further control drift and increase deposition within the

suath, nozzlus arc vositioncd to reduce the -mount of spray th:t may be
drawn into tho vertices formud by the airnlane's wingtins, Opray drop-
lets entering the wingtip vortices arc raiscd to groater height than
the remcinder of the spray not so aficcted, This ircrenscs tne time
requircd for the droolots te reach the ground and therceby subjucts them
to a longer period of drift which may carry them out of the target areca,

Spray droplets which drift out of the target arca will not
he offcetive in producing the desired vegetatior centrol, This considera-
tion is most importont whien treating arcas which requirce only on. or
two sprny swaths, , |

Acrial spplications of herbicide sprays are normally made |
viicn Lhe air is relatively c:dlm,  Wind should not excced five miles ner

hour and therc should be no thermal nctivity, Howcver in the treatment

PR S pT——
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or largy arvas vhere Llying can be cor ducted er Ss=wlind, slichtly

higher velocitivs may Lo tolurated if the wind is '-.-sm:ad:r with no e¢videncc

of scrious updraflts,
Spray height above the target is ususlly dictated Ly the type
of nireralt used but should b cnly as hagh os is consistent with pood

swath width and deposit distribution,

2, Ground &opplication

florbicides, in spray or granular form, arc also offcctively
applicd by suveral bypes of ground couipment, Generally, more dilute
herbicide sprays are uscd in ground spraying than arce rocormonded for
acrizl spraying, Spray voluncs arc thercfore usually somewhat higher
than in 2crizl application, resulting in greater woetbing oi the vegeta-
tion.

Although‘the nozilos on ground sprayer cquipnent are usually
operated within 20 vo 30 inches of the vegetotion receiving troatment,
drift car bo o problem, For this recascn it is n~cecepted practice to
ciaploy @ somewhat lorger droplet spectrum size for herbicide spraying
than for insceticide spraying.

The application of herbicides by hand or poweraed ground
eouipmnt requires relntively calm wind conditions to permit cficctiw

treatnent of the vcg@tntion and provent drift injury to usuful vegeta-
tion in the immediate vieinity.
B, Iguipment
Recomraended cquipment for the dispersal and application of horbi-

cides in ligudd or granular form is generally similur to that for the
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application oi' other liquid or pgranulated agricultural chemicals, The
basic difference in herbicide spray cquipment is o't larger nozzle
orifice sizes and lowdx'lnnms pressures are used,  This nroduces 2 spra
of largix droplet sizes than would normally be uscd for ins@cticide
spraying,

Genernlly spray cquipment uscd Jor herbicide spraying is not
used for the npplication ol other agricultural chemicals because of the
extremc difficulty in rcmeving all trozees of herbicide from the sproy
system, oven waen nresceribed cleanin;, procedures are used,

1, Adreralt

kost serinl applications of herbicides in the United States
are made with emnll ajirplancs similar to the Piper PA-18A, Piper Pawnee,
Grunman Apg=Cot, Snow Ag-Planc, and war surplus Stcarman biplares, Thesc
airplanee arce capable of carrying 100 to 250 gallons of material., Very
few large or multi-engine airplancs have been cmployed to apply herbicides
in the United States to dote, although, airplancs as large as the B-17,
C~4f, and C-97 have been uscd with complete success on large scalc acrial
insceticide spray prograis . ThcroforeAuxpcricncciin the use of large
airplancs for dispcrsal of herbicide sprays is limited,

S5mall commercial versions of the Bell and Hiller helicopter,
capeble of carrying approxdimatcly 100 gallons are uscd for herbicide
anplication,

The basic prrts required for acrial spraying cGuipment includes

a tank, pwap, control valve, and spray nozzles, The noszles arc

16
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vositioncd on the adveralt to produce a maximus o [octive mweth, oo
oot bhe sdrerait Lo treat as groat an arca ae o onsible during cach
SPray run,

The nunbor of nourled, orifice ciuau, and punp output
canability ﬁﬁnt be t.dlored tu cach size and tyme of aircralt o deliver
the herbicide liquid at the deposit rate desired,

Eocause mostb acrinlly appliced herbicides are used in the
United Stotes at volumes of from 3 to 5 gollons of formulation, contain-
ing active ingredioents and carricrs per acre, the aircraft must be
cquipped with o pump and plumbing system capable of grecater volume thaon
’requirud for most acrial insceticid. applications where onc gallon ner

acre 15 usually adoquate,

=

o pvrovide a coarsc spray and reduce drift, 2 minimum number
of higih velume nozzles are used., These are usually positioned on 2 soHray

boom which may bc located under or behind the wing, The nozzles arc

spaced along the boom to provide an cven distribution of sproy across 5
the swath, However, the nost outboord nozzle on cither side is kept §
well inbonrd from the wingtip to prevent oxcess amounts of spray from 4

cntering the wingtip vortices, The nozzles arce cquipped with some type
of check valve which nrovides sharp cut-off of the spray and prevents -3
nozzlce dribble,

Dispersal equipment installed in helicopters for herbicide
application is usually quite similar to the boom and nozzlc cquipment

used on airplancs.

e u—ﬁr!ﬂm‘f’w(—ﬂ’vv e e e ot
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The recent acccptancc:ofiﬁvcrt herbicide cmulsions for con-
trolling brush alony pow:r and pipeline rights-of- -y has brought about
the dCVrlspmcnt of n horizontnllrotating dispersal device espeeinldly for
ase or hivlicopturs,

Granulibed hufbicides arc casily dispersed fronm ~direraflt
cquipped with modern type dusting cquipment using a multi-vancd spreadoer
lociated under the fuselno,

The Swathmrstoer, manutfacturcd by the Transland Company, is
an excellent distributor for granules, It is an airfoil shaped spreader,
The upper surface is perforated for rolensc of the material, It con be
used to disperse dust, granules or liguids with little or no modification.,
It wx2s originally designed for use on airplarce similar to the Stonrman
tut is now buing used on large twin-ungine airplancs such as the North
Americen B-25 and Lockhced PV=2 to apply qramulated insccticides on
large scale puast control programs,

2, Ground Iguipmont

The several types of grouna spraycrs used to apply herbicides
wmploy spceially designed herbicide nozzles which producé a couarsc, fan—
shaped spraoy, and opcrate at low prcssﬁre. Ground equipmernt includes
boom und nozzle sprayers which may be mountcd on a tractor, jeep, or
trziler; high clearnnce, self-powercd boom and nozzle sprayurs
specially built for operation in tall erops and cquipped with boom drops
to placc the nozzles at the recommonded spraying height betwecn the row

crop for weed control, For rocdside spraying of herbicides a special

18
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adjustable side boom sprayer which mounts on Jeeps or trucks is available.

|
!
!
» 7
i A hydraulic sprayer may be used along roadsides or on rights-of-way to %
i reach greater distances across vegetation, %‘?
| Low volume airblast spraycrs may be employed for similar :%i
. ) vegetabion control where uncontrolled drift of the herbicide would not
) ;o A
. _ ~ create a problem, The Buffalo Turbinc sprayer is one of this typc.
Airblast spraycrs arc avaflable for trailer, tractor, or jeep mounting,
Backpack or shoulder strap carricd hand overated sprayurs,
holding 2 to 5 gallons of liquid are effective hcr‘oicidc sprayers for
! ’ - all situations wheiw use of larger powered cquinment may not be practical,
' A special herbieide tyve nozzle is supplicd and recommended to provide
; greater control of the spray droplets.
| ,
b .
E |
o
e
E




TART TO

L A e LR o, ey

PVALUATTCH OF 0 R0 Tt gonenet, e

e e s Sttty homten .y by 8.

]- :‘.'T N !-\Y. .:\."‘.\: N ~ -n'\ .1\ - Py T oy YT
Ly _.\ AR Vol S_.l.‘ \ AL (S ()C“ e t\ ] \‘Y Y ]l_,"?ll-\.“.

. \har wWConrieldes ol the Verobatio

R

l

]
Sowe undorstanding of tha dclerent Idnds of vorstabtion 13 necose

GAT Lor oonroner appreciation ol the problems of vesetation contrn! in
South Vietnan,

Teresto occupy o larce premortion of +he total area of the country,
The natural fovesis have bcen sreatl:r modified claaring land for arri-
culture, and ave~donng it alter it hac been Tarmed for a tine, Such
clearing, cuitived) 7, and avandomnent gives rise to a secondarmt sorect

that differs fro: the primary forestc in soie sirnilicant charactoristics.

o

Principal vorcot fvpes

The ¥inds of vegetation o7 imodiate sirmilicance fro the stand-

point of verotating contro’ are dense evergracen forest, mangrave Torest,

and tropiczl serub., Ivergreen foroste, as describad »Helow, inelude both

prir.ay lorrsto~=wtiich have not beon cub over--and secondary oreshs thah
have ro=trowa on lands where primsry Jorest has been v ernoved, g‘

Lvergrcen Torest

.

In are s vwhich vere examined, the eversrean forests wein consti-
tuted af a "l h forest" overztor- havine itrees un to 90 to 100 fort in
total height, and an wdsrstory of cmall trees, shrubs, and herbs (Fig. 1).
Trees of the ovng':-tnr;r are mostl larger then 10 inches in diamcter at
bréas‘b heicht, (heh feut anove average pround level, abireviated dub.h,) or

larger, Crovms of overstorr trees uwsually form two incomnlole iarrors.

which %o ether mar form a very ensc canopy and, at otiwar tines, may obscure
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WO NP0 Slian wbenk Q0 nemecuh af the ‘saveand ourfmoce, The lowey lavel of

thie cartnrar L oh ahout f:() Loy GO oot e o b srowit,  morsont among’

the overstor- trees wro apeeles ot Dolbergia, Calopte-llum, Tipt. rocarpus,

Anorosa, Trviugia, Ticus, aw noe of the glant or tree hamboos. Sewme of

thene trees Lave relatively larse butiressed roots, an? athers have essen-

vy

tially stroiely tranke,  Some lianars (oo - vines) reack into the crowns

ol the ovorstory trees and are intricatelr interioven in the c anopr,

The mderstory is covhituted of shrubs, hoerbs, vines, and siall
trees, Most of this ~rowth is les. than ¢ inchus in ddbbr., and un to 2
to 30 Jeet tall, llont of the s‘r.mll ir'e... helong to the understory vere-
i;z,.tiqn, but gonc are voun? growtl of the overstory spoecies, Bamboos,
vines such as lawyer cane and rattan (Calams spp.), and grasses and
other herbs are set closely together i a tangled mass very oiificult to
travel throu;i, and in which vicibilit;” ou the pround is limited to a feyw
yards,
A farvr species of the everpreen Torect are deciduous in ‘bhe dry

season, indicating a transition zonc to'a seasonal evergreen forect, TIn

the areas visited, Peltophorun dasyrachis and Dipterocarpus roticulatus

were amone the deeiduous trees,
"Differences between primar:s and cecondary lorests ave chiefly these:
In s~condary forests there are fawer large, tall trces and the nronoertion

'y

of rhrubs is greater; the understory vocctation is oven more dense and
difficult to penetrate than in primary forast,
Veretation of this kind frequently is referred to as "juagle" --

hovever, jungle is a pgeneral tera meaning any donse or impenetrable tangle

of vezetation,

Nl e



Mangrove [oreut

In econtrast to overgreen forost, thae nangrov: Lforest is uniforr
in structure md corposition, lansroves are of L ceneral '-indss  Thoce
that cromr an shanding water, comacnl -<itiin the Limits off the hirtit Lltes;
and thost thal srov above tidal Livdits in marsty to poorl, ~draincd ~itna-
tisns,  In ofther casc, wayerove tends to form dense, ™ure ctands of oven-
aced groups of trecs; in each groun the irect are of aboid the rame size,
Heicht and dlamcter var- with are, ranging w to from 20 to about h0 o 60
Lort Ton ?17",-71(*-‘?1%.., and bo gore 10 inchics or larger in d,b.h,  The trees arc
characteyized v widel- ::nrckde A prop rochs that iipede both movenent on
the yromd and visihility; the crowmg form a single layor of necrl: con-
tinuons canopy that affords alwost complote protection froiw air ocaservation,

™mically, horbs or other fround cover i almors ahsont or entirelv lacik-

oy

oy

ing, wut ciceptions do oceur; in the vicindly of Hei Ten Litather Hoals
nlace), there tras a ground wover of forn {Acrostichun) un to about eix
feet a1l and dense eneurh tr arovide wurly cormplete cover for men,

-

Tronical Scruvb

Of wuch less iwmortance, b encomntercd occasionally, are areas

3

1

o
1
]
3
3

of trrmical scrub, 'I'hc.e.ro_ arc most cormonly placcs vhere an assortment of
shrubs, vines, and rrasses have occwpdod abandoned eroplends or similar
lande, Trequently barboo iz an imporbant constituent of the vemetation,
The veocdy veactation rances up to about 15 or 20 feet tall--there
may 2 a fow scattered small tree: that rise above the roxyral level of
the other vepctation, The shrubs are characteristically seve . nl~stemed
and treir crosms are often overrun with vines., Voget:ition of this tind

affords effective cover and eoncealaent for men, animals, and equive.nt
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t commondyr is oxtrewmcly ddfificult

Lie o s ad ain cremd obnorvation, |

tooteavel theevstoar ot 0 daee fordenh seruh

Twocrtant Charsetericiics in Conneeidow 5tk Vovetnuion Control

Soveral footures off tropicel foresty vegetation are in marked con-
tragt to forests off towrerate zone:., These festures mayr hove great sipni-

ficoneo in comection ith voretostlien conirol,

a

Compogition anl Structure of the Forests

The nuwer ol different kinds of trees is much sreater in tropical
foreste, T ode o o 227 wnuoal o Mnd severa® hundred dilterent Joinds

4

o7 planto=~trees, shru»e, and herbs--—on a}sing_le acrre of forest in the

troniess thirt to Lftr lkinds would b2 more usual in terperate regions,
“he fact that each ind of plant wov differ distinetly in growth responses,
‘0 the anmal cyele of growth, in tolerance to herbicides, and in other
featurcs is of #freat i.r@ortance in plaming ané execenting operations for
the control of verotation, '

ihe structure of thece forcsts--thiat is, the arranrement of the
canopr and wnderprovit in distinet layers--and the hish density of both:
the individual lavers and “he tobtal =lant cover are.‘im)ortmt character-

j~tins, Statenmonis rrere made hy Viethamese scientists and military pers

sonnel., having con:»::i.derablcab acenaintance with the natural vegetation, ti;at‘ .E'fr
the highert levels of the tree conony mzy” have shielded the lower 1eve1 ,;'fli
PI'rom the herbicides at the rotes and +imes of application, Sore éﬁd@n&e ‘
tending to confirm these étata"«r'wr:n~l‘.;z was observed in the field mrls:. ' This
possibility should be %aken into accouwnt in fuinre work and appropriate .

steps takon to correct it if necensary. Again, according to.Vi?,ﬁhéﬁiéée"?
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metric tonz (660,000 pounds) per acre. The leal surfaces on any riven

al

acre mav actually total several tomny acres in extent. Facts such

these must be recoguizod and taken into consideraticn vhen planning oper-
ations and ovaluatie rooults,

Anmual. Cycle of Grorth

T Lovland areas—-~ <:louy about 3,000 fozt--the a:wual cvele

grovth ia plants '+ conurolled %o a great extent b the et and drv sea-

songy hut thils contrs® is not as rigld as that irmoscd by- the differonces

between winter and sirmer in temperate zmoues. Ceneraily, tre s ~nd othor

vegetation are in a shate of agtive sro-ii doring mach of The rains scason
and are wore or less dorwmt duriar e dry season. Apparcontly, a major-
ity of nlants begin active growth within 2 shord tine of “he anset oi” the
rainy seascon and ™t on nost of thair verobative growth durin: *hoe early
part of it; flower and fruit productini would occur later in the scason,
or possibly acar the beginning of the dry season, It appears tlicree nay
be frequent excertiings to this seneral S{'.atcwmi'..‘ The Tact that there
are s’ign:.lfican’r,‘ diffrrences in amounts of rainfal.i ,  and in *h~ scason of
i{;s occurrence from one part of the countr;- to another, can made a great
deal of difference in the timing of applicstions, and in the results ob-

tained. Definitive information is nreded on these -noints, and the ad-
vice of local specialishs in forestr:; and arriculture shonld Le souht

and utilized, Unles: there is a prolonged period of soil wmoicture short-

age -~ some 30 davs or nore -- it is not uncortwm for tropical plants to
start activc vegetative rrowth at. almost any time of year, and it is not
unusual for individuals of the same gpecies to begin growth activity at

difforent times of the year. Tt is f;’ossible, also, that in localities

(Vi)
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foere thera are fve peaks of geaconal, rainfal Ly with one o» 1ore drier

montlg fnterening, hore witlobe e vk 4 viont  rowhi aetivit

e ivlloviae dnformation

irae wmdshed b Le Perestrer Director .

of Taseirch dn datson in respense o anoeifie cuestions on 2 Arrt”0 1902

"la Door the wonst celtive ero-il noriod of avoreram Torost and
ropleal serie ronerally parallel the v ainr sosoon?  Answers crorhl perlod
of evercreet forect parallels e vty geason; it Mogins o Litile hofere
the star® of "I rainy seamon, frowih neriod of tropical cemih 'mfz.l] eles
the »niny goaoomg i it e vl oongons the orovrth 15 v stroag
at the begitwdng o therains arason,

"2, Mhed neriod of ‘he yenw g tha neot achive rrowing season

’

for: a, “vorgromn lerect; b, Tropicleecruh? Aecoor: Period of the
nost active : rowing ol evergrest forosts 1+ Aprill to Auncuast, Some
svecies have o second growvine poriod ab the ond o *he rain® season, The
pertod of the most achtive srowiir of tro*);?_(::,a.l scerwe Very active from May,

and diminishes sLowle durine the rain: serson,

"3, How soon after 'ha rain season Begine hefore nov growvili is

evident and ner leaves are Dully ooparded snd sreen? Ansver: From buds

ol

to fully exmand:' and eoreen leaves = 2
04 I “r

o 2 nmonthe, The itrees havin-
huds at thv beginaing of the rainyr season b thelr leaves as soon as
some rain has Tallen, ;

"y, ‘hat proporticm of *lie specics in anv single aren of overs

preen forest are in an active stapre 7 wvogetative rowth at hthe same tiwe? |
The species of thc Vietnamese forecsts varyr according to the soils and it

wonld tale some tise to gather ti-¢ iniomalien to aswer this question,!
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Generallve DLambs = wenh cnicdbicn ba Lanhi S0V Saiiem 2 newies

after new;prorth activity hwoe bemm,  3ecmunz of this direct relabionship

betimen ovowtl: ackivits and seasitiviio o herbiel-i:s, it is nocessary that

reliabla information on locd condsbtions be utilized vhen planning vegeta-~
tion control onorations, Txperiencod loce-. spacialists should % eonsulted,
wd qualified 7,3, peraoniel sho 1d be available to interpret, correlate,

and disseminate this iaformation o ficld cormands

i3

Diffcrontial Tolerance +n “erbicidoes

During worl in this arca it was ooserved that there was a aificr-
ontial btolcrance to herbicides amens thie different kinds of rlants, To
some extent, thié diff@rentiai tolerance mayinve been die to differoncesn
in stare of rrouth, ‘Unqhestionablv, thve are other factors involved also,

Areng Lhe speciece idoncified for us by Vietnamese seiontists at

several. ciii'erent localitier, the relative toleranirce to the herbicides

nsed anpenred as Collowss

SEecies Family
Lotrest Tolarance to Herbicide:

Grevrin paniculata Tiliaceae

Cratorylon farmosun Hypericaceac

Nalnhergia bariensis Leguminosae (Papilionaceae)
Pometia pinnata ' Sanindaceae

Tntermediate Tolerance to Herbicicdes

Dinterocarpus intricatus Dipterocarpaceae
Dillenia ovnta Dilleniaceae
Parinarium annamenne Rocacnan

Hirhest Tolerance Lo Herbicides

Aporosa sphaerosperma Tuphorbiaceac

Sindora cochinchinensis Leguminosae (Caesalpinaccae)
Popowria aberren: Anonaccae

Irvingia oliveri Irvingaceae

Parinarium sp. : Rosaceae




.
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Lenoot Tolerance to Herbicides - eontimed:

Moryvros lucidn

Shenaceae
Jarrinrtondia Myrtac ¢
Darbmsa (hamboos) Gramiaca.
elarm (rattan)
Acrnaticihan (forn)
Gracens wad other harbs
It fe onet pretonded thal bedc in a conlete Lisht of specloes in any

of ‘the throe ecatesoricns it ie rather the rogult of hastr and prell dnery

oorervationg, in which most atbention was directed tovnrd singlons ol the

nore htolevant vlants, hence more of them are lictad, Among these plants

e

vi:x tree Irvingls oliveri appears to e warticularl, tolerant to hcrbi-

cides; doubtLos 5, it is 01l one os several treec that will be found in

this cutegory.
Tt w11l be necensary to stud - this matteor of differential toler-

aes to rhenoxy herbicides in consicdersbln detail to dateridine effective

3
.

srocedurcs for overcoming it in nr mans plants as ponsihle.

A -

Dn01duou" c‘*)'\c:: o8

“ile the mized forcsts are twplce:llss evergreen, soc of the

b

troes--Peltoiahomm dasyrachis;Dipterocarpus Threri, ‘D. reticulatus, aud
doubtless otlhar dinterocarps; and sowe lepumec--are deciduous In biv: Jrmr
goason, The mronortlion of decidioms ‘rees in a given arca must be taken
into account in asscasing the effectiveness of vegetation control ncasures,
In addition, :the croutii of nowr Lenves oo these trees can ’;\.; rzadily deter-
mined; Hhicpefore. their ctaoze of ~rowth may serve as an important indicator
of ihip correct tive to apnly horbicid:s bo associated trees that do not

‘h\“(; 11.1(4),? le.tv 20 e
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Vhan the plant cover is removed Irort a troch of ¢ rountl l;"‘buucln,,,

buming, or kiliing it writh herbicildoer, a2 nevr cover will grov wiless the

soll is enlidvated or tent open b oo ether means. This proecass of

SRS

covor verrowrth Tollors aoserics of ordorlss, wore or less pradictzble stens
morm me Mabnral olant cuccoesaiont,
A tvmical sequence of nntural plant succession alter completo clc:xr-
ing ol avergreen forecth in much of Vietnam misht be:
1. “rasces or bamhoos, or a mixture of the aw
2e Donae s‘?‘ rubs

2, Quickerroring coftwood troes

Yi., Slowsr rrowing trr-es; hoth so”arool and? hardrood, wnch lile
the original foras

Tach of theno stases wa  take Tron a Jewr to nany years; i disturbance ic
continund, the prass-barboo or dence shrub stages mus persist indefinitely,
' sare clearinge is aot cormlete, many of the original treer will re-

grow iro. ot ane stroutss the resnlt then mayr very well be a veritable

junsle of graczes, bambong, dense dhimho, and re-prowin: trecs.  In other

situations, gracces mch as blade -rass. (Tmperata cylindrica) and 1

smaller vamboos (vhich also are sracses) matutain their Lold for very long
periods of btivt and may he quite Gifricult +o contral,

T™e point emphazized herc ic that come contimuin~ treatment ol a =ain- ’;
tonance nadure rill alrmost certainlys be required to keen an area open, |
once the original veretation has been removed, Tt is proboble that ro-
troatrent will be reaeired on anprovinately an anual basis bo maintain a

clearnd eondition, Y the repeat treatmenis probably will not require as




“propertics, Trees chonld not be cut for at leoast cixty days after

b a

“ | 1

larpe quantitios of berbicide, Flane should he made at +the outset to in-

cornavnte thin nointonance prograw 1. thi: operabions plun:d Tor o civen

e

arca,

1aposal of "oody Vereototion - Durine
Disposal of Moody Vepetation b Buming

derbiciden, as ermlored in wilitowve operations wnder f10ld condiiions,
arae eapeble of H1Line oot of the Iiade off plants srowin: in e forests

of South Viilbnmwa, esmecinlly bhe bhrovd=lcaved forms that prodowinste bHee

lov sbout 3,007 feot in clevatinn, Tul the dead dree trunks and other
veretation can still wrovide cover and concezlivnt, ond conctitute ob-
stacles to obasrvation and roveront,

Statements Linve been made by  Vietnamere that loczl pomulations rill
cut and utiline the trecs thoat are auitable for sav thiber and Shat aneh
of ithe smallur materizl 1rill “e con ad uscd locallr for firetvocr and
charcoal, Tis atilization should W znepurnged i~ the oxtent that ib
furthers militrrr objeciives,

There will still remain a larse amount of ool material thot v1ll in-
terfere '.'-ri'tl.. obs'rf:r"\r:_d;iov- and movoment., . wing the  heam!s work hezy'e"';, there
haz heen concideranle diseussion of ihe feagibhility oif disposing of the
voody matcrial Tn- :_,;Lmizlgj. Sone :m;;'f-:@sﬁiOﬂS for accomplichiliy this in
areas cominated L bronical merub, vhore the area is in corml~te control

of fricmdl: nopulaticrs, are included in Anpendix B

dovever, ' vroblen of creatiar mustaining fires in hwald tropical

rogions, oven in dead vegetotion, ds mob o siwnle one, Thic woodyr mater-

ial canno* be readily disposcd of writhout fellin: the trees anc taking ]

other steps to compact the fucls and immrove their structure and burning
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treatmente-and preforably on the ondar of «ix monthse-nftaes treatment:

othorrine, the horbicides A1l noh heve thae #o cxert their )Yl of f'oets,
The Voot tedmicsd and prosestionn amtieloance nho o Lo soudhit.,  For aore
than thirty vears tle 1,3, Forert Service and! wany state Dore:t {ire pro-
tection ageneies have bean econdnetic resesrch on forest fires. This ro-
search hag included inilanabilits of funls, processes of conbustion,fire ' .
behavior, wethode of firing, and mawny other factors having a dircct bhear-
ings on the problems of disposal by fire of woody material killéd by vego-
tation control onerations, Duri:: the last fifteen wears w great anomt
of practicel axperience has heen ¢ained in bumi‘ng vepetation on rild lands
of the Amc*ri}can Southwrests in  Galifornia alone more than me and one-hall
million acros off land have bern elrared b conbrolled bumin{_-; ol woody
vegeta‘tioh.

The Jornst Service is in an excellont position to draw uwwon thic store
of” findamentcl recesren Dndormation and practical experience and to direct
anc. coordinate rcscafch i bhe e of Dire for the dispocal of this woody
material, ~lready hoviig a sbalfl of ll"l‘] qualificd profescional. nerson-
nel and rescarc: “acilitice including indoor and ontdoor f'ire reswarch

abor'd ories, The assistance of this apency should be sourht in exploring

the reasibilit, of usine {ive to digpose of the material killed by verc-

tation com mcﬂ operations,

B, Herbicides Used for liliter: Purpose:s in South Vietnam
) Description of herb:.cidcs
Blitary Coce o Trad-omark Cherri.cal Name and Conmposition

1. Blus ' 65% cacodylic acid (dimethyarsinic acid)
: 30% soddwum chloride
37 sullates (as Ha?SO,‘)

et

2 water
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Copte Luobutri cotaor o 2, ,0-T
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3. froons 900 Tery nebubyl, ovter of 2,),5-T

., Pint=freon 30,0 Tope n-butrl ester of Uy 4,5’-—
208 Too, ,Luo.,nlu.ffl ..fc.m* or Ty, 5=

5. Ninorol Com.ercizl Formpdation o the »utoxye-
thanol estors of a 50-50 mixtu s of

! : : g et b
2,11=D = 7,1,54T containing )i nounds of
acid equivalent per ;allon,

6. Trinoxol Commercial formulotion of the hu‘-;-o:rﬁre-
tharol oaher of 2,1,5-T coniainiag !
nound: o acld ecquivalent per zallon,

7. Purple . 507 T,g. n-dut¥l est =D

¢ Pinlz and Cracn were procured separatcly bmt Later rixed to prevent
golidification in storags at temrcratures below T7°F,

C, Mletnod of Twaluating Targets

Durinz the veriod 6-18 April 1967, the Zvaluatioa Tezar insnected
fro- thke air a-d o=;.. the erouand several rerearch and develonmont, snd oper-
ational, Yegetaiion tarpets trealad with i e butoryethanol mnd G:stcrés cf
2,Lh=D and 2,),5-T and one target freoted with dimethylarsinic acid, Using
2 0 (nn efz“ect) to 10G perceat (ecormlete effect) scale, each ccicntist
nvaluated tha Largets to cstirave: (a) deleliation, (b) cancpy kill,

(e) vertical visibility, (¢) horizontal visibility; anct (¢) distribution
of ihe herbicide, The detailed data civen for cach target observation
(hpnendix A) and in the sumaary tarpet evaluations (Toble h) are the mean
tear ratin-~s romded to the nanrest 1holc mmber,

Tach scientist made written notes of cignilicant observaticns for use
in an analysis of the treated targets, These obsnrvations included (a)

comnosition and strmcture of vegetotion, (b) stage of ~rowth of the vere-

tation, (e¢) drift of ‘e hocrbicide and itc ~ffects on veretation outside




s na ety .

the target arie, () attornts by the

artive meonlo o um the freated
e \ . . Lo
arens, (o) cuttine of rrood in ireate” arcar, ~ndd () resnonso of vescha-

Hlon so e berbiciden, e’ other ohoorvetions,

N, Bwalunti v off Tarpete

A thorow™ nnd intonsive cveluttic: of oleven (1)) Largzon shewed

DAY

thet, "hen evaluaiod “ro: the air, bhe horbicids: wvers apprordirvtolr 700

effretive (ranve 5

P BA

0 to O0%) in accomrlicshing tha objectivas S kst Laon
establ. .'Lf'l'w-r"r and, vhen obsorved on the ~round, thay vere 807 eff:ciive

(ronie 30 tn A0 ) The: evaluntion of the tarcets iz summarized in Sioble

LIRS S, P
he

Detailed data on tho individual targets evaluated Y- the teanm are

contained in Annendizi A, Loeabion, ldnd of vepetation, treatment, and
othrre indormation is presented, in addition te the mamericel ratinge,

"he vesetotion resnmonses in arcas adjncont te sad for two viles dowm-
wind {ro the intended sunth deposit indicoted that spray Jrmlt on morth
targels resu.’ oo serions Loss of onroyr devocit Srow b~ intended

snray swath,

Tn vie - of the lovr volume- of Purnle disperscd from the airer: &%
on dornant vnqeﬁabion and the loss off herbicice as dridvt and vapors out-
side the intended sorey owoth, it Lo ectimated fron +hese considerations
and the rooponsc of the vepetation thai consic »ably less thm1 one ~allon
was offectivel, depogited on the veretation in the intended. spray swath,

Tt i encouraping and eriticolly irmertsnt to orphasize that even this lov

amount rave an over-all tarpet offechivenass of 60 to 707,

It 45 oovicus from the resulis obsorved and reported in Table )

that significant 1rﬂrovomon.u in vapctation control can bie expected from




T

modifieationg which will (1) reduce opray drift, (2) increase spray de-
posit in ilic dinvended sorar awath, (2) increase the volume snd ncid equiv-
alent por acre, and (h) apply the herbiecide bto activelr ~rorius rother
than dormant veratation,

The apmlicatien of the herbicice on th: targets rms erratic and
the digtribution poor, MWift of the herbicide sntei-o the targats was
serious, The top grovrt’ of suscoptible treecs tum nilos dowmwind froa the
tarrots hiad been illed, Circumctantial evridence sug-esths o critical need
for 'wndilications in cquioment to nroduce droplets of =rezter mass with
faster settline vates and less .dl"."..";"'i: .potential. he rreponse of evorgreen
forest vo w:e herbicide stroncl:x indicatce a need for betiter spray cover-
age and o richer rate of aciive i.usredient per acre,

Some speciesol woody ve;etation trere ohserved envoute te the tar-
gets that hnd shed their leaves iv the (ry senson., The untreated vegeta-
tion in the i;:‘fr:;ets wag preen b thera was Little or no avidance o:f‘ new
growth, The vegefation ap.er{rm.’!. dormant even thoush the leaves were
sreen and Little or no natural leal shedding e observed,

Fwven thouh the vegetation vaug talle--up to 100 fect--seedlings and
young trees (1 to 3 feet) under thi upner canopy showad epinastic and ab-
normal growth respowsér-: typical of 'hi'-zose e séd »y the phenoxr herbicides,
Thig lover canony of vegetation obvioncly k- nolt received an adernuate
rate of the 2,/i=D = 2,!,5-T mixture for maximm effectiveness. In vieu
of the criticel Llimiiotions in bhe distribution ol the herbicide on the

vopetation, the cffectivencss of the traatment wos suwevrisging.

- 1tie uprind sides of targets -ere clearl: defined, but the dowmrind

sidon were hardly distinguishable due to serious drift of the herbicide,
3l

o s - g e e r——————_
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e vereiating o one taveat, was extrenely dense, In bwisht sunli bt, an |
SA lieht meter reading of L3 to 25 wae vacerded in the wireated veecta ‘
- R BEAL P 201 I Y < MAGH VTS L i
tion, 5N to 150 in treated vesotot: ony and 390 to sord dn the dgumy dhere L ‘
no \n::;:o'tz:'i'.:}_on cannpy wristed,  Vielnanmere seientisic accormaarin: the
evalnation teanr estinabd that cae acre of fhe vopelation wonld veish 300
netric tong,
In somn o the herbicide-trested arcas, natives had started fires
The fTres burned the lover canopy vegsetabicon in the treated spra- siaths,
but the Tire weat out abt the edee o " the spray cwath mnd did not M oin
the wnireated junf;lo.,
Arecllent cont v'o‘ occurrad vhere adeoate quanitities of aseul were
deposited on the plants,  Vertical visibility in sproyed areas cveraged
0,53 ile observing one area frov an aircralt, V¥ civilians were spotied
in the area prior to a séheéxﬂ.ec’». burning fest.
There hac been some resrorth of wondy plants two montha after
treatrent with Cacodylic acid., Areis had heen prematurely niad incompleto-
iy bured, Therc ims basal reprowth of core species, There amncared to
ba good dasiceation and top »il) of all foliage that rms preosent when. the
arca was treated, The apnlication aypeared to e spotty nnd there reve

sone sldpped areas and ovidenea of drift off the target, Sone of the
spacies vhich were shotring eome ror revhh vnre identilind as Lacgecstrona

hapatoria and. mdon"s*'iuu. Cassylaa f'ﬂ‘ Lormis, a dodder-lilie plant, was

also ":1’.1.'.)“rq Wy Cacodylic acid., Although Cacodylic acic produces rapid

desiceation of Ieliage, rerrouvti occurs in menyv sre:cles in aporoximetely
30 4 J0 davs after treasment, Th o is s therefore, not recormonded for wse f

vhera nermanent verebation eontrol is desired,
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Table h, Summars of Targnt Svaluctions L/

ferial Ohoervet. e 2/

. o —— o s @ B A Bt e itnt St

j‘uvrxlv:rit-inn Pvaluatic s Av, for Eock Tareat ",/ valuotion
Criteria
Criteria ; 1 2 3 L 5 &6 7 8 9 1 1 Av. 3/

1. Defolistien 6070 S 0 7D 700 96 90 90 S0 (0 20
2. Canors Wil 60 70 B G0 7O 60 90 9C 90 An 90 30
3. Versieal Vieibiliir s0 60 80 70 %¢ 60 B0 00 20 9 0 30
L. Distribntion of lerbicide 30 60 70 L0 76 w50 60 86 70‘ 60 )
?, Toral Tarpet Effeciivencss 50 70 %0 &4 Fo 50 90 81 90 n an 70

=~
ny
(W]

A

Ut
(oY
-3
O
O

)
]

41
.’

1. Defoliation | o2/ 7o 10 70 590 2/ 2 An 70

I
(8]
~

2. Canony ¥ill ‘ Lo 70 70 Rc 0 90 30 70

3. Horizontal Visibility ho 56 60 70 L 6o 60 50
k. Distribution ot Merbicide 10 0 30 B0 uo 80 60 50
5. Total Torcet Rifec ivenest 30 60 6o 80 Lo 80 70 60
HOTES ¢

_'.1_./ A rating ceale of O to 100 percent was used in evaluoting the tarpets,
0 - o effect; 10N - 10N nercent aifectiveness, Zach fipure Jor cach
target critoerion ic the mean tean rating, Sco Apnrendix A for a dotailed
deseri~tinn and ratinc of cach torget, '

g/ The targets ovbserved ifrom the air and sround im:re identical and numbered
to mer-it commarative ratings. All of ‘he eleven (11) target observotions
were rated from the air; haevor, *argcet observations 2, , 9 and 10 were
not rated on the ground, o

_3/ Hean rating values were rounded te the nearcenst vhola number,

%
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e Bvnla iy of Diprent
Lo Towdinmont emploved for G el of _‘_p_u_c_{(_‘_n__
The aorinl ddeperass] agaivient aeod L heeotmend, ol torsto in
‘ask 20 Lad heen lurricdlt broucht inte “he ares fyor othor cned oo the
vorld,  Tona of thin equirmont o spaci_f‘icaii_]_jf Aesienad Cor borticide an-
plication or o an~le Lignids ol raters hicslher thaen anerosins 1o one gallon
perr acre,
1 ' Onlv a ey of the pilohr and cronr meohors iﬁ*kolved in tlie oporation had

had previour cxperionce in o -rial anvlicstion oneretinns ol hin ume, -

vlacooent parte mre searee and versonnol amerionced in o adiustwent and

ol [
\

calibration of “he dispersal equirmmt uycre mr

*

s e

fg oo re i, litile or no modiif mation or alijustronts In Lhe equirmont

i . ras ‘el

K

ey auihov"o ned or wndrerbalion,

oA

A Ia Task 20 and A viscosity

C’J'

Most, o hic herbicide liquide dispers:
equal. to Mo, 20 lubr'lc:-.‘i;in{t- oil, Thin roducad the outout esr .l!"lll tv of the
spersal equdy ment i‘rmn chat wag vosgible iuh thinner liquids, This made

-~

i it "‘f‘e:.sar‘ to operate the cismersal equipment "fll ont! an., in some
i cases 3 mrrowv- o armth spacing bo obbaiir A anplication rate of anproxi-
masely one: callton por aevae, Ih is possihle thai there Limitations in

aquinnmont nerformanne may have rcru} ted in gomathing lecs than the inteon-

ded ‘reutment on nome tarpgote, o detailed record: of cach wi icn irore

‘o

rpt to show amplication hri- ht., sneed, otrabh vidth, or enlibration inlor-

-

: mation, Some of ithece det'u.-..,, shorefore, oo .mol available,

It is sugnoeled that a detailed rocord Le kept of all portinent data

3 e

asgociaied 'rith each flight mission, and thai -« smitable form be developed

for this purpose (see Apnendix D),

i v
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The noa~len usnd e “ho

yore

=Ly, Ol TL o I3 clomersal equvl ment rere

.rv'\"'\’.' 1 21 "‘_" e ) NP

-"-- LaATRTe Mt .““,“,:‘ ,"/j-n _‘_‘,‘.,,: "1 1“‘.}.'.'1‘!)‘. 4

ieidn an~licotion, Un-

ually 6C to 200 wicron diameter 1o plots are

L ary Sor Insechleide

. e N ~ry B 2 . e o
Looomlicesvienny Dovaver 2970 Yo RON sdevas Jimater drovlets arc vrolarred for

o pey - N~ ]t et L £ . et e T
acwind applicatlos of bosllielves,

2. Squivsaect aad anohind of ase

——rmm— . a———

- —

2 ormerinntel and onerational horbicide applicotiong 2rarine.
ad Tor thic revort mre rade by fowe Smce of aircersft ond one »Hiveco of

ground oauisyent

Todreill O=L20, Thoe Fairelild G123 airnluns ts - bwo

—

winy wononlanc noyally usad for esrgo trmaporistion.  The dispersal :

)

cquirnment ingtelled ia 1% A0 a moddliod W01, Mlour Glas=" shrayr -woparatus, ;
§

. - - . - ] . -~ . i

oriminalls degsi:mad Jor instaliation L 3=-22, 3=50 and C-119 airplane:, i

Tho equi wams e wmodilic? Tor dlnstallation in the G123 and had
boen nned dor dicpersal of incechicide sprays. Tt is cormoznd of a 1,000

galion aluminum anll, a gasol iy o

¢riven centrifumal ~wmn, and the

-necesgary nivine and conrre’ volv g, Thewe narisc are asserbled o

a2 single

cradlie et povrdin e milt o e :oeily dnstnllied or remcovod ivom the

JLIMLAAN,

A to-gection bhoonm ic locotod Melo s the -ring, Sach secction evtends

1§39
e S

from jngcw outhioard of the encine nace™ e o the oxhreme tin of the wng,

i

Miehdr=fone (31) Sorayine G ocens TLO-45 Teejob nozzles with dia-

phragn checl: valves are used, hi2 on cuzeh boom section, Ther ars directed

e to the roor and eopacad closer oo thn ouber malf of e~ch hoom section than

on the dnner half,
The C~123 e flowm &

150 f~et above the harget, Svg il
. LR J

W‘, R A SPNIPRE YT I [N, 2 Al L
- o e
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v ooutout vl Loy callens pesorenube o orecaes an anelication of one enle

Low nop aere,
Sone Larse apaos ronuieve merous e bhe ore Created fer o Ce

123 airplanes flving i fFormation, The disporsal coniprent wmas onewobed

1

mm avtpat posalHle srith the nomber snd size of {hie nozzles in-

stallod,  This mawanted be 127 sollong por wiles 4 Hhweorehicsl sonlicotdon

o e - .
of 1,00 rallons no - aere, Revected suath rans vould b rogulred to apnly

trro or wore gallons per acre,

Sugrestions for ronor nodificotion of C=123 dispercol egiviument

)

1

lo dacreane the ontt o

1

he C-123 dicperaal equiprent ho tho mai-

'

irmen without mojer wodification, i follewiag nozmzle clianges -re recortended:
1, Drill an?d =ap additional holes in *he inboard section of ench
mine boom co nozzles con he snaced pro-ressivelsr tdiiout oﬁission:.
2, Rewove the nut, orifice, uldrlplate and scresn Iron the first

35 nozzlcs on cach tting boom, comniin~ {re: 1he inboard end, an’ diroct

the outout of a-~ch grnle dotmirzrd ot oNC . .
ho ovupue 0l ¢ C nf)unl(. otmrerd ot v +n ile «':‘tlrs*.;rea'm..

3. Close off al “he other nozzle: oo nreme will be oncrating in
the vicinity o vhe rinction,
Tt s estinased Irow prolirmary tests conducted on the C-123 «ith

this nozzle modification, usine wrater, “hat che tobal maximne: outvubt wsing
Purple herbicide vAill be apnroxinatel:;- 180 ~allons per mimute, or onc :nd
one=half gallons por acre over a 40N Loot swath at 150 rmh, IL 3 zallons
per acrn vere required, this would necessitate making fo fli;hte ovar the
target,

Major modifications are outlined i1 Appendix B,
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N R R cet “ray .. . . . .
Vol ot E Y s O ealTon lan' and oanolinteniebac adoivon

helor, Hodel 2070 eantrt Payeal wamo, “he aner baom vl Dn S seetlont,
on: ander cach cclae oshondite fron fho ongeine nocelle be e ainedde,

"

Fort=four (M) Corardineg Sietens 1/7 5210 0 1drlict nosslos it dlaphrarm
checl vnlves rroro coed,  The dlopersal eouinmont vrg oneroted ot mascim

\
ontmit hich

-

wroviced acapplicaidos roue of one hald csllon per acrs,  The

md e Y e o
=7 o Dot ot o alr snead

and stret snacing of avnroxdnately

300 2o, Thle anplied asorouwinabelrr one half gallon ner acre, On tarpgsts

,

requirine ond s ohe awn i, Thy evrrlthospn {Lotm birice o anwls one pallon por
acre,

m

The ttvo section soro boon installod ~n +he C=1273 =nd C-N7 madzs no

provision Zor locatin~ nomzlos in the conter onee-th

CaoTiag oanan,
TMis, in offect, wroducer o separstc oira ermathe which imal ment somo-
vhere bhebind the alrlane Hejore the shrav sottles, There ic o ndndmun
heipht ab wwich the airnlons cnn be flomm wiih certainty thot it soparate
swathz ol snvar meet bDofore rood Sape the Sareet,

heeryations mede dro the alr chormd evidonee din sowe darget
areas ‘hat il owrsy fra each bomt soction hLad not neth,  Thio oo we !
doubiedly the r-ouly of flring teo low,

IHovin: more noszles inboazrd on the bhomi sections on the C-~123
vould dimrove this condition on 111" adrnlane and ingtalling a rdrd boom
sectio . wnder the eenter wins gection to-dd preatls Larrove tiwe C=h7 dis-

persal equirment,

Lo
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mnt Burventions Lor ineriasing oukout of’ Douglas C-47 dismersal equin-

——_

h—— i e G Ged. e iow 6w — -

dner Modiiiostion,  Po dsmrove ihe offcctivenous of e C=h7

e s e o G — - ——

3 Yy Y Nt T iy e LI D A .2 $ B - -1 '
aiepe-sal cquivaent v thont cwdor wodileation, the L/ B-10 nonzlers should

beromoved Sro e chees valve nonels bod and the nomtlo cutout directed

dovmrard,  Ac vie anzeLlon should be uend as the pomn will supnls o obtaln
rnaxinus ontout fro. v equipment,  Thodc csbimaved that aporovioacely

nosvle bodies o he weed, and fhie beotal oubmit will be about 120 sniloas
ner i,

To e adrolan: i Qerm b 150 wpl, the effectivs rmth should
be avprozina.cl; 7 foot, A $lov rets of 120 callons o mii’u ill pro-
duce an annlication ai onc pallon er acrs, A zecond or third run will be
neccrgary bo wroduce an amlicabion ol 2 or 3 gallons ver acre,

] 1y

ldor Hodiflication, A ruch lLarser pump, larger pluaias, and

graater hoom canwei’l~ Jor addivional nozsles will be required toanly tuwn
or sore ~ollon. ner acrs yithounl rencatod onraciae, A third boom section
chonld Le installed nder the eomtor scetien ol he uing to cli. inate a

lichi deposit 1 the conter ol e ovmih See oleo Aphendiz: &

Dovglar AD-6, The Douglas AD=A airoleone is a sinrle engine Fighioer of

versatile desien camnable of perforning wanr bmes of missions, The AD=G
vas eondomed with an Acro M= spror unit, which abtoched o e wnderside

of the =, The Aoro 1)=DB bolds annroximatel:r 90 mallons o spis:r Liquid,

thiier is moved Tro lhe tanlt to hoe sioacde coneeshaned stray nozslo by

preassure valved o the bon't Urorcan adr gtorarse bottle,

The D=6 o flowm acrocs o barmel ob 200 ml at an aliitude
above the veeeiatios oif aprrorinatels 75 feect - this produced an apnlica-
tion ra .o of amrovimatelr two ~allons ner acre wvithin tre swath area,

, Hl
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Hllcorular Hellie  The Sidmwsler a3 48 o leves oiwelo notor welicopter

caranle of carr ius Dowelvwe (10 s,
G ] N St N . i . . . L
T dlenovead eguitoant Lastalle oo bbhde o s b o sle DAL

(ielicopior Mgacticide Disnorsal Anparains Li ignid) develond e Lhe U, 0

/

Jawe gpecifieally Jor thidls oyoe Leliconter, I o conperand of o 200 ral-

[VRRR

lon Mihermlas, o', an cleetricully-driven fmel “ronsfer e voawmn, an

a e noetion sora boem mountod Low on b

noivtin; Ve,

P S i 1 v L e ey o sy U RN .
A4 hoton o Jj0 Swrotviag Dvetens TA000 Teejet nozzles it diaphramn

cheel: volver are ugoed,  The ””) noz;zies; on cach boort sestion arc equall
spaced alon~ the boon oveent Far about “en fect on Hhe ilinbeard end vhere
no nozzles arc laend, The nozdlon are directed dovmrrard and wrodvuce a
flat sor-r nattern ol Flae dreaplol sizo,

‘he HIDAL-cquipnod H-3 helicopter was flowm at 55 4o 60 nph and

at various heights, devending on the dosage snecified for the target, The

dispersal equirment vas oper: tod at bhoe wmasimem output it wree capabls of

with e mwber and sz of nozclos uosnd, - This s e roxina ol 29 onl-

L |
- v “

lonz par wmil..
Sug weations for minor modilicutic: of He- 2Y BIDAL dispersal cquine
ment Lo 1ncr*3 ¢ dreplet sine and reducr driit

P R P e T D

L, v vla ol Spravvine Sysiens U060 Teejet nonslecd,
2, Reviace witlc 30 ho 30 Sproyinge Sysiens DLo=h5 Teejol

nonzzles, sinilar to thuse nscd oo the C=L22, The total number of nozvles

us ¢ should b adjusted Lo the capability of Lhe puamp,  Sincec no iaforma-

tion on Lhe pamp poriormance was availeble, it is estimated to be about

30 gallona per mumtbe,
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Buffala Turbine Swrayer, The "affalo

Turhipe Swavnr g e o Sn Rl

treatment of ove of

e aress oocerve? b tha srous,

This =wehine is a trellor-rounted aisols

N
AT 2o R A
L QYT e nuy

shraving low volurw.:

o concentrnbad curny Jormilatiens, T i cormosced

of a tro~whicel trailor o ctich ic wounted 4 LYY gnilton sto ploos stedl

FEta. by

. 1 .. - -
tan and o fwabhlag e Ylover conr bl

W 2o ble ol Aelivering 1,000 ewnis foct of
oir pow owdaabe frono o cdr wonole,  She turbiae is driven b a2 35 U7, he

CYLindar alr-coolod enmine,  Tio enwcine alse drives a stainle s sieel mxloen

rollzsr e

. . .
colloms nor winnts and presoares

h 3 13 s ~ B - s, -
Jour loodlyyr tyme trrdranlic cprotr nonzles ars: nosit

S

mouth off the Jlshitall shaped air nonzl: o the enroyr is el

“hrourhou

ct
e
s
1)
e
{4
3
Q
+

Troatment. 7 anproxinalelyr oir acres ol logroody growth wen mate

with the ZBufTalo Turbine Srrorrer,  The machine -«

N - b T S - vy pd a Rl
tored vac: and forth

acrocs the arca, T adr noznle vng Mirectod Jirsih te one sic of the ma-

ciiine and *hen to fho othey co <M eheow wog ol

o

dir-cted cowmwiad,
Spacing of cach cuath 1ras controlled te acsure rood covernse -7 Jay vere-

tation,

mxtrere contion is recomended in the wse of airblast cprazmrs for

herbiclide apnlicntlon bHoorire ¢ff the adr tarbileaze and uncontrolled drift

that may rcsult,

3. Uso of HC=L Asserbly for cround srrayer

The MC-1 spray tan!: and pump ascenoly couls” e us~d for hve
draulic svrorine of small plots or roadeide arens vhere it miski not be

safec to use the Buffalo Turbine Srrayer,
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D 1= unit could be waunted on an appronriate movor vehicle

b .
Ane eqruimmad it g oo ) R ; R . ; i
AL equiped it endlahle Tovy vl of oo e oo ur b e oL DY

funsg an iney, several hoson and o

[
—

war s coudd Taoooersbed fro o this

il oan o bine,
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The Tclicwing information ar o the stock of herbicides on hand

in Jouth Viomeaw vas Mmishad to the Tvaluation Tesm on 16 April 1962

Supplv of Herbicides Aveilale 16 April 1962

. . : . } Galloax
iilitory Code or Trademark Drums {50-55 gal, each) (anprox)
‘*—_“

. Purple 1935 106,125
. Pink-Cremm MHixture 1886 T153,730

.  Pink , fione Hone
firzen done ifone

« Dincrol Snail Quantity Inlmetm

. Trino:-ol fri2ll). Cuantity Unlmorm

-3 O\ o !
L]

Dlue 132 (1™ 1h, cartons) . 2,201 1b,

B. Storage Condition of Herbicides

he Bvaluation Tean insncctnd the herbicide storoge depot 16 Aoril
1962, and t"xe conditirn ol the Jrums and method of ctorage wers ronerally
satisfoclory, Iicent for the "Blue" herbicide, All drums were stored in
the open unsheltered onclosurs of the denot. The ‘drums were sitored for
efficirmt identification, leadiny and ctorage, Scveral drum: had dnvaloped
minor lealss due vo demape in transit. The vegetation insids the denol was
already dead or dying and bthe vepretation immediavely adjacent to the ‘apot
was chewing severs injury. Thic injuryr wos due to volatization during

mzing oparaticns in the depot and Lo leakage fronm iic drums,

C. Herbicide identification and coimmliance wvith comnosition specifi-
cations

KA

The drums were identificd by a four~inch-wide band ol purple, pink,

groron, or blue naint, depending on tho horbieide present, around the conter

S
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Lo

of cach dru,  Mdsr conditions of orioide ntepas. TSl 14 aan
“lew, thavs eoler hands have faced and are bhocomine diffienlt to distine
qeioh. Bottor oethods of idoatiifvine fuiwrs stoeks are neadaod,

The ™Mieple horbicide froos a oinglo C=123 aircraft tanl load(1000
gallons) vt axamined, The herbicide nossesced a darl browm color 'Hdth a
viscosity onvlaa od to be sinilar to that of SAE20 nmotor oil, OGCnly the
Mirple and Blue horbicides have been uscd on an onerational basis in South
Vietnam., Persomnel roasponsible for the enplicotion of herbicidrs in the
operational wropramn indicated “thot no fifficuluies hed been encountered in
the phyaice). propzrtic: of the FParple herbicide, The had not cicouniared
are golidilication oy nrecipitation iith Purple, Zarlicr in the pro- ram,
the Green had solidified, but this difficultiy vas corrected v tiuzings it

with Pints and noe fMrther selidificatinn or othar difficuliies occurred,

The Purple herbicicde contained

20 percent technical grade (T.e.)
sobutl aster of #, ,5~T to nrevent solidiflication of the n-butvl ester
of 2,)1,5~T at terperatures belor 77°F, Information available to procure-

s

ment personncl froa tho mamufachure:r indientor that the isobutyl estor of
2,135=T is equelly as phytotoxic as the n-butyl aster of 2,l,5-T. The ac-
caracy of this information has not beem quertioned or confirmecd b the wro-
curing ageney,

The bean requested data frore anelytics1 tests bo dotoivdne ~hether
the herbicide: delivered by thw nanufacturcrs corpliod with the spocifica—
tiong of lhe wrocuring ajgency., llo analytical tests hod been conducted to "
echeck complianca "with H.o speciiications and mich information was nol avail-
able, Statisticnl sampling and analvytical tests shonld be conduched on
precent, and future stocks to assvre compliance with nrocurement specifica-

tirms,

——



PART THREE:

CONCLUSIONS AlID RECOMMEMDATIONS

I. Conclusions

The results of the team's evaluation of the effectiveness of herbi-
cides in controlling vegetation in South Vietnam strongly support the
following conclusions:

1, Evidence examined and evaluated shows conclusively that if
properly applied at suitable rates with proper equipment, herbicides
unquestionably can be used to control vegetation. The operational pro-
gram of vegetation control should be continued, provided the modifications
in tecﬁﬁiques and equipment recommended by the technical evaluation team
are made,

2. A thorough and intensive évaluation of twenty-one targgt: in
eleven observational areas showed that when evaluated from the air, the
herbicides were approximately seventy per cent effective in accomplishing
the objectives that had been established; and when evaluated on the
ground they were sixty per cent effective, Based on research results
and use in the United States, and limited employment in South Vietnam,
when properly used these herbicides can produce very significant results
in twenty to sixty days, depending on the kind of vegetation.

3. One of the most important limiting factors in reducing effective-
ness in achieving the full objectives of the research and operational

programs‘was the dispersal equipment, This equipment was designed to

Yl
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deliver approximately one gallon per uere of liquids with viscosity
sindilar to fuel oil, in fine droplets, This volume of one gallon per
acre, in fine droplets, did not result in an adequate deposit of herbi-
cide of the viscosity used, for optimum control of all types of mixed
tropical vegetution in South Vietnam. Therefore modification of the
equipnint will be required,  All aircraft used are suitable for herbi-
cide application if equipped with adequate dispersal equipment. Fine
spray droplets and poor nozzle aryangement on the aircraft resulted in
excessive loss of the herbicides by drift,

Jh. Another very important limiting factor in controlling the vege-
tation was that in some cases the herbicides were applied during the
period when the plants were dormant,

5. Plants differ in their tolerange to herbicides and these differ-
ences must be taken into account in planning vegetation control and
evaluating effects of herbicides, 3Since systemic herbicides, such as
Purple, continue to exert their effocts over a long period of time,

evaluation cannot be made within a short time after application,
Initial evaluation should not be made in less than thirty days and final
evaluation in less thun one year after treatment.

6. The amount of Purple used per acre gave excellent control of
mangrove, but the active ingredients and volume applied per acre Were
not adcquate to give maximum effectiveness in killing cvergreen forest
and tropical scrub when dormant, When properly employed, herbicides

are capable of killing most plant species encountercd in the forests of

' u7




Victnam, but tha dead trunks and other vcnotaﬁion stlll reomain and im-
pair» vicibility, TH mav o eacible to develop effective techniques for
inproving the fucl structure so the woody material can be disposed of by
burning or other means,

7. Additional basic informaticn ir nended on herbicidesy - eduipmént,
and veretat.on to ivprove the effeciivenens of vegetatiom control and
uavelon an operational apability in tropical regions. ilie conditions
prevailing in South Vietnam preclude the conduct of an effective research
pro-ram which is critically necded, Results achieved in veogetation con-
trol and problems encountered in South Vietnam demonstrate conclusively
that an intensive programn of research must be initiated without delay in
localities vhere there is ready access to the experimental areas.

A, The Evaluation Team did not see or examne any areas where food
plants had becn treated irith herbicides. Dased on extensive research
conducted in the United States and in many tropical and non-tropical
countries, the technical feasibility of killing all crops in South Viet-
nan '7ith herbicides at any time durin their 1life cycle prior to the
production .. ecdible portionc is wcll established, The herbicides
necessary are nov in military stocks, Hoﬁcvor, other herbicides are
availablne commercially with which crops in selected arcas can be killed

without, damage to erons of the same kind in nearby areas,

I1. Recommendations

The Evaluation Team makes the following recommendzations uith respect

to:
A, An operational program of veretation control ~-

48
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Lo T e afrongl recomeencnd that, the operatiosal phase of Lhe
vesttation eonteel program Py Souih Vieknan be rosumed immedintely, pro-
videa:

a., Thed miner nodif'ications on the MC-1 dispersal equipment
e the (=123 alircralt and ihe dispersal. cquinment of all other operational
areraft be changed irmedintoly to deliver a volume of approximately one
and one hali' (1 1/2) eallons ner acre of Purple, in accordance with sur- -
ncsped modifications in this revort,

b. That the aircroft vhich is delivering 1 1/2 gallons per
acre make two passes on each target by applying one-half the load and im-
mediately respraying the came swath with the second half of the load, in
order to cdeliver a total volume of 3 gollons per acre on the vegetation,

¢. That the dispersal cquipment nozzles be modified to de-
liver droplets of approximatély 300 wicron size,

2. That as soon as poscible a team of three specialists be ob-

tained from the United States to provide technical assistance to the

operational prosram:

a. Chemical weed and vepetation control specialist

b. Apricultural aircrift spray equipment specialist
c., Tronical vegetation speciglist .
3. That a complete "target analysis" of cnch'area tobe treated
be made dith Lne asgistance oi’ Lhe qualii’i~d specialists to determine:
a. Stage of growth and kind of vegetation,

b. Selecction of herbicide,

¢. Rate of herbicide active ingredients and total volume

of spray per acre,
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de  The suscentibiliisr of and hazard to adjacent crops and
desirable veretatiou,

@, Selection of apnropriate dispersal equipment,

t. leteorological concitions, including atmospheric stability.

h. Tt is stronslv rccomnded that vepctation be treated with
herbicides during its period of achive prowth.

2. Bvergreen Torest and tropical scerub should be treated
then thcy are actively growuing. _The period of active growth renerally
coincides with the rainy season, It is pointed out that the rainy sea-
son occurs at different tirer of the vear in different wartc ol South
Vietnan,

b. However, available information indicates thot mangrove
forest may be treated with herbicides at anv ﬁime repardless of growing
season,

5. Small. plots, roadside areas, rirhts-of-way, and sirilar

areas should be treated with ground.type equipment utilizing the inform-
ation piven in this report,

6. That, to afford adesuate opnortunity for the systemic herbi-
cides employed to oxert their full effect, no cutting or burning of
treated verctation be permitted for at lenst Sixty (60) days, and prefer-
ably for 235 lonr ac six months,

T. kThat, vhere it is necessary to maintain arcas frec of vcge;
tgﬁion on a permanent basis, a maintenance prorram be carried out, The

need for repeat treatments can be detcrmined only by inspection and know-

lodge of local requirements,




s Tt e prebable that, f Purple oo wsed, retreatment rill
Heorequired on aporoximat oy o oarual basio,
b, T& 1 probable that “hoe amount oi herbiclide required for

ropeat restrenta rill ha Lecs than requirsd in the erigiaal,

Ty That stocks of Purnle mid mixed Pink and Greean herbicides on
hand be sampled according to statistically sound methods, and the sarples
sent to the lnited States for analysis to determine the identity oli the
oecters, the amcuntbcf cacli, and Lhe total acid equivalent of 2,l-D and
1y>=T nresent per gallou.

9. That it irc technically fergible to kill all of the various
ldnds oi crops in South Vietnam with herbicides now in militery stocks
(Appenciz C), However, other herdicides are availoble commercially with
*hich erons in sclected areas can be lilled in Souwih Vietnam without dam-

aze to crons of the same kind in nearby arcas,

B, A prorranm of Research =md Dovelonment in verctation control
1. That an acccleratad ReéoarCh md Development Program in veg-
ctatien control be initiated in the United States and Thailand to inves-
tigaté the followring:
| a. “Sffectivencse of sclected herbicldes,
b, Tffects of surfactants (surface active apents) such as
,means, thrprabs, ewloilicor:s, stickers and wetting: aponts,
c. Development of improved dispersal equipment for aerial
and ground oporations,
d. Dotnrmin;tiun of optirmm rates of active inpredicents,
volume, anc droplet sizne for maximum deposit and effectiveness of herbi-

cides and nixtures on tropienl vesctation,
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O Anﬂxﬂl cvele of rmrewth and other ccoloricrl charactor-
Tates of treplend vogelnd on, oupueclally btroplcul forestc,

1, Teagcibillii, of developin: effective methods of using
firﬂ ma athan meona ho dimmone of woody material killed by vepetation
control oncrabion,

me Dovelop on aireraflt dispersal systemcapable of deliver-
iag 3 gadlons of spray volume per acre as soon as possible,

2. The rescarch progran recommended involves many aspects of
the agriecnltural and biologicul éciencea. Therefore, it should be planned
anA carriéd out Ith consultation and cooperation of governmenlal agencies,
cducational institutions, and others qualified in the agricultural and
biolorical seicness to utilize the research information and arperience
of such agencies to nrovide mutual benefits,

3, T'at, prior tn operational use, the final field testing of
equipment, herbicides, and techniques developed in the United States and
Thailané Researcl. oand Development Programs be accorplished in South
Vietnan, |

. That investipations be conducted on dispersing systems for

herbicides in solid, liquid, or vapor forn for use in attacking small

plantings of food crops.




S Appendix A: Target Draluation Data

To Report | : '

REVIES AID IVALUATION of ARPA/OSD "IMFOLIATTON® FROMRA
- " in SOUTY VTETNAN

lesearch Phase: 15 Jule 196) we 12 Jmuar- 1962

Oporational Mhase: 13 J;ﬁuary 1902 <= Mareh 1962




T
TARGET WVALITATION

TARGET DESCRITTTON :

1. Oboorvation ile, 1

XT 770580 - XT 790550

2. Target Tocotica:  Chon=Thanh Shect #211-W (Hon-Quar)
Rowke or Villara Man Coordinates
3¢ Tvre off verstabion and condition of erowth:

Tverereen Torest; dovmanty a fer specier are deciduovs in the
Ay coamon,

il Hervicice and rate ol itrestment ney acre:
Tutovyethanol esters of 2,'=D 2nd 2,),5-T (Dinoel !y 1b.
aifenl)s 1 gallon of formulation mer acre.

5., Date and time of treatment: -
2l August 1961; 1900 hours,

6, ‘leather conditions at timc of treatment: Unlmowm,

7. Eguipment used in making treatment: C-h7 aircraft.

TARGET DVALUATION:

Ovaluation Average

Tvaluation Criteria Acrial Rating CGround Rating
10 DefO]-j-ation -l.untucc'oo--oono'aoo 60 )‘-O
2. Ca‘rlop'_‘f’ Fill seeocecoracscecescore 60 ,;O

3. Viribility:

Horiznontal seseesesssesocenes o)
VOTEICAL wovesosencosssconanse 60
b, Distrititien of herbicloe ,eeeeve 30 10
5. Total Tarput "flectivenntss cecees 50 30




-
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B,

'al

TARGLET - BVALUATIOH

WOT SSCRTPIION

TARGEY EVALUATION:

-

OQhaorvation Mo o

YT OROT57 - YT 160835
Taraet Location: Hichiay Lo, Hono=Yood, Sheet, ell=R (Hon=-Quan)

Route or Vi'l': o Map Coordinates

Type of vegetation and condition of' rovths
liverpreen TForest; dormant; a few species are dezciduous in the
diry season, .

Haerbielde wd rate of wreatucat per acros
Undilutad hutyl esters of 2,h=D and 2,)1,5-T (Purple)
1 pallon per acra,

Date and time of hreatment:
February 1962; 0600-0700 hours.

Weather conditions at time ol treatment: Unlmown,

Oquipment nged in maiting treatment: C-123 aireraft,

Svaluation Average

Evaluatiocn Criteria Acrial Rating
l. Dcfo-!-iation .‘.lo.lo'..oo..c..l‘ooucol 70

3.

5.

Canom' Kill G080s00000000svs0bes st e 70
Visibility:

Horizontal .oo-caooo-.-ooo;ocotoo

Vert‘j,cal 0000000000 ss000sROIGISOLS 60
Dirtritntion of herbicide ,ee00e00000 . 60
Total Targét UL ectiveness ecesesavese 70
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TARGE WVATUATTON

. S S B Sl e @

Ao AT O TN
1. Ohaorvaidon Mo, 3
YT 615029 - ¥S T76R9845
2. tarret Tocation: Route 1, Chun Chan Sheot 222« (Gla=Nayv)
Route or Vitlape Map Coordinatecs
3. ‘Type of vegetation and condition of growth:
Jvergracen Forest; dormant,
h. lierbicide and rate of treatment mer acre:
Mrple - 1 gallon per ocre,
5. Date and tine of treatment:
Febracry 1.9262; 0600-0800 hours.,
6. YWeather conditions at time of treatment: Unknown.
7. ‘Bquipment used in making treatment: C-123 aircrafi,
B, TARGET CVALJATION:
Evaluation Average
Bvaluation Criteria Aerial Rating Ground Rating
1. Defoliation e00c0sc00000csns00ee 80 70
2. Carlop:‘,r }(ill ...0.’..'.'.0.....!. 80 70

Visibility:

Horizontal .eevececssccccnce 50
Vertical .eececesocscscscess 80
Distributicon of herbicide cesres 70 60
Total Tafget HTTecliveness seeve 80 60




1
PARCGRT TWALUATION
CRITC T30 T PETON »

R A AL e em e 4 a e mcams

-

e MmOl bl Mo, e );
‘ 1 9951kE
2o feamed Tecatioo:s Diec-lon (Poa-Tion) Shact #2001 (Buison)
Rouv™e oy Vi lime Han Coordinates

30 Tro af veretotlon el condiiion al rorrths
Seruhy dormant,

ho ZHerbicice and rate of treatment per acre:
Jubmgyethanol ester oi 2,h,5-T (Triccel iy ib/al/iui)
1 gallon nor acre, Recproved widl Purnle,

v

« ‘Date and tine of trestments
Hetover 1961, Tespraved lbreh 1902,

6, ‘feather conditions at “ine of freatment: Unknowm.
7. TFaouirment used in making treatment: C-h7 airerait

Ii-3L helicooter

TARGST SVALUAITCH .

valuation Average
Dvaluation Criteria A:riol Reting Ground Rating

L., Defoliation

teseececsesasssanesas 70 - 70
2, Canonv ¥ill .eeevecsccsescvccosas 60 70 |
3. Viribilitr: 1
TOrinoutitl cseevsessscccvvans 60 .
Vertical sesesessesccsscsesen 70

li. Distribution of herhicide ..eeeee Lo 30

5. Total Tarrot fTactivencss seeere 60 ' 60

———
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TARG L ATITANT O

e B avera e Gemcemnt o e

N
Sl
N . mamE e wew

oo tlom o, s i

XT 97807
Tare sl Loeation: Ricn-lHon Sheet #221-7 (3aipon)
qovhey or ViILaro “Iop Coordinaten

.

Do ol vy etkior oy eortiion of srovthe
s '3,‘:; cormant,

orbiohds mad ratoe of trestiwent oy nere:
N gmethelaped yia woid (Cnaoddie acicd) 2 Ih/aern

Dot aad Shre of trostuomhe
Tebhennre 19603 LOGO hours,

Vanthar conditiors ot tive ol frentienie Unlmowm,

Badpment used in making trestment:s 3uflfale Turbine airblast
Fround spraver

3. TARGTT TVATUATION:

Zvaluation Averapge

nvaluati~ Criteria Acrial Rating Ground Rating

— ———— . ot S A — fo—t

o m e mee A — e ————— st S8 S

T)I?I.Olj.atif)l‘ 0000 000000 0000 n" oo 70 ) 70

Ma, ~r S
uanC\D'f l'xl]l GO 50000020t 0o 000 oo

.'

-
—
-

30
Visitaldvre

HOPLZ0MEAL seesvssesesssncnse

Vorbio ol eeeevesesensssncncs 30 70

Dichrisvsion of herbicide

LR B N N r{o 80

Toted Tarech Sffeclivoness ceeees 70 80
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CADETT TV e T e

e . S — & B e s miw

. , ]
Le Ohearvation Vo, . n-/

o

2o Torret Tocation:  Rovbe 1'}‘1"/
Louwhe oy VILLoreo ITap Coordinates L/

3. e of veratotion and condition ol roth:
Tvoererecs Yoy Lby e,

WO

Le Herbicide wol mbe of brecbhinad oov seres )
Parrle, 1 sullon ver acre.

o Date ane tioa ol tresiments
Jomars 1962 0700 hours,

0. Veathor coaditions at hioo of brasothnent: Un'momvmn,

7. Vguirment used dn oumalfng trestueni s C=Lle3 aircraft,

VARG SVATITATY O 8

T Tt B“valuation Average
Bvaluation Criteria Aerial TRating fasound Hating

—
.

1. DO,f'O]‘i.a",iO’l S0evoss0s ot cs s s e s 70 L’O
2. Ca]’lﬁ‘h‘," I 680000t 00rrrs 00 60 )lO

3. Visibilibs

Yorizontal s00s0svecsesecense )-10
V(:I‘tif:'ll Gsev evsetestsesens e ()O
he Distribution of Lerbiclde seesees Lo L0
' - 1 o H - !
5. Total Tarel TELeehivencslt sevees 00 ho

How e _J/ Ihowt, 15 individusl barrets alows Toube 15 identisied ' the

£olloring man coordivibeos

5/1 YT 072063 5/1 75 213913 5/3.3 ¥S 306558 '

u/e Li Oh200A 5/ s 20770 5:/1)3 ¥ zn',»'(lo

5/3 YT 10002} /./ Yo 255710 5/15 Y5 305835 1
5720

g/l =7 103010 Yo 275650 Sheet /42"1-11 (Sadson) “
o7 s 11099 5/ VS 380805 Sheet J230-L (Cholon) ‘
o/Yn 2R 510 vn 37800 ) .

6
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PARGIVL CVATLIATIOR
A i SN
ce CAGEO DIGRORTITLON

B B W ——— 4} e -~

Te Movorvition He,s 7 5/12 ¥5 378565
, Sheot #201.-% (Sairon) =
2. Taveot, Location: Ronte 15 Sheet #230-E (Crokon)

Rowte or Villoee iarn Coordinaies

3. vme o voootabion and condithion of crovth:
Thansrova,

Jie Hexhied e oand rate o hrenstient per acro:

sitphee, Lopelion per acyc,

. Daic a i of bLreatments:
Jawnar - 19023 0700 hours,

. endlor conditions at hire of trestwent: Unjmom,

7. Oqoipnent used in maldng treatnent:  C-123 aireralt,

e CATGUD SVASUATICOT.

Evaluation Average
Tvalvation Criteria Aerial Rating Ground Rating

1. U’!,'['O-.‘.f.l.-'l'hfi.on 806 6000000800 00 l..‘.c. 90 90

2. Canf)p;',’ LaRNA esecosrssesnsneensnten 90 90
.'flf)r'j.'«’.on‘hfll Gesvroesstrveecace e 60

Vortiet] sevcesesccvcsescsacne 80

b, Tistrianion of herbiclde seseess 80 R0

,t;a Trta’ Payeend, B SR aloh o Ridals Lo lats BN an 80

e et A B A

i W on © —
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TAVG Y VATTATION

i . Wt B o e o o

YUy

N

Obrerv-tion No,: & W/15 Y3 360535
T Shent #201-E (Saipon) -
Targenl Loeobion: 2ounte 15 Sheet, #230-T (Clolon)
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_Appendix Bs The Ccntml of Varetation Around

Mlitary Installations in Vietnan
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! T3 CONTROL O VIGLTATION AROULT 4 ALTTART TUSTALLATIONS JN VISTHAM

| - , T’ follmrdsy promrar is recommendeds

1. An the bepimning of the =aime Leason afvor new syroithn i- appsrent,

apnly “hree (3) vallens of Parpic per =e1o av a {nliagd sor umins aerial
_eguionent,

2, Tn the Lirst z!l:—-f £easen aTher urnle has heen awlied, when the
Prallage 1o 20 ond the fiter and pgmgchen are drv, the tme ' wakadtae
should ba crushed %o eamwc% tho fuel ahd drpreve {ts styugtupe © TReNMming,
Cm.,oinp may e dona- Ly any one of ¢ givar al ?'\ﬁt}iér,- 1 : :

BTN doz ﬁr L;-&NQ .

Drive tho traet p baew - Ll bu.lz‘azf r .,1. de \:,ﬁ afi .
g =2

.amrorifmal" one font abave the *‘*m

ouLd be sfﬁu??d an ﬁl’\" TR T Y
s%hould *wt % f:p"( zo lewe that tho plade wi
matarial 1711 “ball® op poll in front of 't

Tha 'mfpcsf' ii S
“uel tato a \',."i?cm 1&?@1* e\mn*““ i i:l‘*uu. a;:’ mfr'r the oy

‘-"su%. ii}.
he sioody

_ B, Al ‘v" chatﬂ - #3ess an zmc!\nr' (‘"ﬁiv - FHEv he ““’i?*w“ ewr e
o ‘%}w area, yeine twe tractar‘* (; ig, 2) ‘E‘ 1 ir mapaly m o s@’i"if*‘ ‘af parg.
L vr-ap, a,r& g\hg, o do the eraching at L '*m? rate,
' “The Ghaln shenle volg ¢ i SRES I PR ﬁa.mr’ '_‘.i@i‘-}@@ti :?‘
8 ““la ehain in vob hawws sppu ey ’w ot dhintii should Do used, .
. _ CRwmat f Fio A3 lﬁﬁ 1msﬁ Vare regquirad,. Af the elialw w1l
: r'@ll b #8¢; n swivel shes , %h@ wlddle, s e ab eaoh ond te
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- shoudd be sl "itv Suby 40 2a e -:*wti m ur *3@ b»ﬁh@wé afiurte, 5
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Additionzl firine in the 1nto“~or may e done, *u Jmu. Je done

as the gides are ffred, aud the persohs workine nesarest the “center must
Teep an-ad of those te the sides; otherwise, perscnnel will be fropped in
the {lames, ' ‘

A back~firing borch, or drim torch, such as that used hy the J.8,
Jorent Servize and ViI‘lOU.G state foract fire protection agencien, is a

ot piece of eguinmont for dgniting material of the kind to be burned
The YWestern Iire Equipment Companv, San Francisco, GCalifornia, is
¢ of supply,) . : '

one sourc

Caution: .
ALY interior firdne mast bn, done irbo the wind., If firing is done
4-1‘?,: wne wind behind persomel doing the firing, the flames can travel

aster thar a man can "al‘:, and versoniel are 11:’61"" to bhe trapned and
bumed. .

ot

Burning by this method shewld remove 80 to 90 percent of tho

voody material; without preparatlon, clearing more than )0 nercent of it
would e fortwate, ' '

(3) Just prior to the bcgm'\lng ol the following ralny 3en-
son and al“ep hurmn{r, apply & 50 percent granular forulat.oon of monuron
- (Rarne:: D‘J“. at the rate of 40 pounds per acre uzing a 20 foot Ganay
Spreacer pul’Lm ‘c;r a jeep or othsr sultahle equipment. ‘

RS At the beginning of each uubsoqwn’r rainy o muon, “apnly
20 pounds of & 50 percent granular formulation of monuron (Kames D) per -
acre, \

(5) For the control of wspot infestations of vepetation
- around obgtructions thab vere not controlled by aerial or ground equipment

application, apply a broadeast trestmmt of ranular nonuron by hand or
~ hand opemtcc applicotor.

# Sources By T, du Pont de Yomours and Company, ¥Wilmington o8,
Delawarc, U.3.A4 -
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Appendix C: Destruction of Viet Cong Crops ith Chemicals

To Report

REVIEY AND EVALUATION- of ARPA/OSD “DEFOLIATION" PRO‘RAM

. in SOUTH VIDIMAL

Regearch Fhase: 15 July 1961 - 12 Jammary 1962

Operational Phage: 13 Jamuary 1962 -- tarch 1962
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DESTRUCTION OF VIET COLG CROBS 4 ITH CHELICALS

I, Objective
To recommend agents, disscminating equipment, mcthods of cmployment .

Crops.

- II. ZTersget Orops

The principal [ood crops on which the Viet Cong subsist and which the
team has been asked to consider as target crows are rice, manioc, sweeb
potatocs, and corn, Two of these crops, sweut povato and manioc, are
broadleafed and produce edible roots, Both are very susceptible to the
Qb= = 2,4,5=1 type herbicides, The other two, corn and rice, are
narrow leal plants which are also suscepbible to the samc type of horbi-
cides bt roquire heavier doses, In addition riecc is very susceptible
to relatively low rates of cacodylic acid,

III, Herbicides
The ngents currently on hand in Victnan namely a mixture of thu
butyl and isobutyl osters of 2,4-D and 2,4,5-T (Purple), the mixtur:
of normal butyl and isobutyl csters of 2,4,5-T (Greon and Pink) and
cacodylic acid (Blhc.) are admu‘ably suited for destroying the target
CTOpS : : S

_ If all four barget crop arc growlng in the same or adjscent fields
and are to by sprayed sinultansously by an aireraft spray mission, Purple
should be used and the dosage should be adjusted to that roqulx‘c;d i‘or

the uost resistant crop,

In spraying small arcas with hand spraycrs similar to the 3 gallen
garden typs knapsack sprayer, the dosage should conform to the. requirements
of the specific crop bolng spraywed wven t.how;a soveral diffoerent. crops
are wosent in the sam fiuld. ' i T

The dosage requix'a,d depunds e the atd of the plant and its stage
vof growth, -Plants in genoral are most sugcentibla during perdeds.of
rapld growth such as during the young soodlinb dL&gb and in 30mo spacics
.during thu uu'ly ruproductiv\, sta.gus.

and other pertinent information relating to the destruction of Viet Cong.(V.C.
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Low dosages of Purple’ will kill young sweet potaio plants (3 wecks
old) but dosages equivalent Lo zbout 1 gallon of Purple should be used
to kill nlarts regardless of age to obviate mistakes in estimating
plant age «nd to provide an adequate salcty factor. The gallon of
Purple should be dissolved in 2 gallons of fuel oil to yield 3 gallons
of spray solition,

Rice and corn can be killed by approximatcly % gallon per acre of
Purple when young but 10 lvs, or 1,0 gallon may be requircd for older
plants, Howsver if rice and coin are sprayed during the warly reproduc—
tive stage thoy can be rendersd unproductive with 0.1 gallon of Purple
per sere, Since 1Y is imposuible to deturmine thr cxact atoco of
development accurately as a nlant approaches maturity withow dotailed
obscrvation of the crop on the ground, it is recommended that no attempt

be made to confine the attack to low doses during the carly reproductiw
stages,

Where the target crop is rice and no other crops are involved,
cacodylic acid (Eluc) could be uscd, This herbicide is effective in
killing rice or rendering it unproductivc at application ratee of approxi-
mately one pound per acre during approximatbely 90 days of ivs growth

- eycle, fHowcver to insure more positive risults 7 pounds por acre of

'Blue should be cmployed operationally. “his should be contained in 3
gallons of spray solution (2.3 1bs. blue/gallon of water).

Cacodylic is corrosive to aluminum and brass and caution must there-
fore¢ be exercisud in scleeting the proper spray equipment,

When stocks of Purple, Green, and Pink become axhausted consideration
should vc given to the procurcmont of low=volatile esters of 2,4~D and
2sby5-T for uce on broadleal crom, The uso of low-volabtile wsters will
minimize lossus duv to volatility {rom snall tirgets and possible damage
to noarby crops not intended {or destruction, .

v, Disseminatiﬁg Bquipment

A nwiber of disseminating systoms that havo bueen used in Vietnam
could bw modificd for use in attacking crops, Those are:

He3h with - HIDAL

C-123 - with - M=l : '
G470 with. Insceticide spray equipment

AD6 - with " Aero LB '

:An gdditional item i iho 3 ‘gallen knapsack'spr&yur.

‘The spray volume requir.d for crop sprays is 3 gallons por acro and

" ‘the droplet sizo should be at loast 300 microns, ALl of the above items

_of equipment require modificatian to pcvmit Lho duairud ilow ratos and
-\_droplot 8140.
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The h-34 with HIDAL appecrs to bc suitable for attacking target areas
of 1 to 100 acres in size, However, if the area is not secured by ground
troops or by fighter air cover & scrious hazard from encny ground fire
could exist,

The C-1R3 vith MC-1 spray system is unsuitable for crop sprays cxcemm
for very large targets, It is doubtful that crop targets of sufficient
size exist to warrant use of such a large spray system,

The AD6 with two wing mounted Acre 14E's apnears to be the most suite
able system for spraying swall targets in cnemy controlled territory,
Its relatively high speed would permit it to get in and out of target
areas rapidly and its two 14D spray devices ecach capeble of carrying
90 gallons would permdit coverage of 90 acres per sortic.

The C-47 with insceticide sprgy system that was employed near the
Bien Hoa airstrip and Chon Tharnh could also be used for crop sprays and
its suitavilivy would ve intermediat. between that of the =34 and the
AD6, It has a capacity of approximately 675 gallons but spraying speed
of only about 150 mph,

The 5 gallon garden sprayer would be usceful for attacking small
garden plots discovered by foot patrols, They could be used only in
zoeas controlled by fricndly forees, Herc the 1 gallon of Purplc herbi-
cide could be uscd without added oil to reduce handling of inert carrier.

The fuasibility of developing air droppable munitions capable of
dispersing herbicides cffuetiwly in granular, liquid or vapor form should
be cxplored, Such itcms should be aimable and could be dropped from
altitudes abovu thu range of yround [ire,

Ve - factors Influcneins Time for Crop Attoack

One of tho most important facbors affucting the timc sclocted for
erop attacks is the planting date, Sinee planting datus vary considerably
from onc part of Vietnam to anothur and [rom one orop to ancther careful
planning must be earried out to achlove maxinum offectiveness from the

minimun quantity of ugont -and numbey of sortivs,

" Use ahould be made of the publlcaticn, "Agrioultural Calendar of
Vietnam - 1361%, issued by Ninistry of Agriculture = Vietnam in coopera~
tion with Diviaion ol Agriculuvurc USCM/Victnam, In addition, a crop
specialist (agronomist) {rom Ministry of Agriculture = Victnam should be

_involvod in target suluotion ard timing ol attaocks,

Timlnb of' attacks should also take into qccaunt the stage of erop
development, - Since young plants are more readily killed than oldur enes,

'..the attack could bu launciied Jhoptly after tho orop umorgus lrom the soil,

-
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While the V,C, might replant if the first crop wore destroyed, the second
crop could also b destroyed by sw-lenb after it has emerged, Morecover,
the sccond crop might not wmerge i¥ 1 gallon pur acre of Purple had been
uscd on the previcus crop because of the residual voxie effeet of Purple

on gerrinating sceds, Cacodylic acid (Bluw) has no or little residual
toxic effect,

Sweet potatocs and manioc shoul” he sprayed prior to root formation
since killing the acrial portion of the plants will not immediately
affect edibility of sweet potato or manioc roots il thesu are permitted
to develop before spray applications,

VI. Hazards to Crops of Friendly Natdves

The hurbiecidos rccommendod for deostroying Viet Cong crope arc Just
18 dapaging to crops of fricndly natives if applicd or allowed te drift
to the latter. Precautions should be btaken to confine the spray depesit
to the target areas. Tho following factors should be considered: 1
us¢ large size drons (300 microns), 2) spray from low altitudes; 3) avoid

spraying during high winds; 4) avoid spraying under neutral or lapse
conditvions,

In addition to the Vict Cong target crops thusa agents, perticularly
Purple, will also kill or render unproductive evory othur crop nlant
cultivatud or non-cultivatod with which they come in contaot. Damnge
will be proportional to the dosagu,

Vil, icihx f Herb;cidcs_ o ken and Animnls
The 2,4=D type hurbieides have boen widily used in the United Statces

- for morc than 15 yonrs in food crops and on rangu land and are camsiderad

non-toxic to man and aninals, The acute oral 1Dsq for this typ: of com-
pound rangcs Lrom 375 to 1200 mg/kg.

Cacodylic ncid has an acute oral LDy for albino rate of 1350 ng/ke,
Beth maberials should b Bandled with cnie, should not be ingestud
and, if spilled on thu skin,- dhould be removed with ﬁoap and wator at
the varlicst opportunity.
VIlI. le) ; bturi]ization

In thu cvent that chcmicnl soil storilization is dusired to duny the

- Vict Cong the usu of garden plote for crop nroduction for suveral montho,

granuler monuron could be applied at the rate of 40 lbs, pur acrc, A

'vreoomm»ndud dovice for applying granular material is the dwathmaster

pr&dUP manuraabur d by Trunsland Company, rorrancu, caliiornia. This .
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could be installed in L-19 or 1-20 aircraft with some aircrait modifica-
tion, Othur hoppers or granule dispersing devices could be custom built
to £it any sireralt sclected for the mission,

I¥, Rapidity of aAction

Rapidity of action of herbicidal chemicals on odible crop varics
with the crop, its stege of development at time of spray application,
the herbicide employcd and the dose, Sweet potato and manioc plants
about onc month old cen be killed in a week by the active ingrediunt
in 0.1 gallon per 2cre of Purplcy Plants two months old would dic morc
slowly and, in the cnsc of sweot. potatoss, sume small roots would be
present and odivle at tie of deabti of the plant, If nob Larvested ab
this time, the roots would decay in the ground,

If the attack on swest potatous and manice should be delayed until
Just prior to harvest, sxbrumcly heavy doscs would be required to affect
thu ¢dible roots, Howuvcr, i the roobs are harvested immediately aiter
buing spraycd, thoy will bu completuly edible and the sprg application
would have buen without oigniricant effcet an quantity and quality of
cdiblo roots, o

Thu responsy of ricc and corn plants te spray applicabions of 1 gallon
© oy Puplu in 2 gallons of oll madu enc month aftur nlanting would b less
spuctacular but would result in uither death or unfruitfulnugg of the
"‘lﬁntv Y R +

Applicaticns of cacodylic acid’(ﬁluu) to rice at any stagg of dcvulop—-
Smeht ab a rave of 7 lbs, pur sere in 3 gallons of solution would cause
S ,‘llow-brown desicestad appi.arance in loss than a weuk, The plants
would be kill.d or, 1P thuy survivudy would not producy grain, Applica-
Lion of Purply bo riece¢ and corn whon thosi erops: ar. approaching maburity
will, of nueusslty, bu wery high to producc 3iénixiuunt ruesults, If
spraya are delayud boo lont (2 WaLCKS L Los normal narvgst), thay ean
o incflective, :

;mgurbdncu ur rwg Abbuuha

: ADustrthion of Viet Cong lood drops in Lh» ;iuld could be onu of the
~most ¢ffuetive muans of duf»etlrg the enermye The Vivt Congs currently
-arc ldving on food crope grown in the aprcas that thiy controel, If Lhusq~

orop are destroyed; the Visu Conge would by ruquirwd,to obtain food
from other soureus or sturve, Tho additional burden of importing: 1ood
: would deoroase tholr LifUQbiVLNQS& in ‘prosgeubdng ths war, -

T throat of %t&rvnbion 1S ultlng from horbieidal Oprays on mangrowt, -
arcas at Hal Yon in An Xugen province was onc reason given by 112 Viet
. Cong who surrendored rcountly, wvan thcubh no: food cropﬂ Waro intuntion-
r'ally 5pruycd in thut area, . : .




A mestnee dssuca 0y the Viet Cong I'rovincial Commissar of Bicn hon
o7 Tovandor 1501 wo 211 disbricl commissruns discusses the Vict Cong
en off netion 1P oanti-eron stbacks shold Lo carricd out hy South )
Yiotnne, Tt is obviou. theb they aro very much core crre.d about anticrop
atiacks not only Irow the vi.wpoint of Tous of food but ~lso from the
noychiolorical ofteets,  Thuy stabe, "o carcful to peevent our numbers,
cadre v and the people from panic or rear', Thoir countermeasures to
“rovent Food losses are Lo Montvest sooner, talie off and hide crops
curo i lly, cultivet. seotboringly, te

e

£I, i..cexmendations for Killing Vict Cong Crops

T ordor 5o s vent confusion nd to minimiz. crrors ir stimating
1 [

plane age, the dose recormended for crop sprays is that roquired to kill
the plant during its most rusistant stage. The table bclow indicates

Liv herbicides and wquipment for use on specific crops. All crops should
b sarayed butween the time thoy crerge from the soil or arc transplanted

to about four weoln prior to their normal harvest date,

Snray Volumc

Cruo ilorbicide  Hate per Acro—/ Gals, per Acre Equipment

nice Bluu 7 lbs, 3 H-34

Lice ;rurpic 1 gal. 3 H-34, AD&, C-47,
c-1232/°

Corn Purp 1. 1 gal, 3 H-34, AD6, C-L7

lLanioc Purpl. 1 gal, . 3 H-34, AD6, C-=L7

ow.et -

I'otnte Purpl. 1 zal. 3 H-34, ADE, C-4L7
Lanioc Pinké&ireen 1 el 3 H-34, ADb6, C-47
Swect

Potato  Pink&Green 1 ogal. 3 H-24, AD6, C=47

1

Y This volume of Purple or Pink and {ircen should be dissolved in two
gallons of ru.l oil, bluc chould be dissolved in sufTicient watcer
bo yic1d 3 gallons of snlution Cuntxlnlng 7 pounds of thc herbicide.

2 -
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DAVA SOHIL MOD HE AT DT SPUAT 1T 005
Horbicide Sprow Micoion Data Sheet
Hlaoion e,
Dotor L _ Tine: ___
Target: Tocotion Sizes
Tomen o Verohations  Tversroon Fore- Hangrove Serub
Condition of Veretntion: Dormant Growing o
Sprazy  Sguipment: Hozole size: lumber of Hozmzles
Flow Rate: Gallons per minute
Purm Pressure:  Pounds per square inch
Flirkt Alsobude ahove Versetation: fact,
Rirerafi Speeds ____wles per hour
Botinated ind Spoed: nil.w ner hour. Direction
AMreraft Direction during Spragr
teathior:
Terpersturc °r, ;
Qvercact . oewny :

Rai~ ocecurrad hours ach2r treatnment.

Rair did not occur for trenir-four hours

Herbicide:

Gallons of Herbicide armlicd per acrc:

AIRCRAFT TYPE:

TPTNTTICATION NUMBER:

T ————————— ——— — > S - A bttt et

PILOT AND CRE':
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AMDENDIX I

Al A 0T DID Huho Al ECUIPMENT

P00 ArPLICATT D OF [IFRETCIDE SPRAY

In developing hicsh volwas dionersal wguinment for installation in
aircraft, {irst consideration ruct ~ given to the total rjallons ner

minute and viscosity of the liouid the ecuipment will be required to
1
nandle,

A high volunc herbicide spray dispcrsal unit Jor usc in an aircraft
similar to the¢ Fairchild €-123, Douglas C-47, or Curti:z C-4L6 must Le
able to deliver 450 gallons per minute at approximately LO psi at the
pump outlet to apply 3 gallons per zere. The pump, therefore, should be
capable of delivering at leoast 600 gallons per minute frec flow,

The reouirced flow of 450 gom is based on a flying speed of 150 mph
and a possible effecctive swath of 500 feet, This recults in a coverage
rate of 150 acres per minute, This will require 15C gellons per minute
flow to apply 1 gallon per acre and 450 gpm for 3 gallons por acre.

The tank and pumping unit comprising the MC—1, "Hour Glass" unit
sresently used in the C-123 would requirce major modification to deliver
this volume of liquid, as would 211 pipe lines and booms.

s Py

In equipning 2 spray plan: to apply thesc high application rates,
cvery cffort should be made to provide tank capaC1ty for the maximum
disposablc load the aireraft is capable of carrying. If an aircraft can
be assigned for spray missions only, its disposable load and productive
capacity can be increased appreciably by removing certain military cquip-
ment which would serve no purposc in a spray plane.,

The following basic items would be required in developing dispersal
cquipment capablc of spraying at a flow rate of 430 gallons per minute,

Alumirun, tank(s) with a capacity <7 1000 gallons or more, equipped

with a duap valve of not less than 7 inches inside diameter and free

vent opening of not less than 8 inches inside diameter; also a suitablé,[”

tank cuantity gauge.

On¢ gasoline engine powercd centrifugal pump with not less than ,
a 4 inch dlametcr inlet and 3 inch outlet capable of a free delivery. of'
not less than 600 gallons pur minute, or two gasoline engine driven
centrifugal pumps, with not. less than a 3 inch diameter inlet d:
inch outlet, FEach pump should be caoablc of a free delive )
than 300 gallons pcr minute,
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Thrve boom suetions should be installed on the alrecraft, one under
©uoi wing outbourd of the ongine nieulle and tho third under the wing
“d Muscelege botrwen the ongine necellos, 16 nossible, or back toward
the L4il wader the fusclage,

‘he type and size of the nouuler sclected should be capable of
vroducing 2 spray with dreplet sise of approxdimatcly 300 microns diamector,
This 1y be wodifivd as R ond D work dictates,

The number of nozzles opcrated st one time will depend on the
rpelicavion rate rcecuired to produce a snecified volume per wcre,

All pipe lincs, hoscs and control valves must be of sufficient inside
dinmeter to carry the naxdnum {low anticipated through them without
causing serious back prescurc, All bends in the pipelines should be
smooth and of as great a radius as nossible. The use of 90° ¢lbows
should bu held to an uwsolute minimum,

Il two pumps arc uscd, a onc inch diamcter pipe should be connected.
between the output menifolds of cach pump to equalize the pressure in
the system,

It is not the intent of the informatim contained in Appendix E to
furnish adcquate instructions for the febrication of a high volume
dispersal unit for a specific aircraft. It is intended to point out
the basic parts required and to emphasize that a volume of 450 gallons
per mirute must be the equipment capability to apply 3 gallons per acre
at 150 mph over a 500 foot swath,
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