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IV. SELECTICN AND TEST EVALUATTON OF CANDIDATE AGENTS

A. CRITERIA )

In the sslaction of candidates and the davalopment of inpré-md dafoualne.

agents and systems, the following criteriz are recognized:
" 1) Broad spectrum of activity .

The agent should be active on many kinds of plauts, with emphasia
or woody species. A continuad search is being made for a2 universal
defoliant effactive on all kinds of plants.’ ORANGE and WHITE, currently
in use, exhibit selectivity in species responss and are notably ineffeccive
in the control of grasses and other monccotyledenous plancs.

2) Rapid {n action

Dafoliation {n 1 to 3 days after application 1is an acceptad
goal for improved defoliants.. Current defoliation agents in use are
primarily systemic herbicides and exhib’t a delay in attainzant of full
defoliation. WHITE is notably rlrver than ORANGE in causing defoliation
undur tropical ccnditions. In conifercus foreac vegetatiom:-(e.g., Canada)

d=follation with WHITE or picloram is not fully achi{aved until 'tha grouing
season following spray application. -

3) Suitable for applicacion wich atr or grouad equipzaa:

Selected agents are preferabdbly liquids wt:h high coneenl:ra:ions
of active ingredients, Physical propertiea of ‘the ageut such as viscosity,
density, flammability and compaeibility with solvents and components of
dissemination systems. should per=it low-volume application of appropriate

"droplet or particle aize at mintml pressures froa availabla spray devices.

&) Hantuxic to pan nnd anunls

In the search Eor new or improved candidacas, conpmnds of
moderats toxicity may ba included in the initial screening programs
becauss highly promising candidaces may be modifisd Co minimize toxicity.

- Salected agents should present minimal toxieity £0 man, docestic animals,

and all forms of fish and wildlife both at the tize of and subsequent to.
application. Prefersncs is given to chemicals that decomposa readily
without toxic or harntul zesidues in soil or l:mnd vegetaticm,

5) Subh in-storasge

Selccted chemicals should remain stable undar storage conditions
Tanging from freezing Cemperacures to tropical heat and high humidicy.

Profersnca nay be given to concentrated liquids chat retain flowabla
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characteristics under a wide range of temperatures. Dry herbicides thaz
absorb moisture from the environment are te be avoided. However, extremaly
stable chemicals resistant to microbial or hydrolytic decompositicn on
contact with the soil present disadvantages where a short-tsrm responsa

is needad,

§) Effactive in low dosage

Under optimum conditions, the selected defouan: agent should
be effective at ninimal dosage rates consistent with the requirements for
adequate volume coverage of the target vegetation. In genaral, the voluma
requiresents for effective defoliation may be less for a growth regulator
or systemic herbicide in comparison with a contact herbicide or desiceant.
Initial screening programs with seadling plants utilize dosage levals of
0.1 and 1.0 lb/acre as a basis for selection of active compounds.

7) Noncorrosive

Salestad agent should preferably ba noncorrosive o storage
containers, disseminaticn systems, and aircraff or mobile equipzent used
in appilcation. Tha covrosive action of an agent may restrict its use ar
require rigld maintenancs schedzies €3 zinimize dimage or deleiericus

effazts on aqulpment,

8) Low in cost

Coat is of secondary importance in the selection and improve-

‘sant of agents. Effectlveness and utilicy of the agent should be-given

firss cansiderat!.on.
9) Readlly available or capable of manufacture

Selected agents should be producible in large quanticies ac .
an accaptable cost.

"B. SCREENING AND FIELD TESTING CAFDIDATE AGENTS

Fort Detrick has tested and evaluated 26,000 chemical compounds,
including every herbicide that has been marketed ¢{n che Unikted S:m:ea
as vall as many from foreign scucces.

A continuing program of research on bilological activity of chemicals

_bas showr. that many chemical compounds exhibit growth regulating, desiceant,
or herbicidal activity but few sacisfy military agent critsria. More than

200 chemicals ate now marketed commercially as herbicides for agricultural
and industrial use. Thasa represent sealections from many thousands of

-chemicals investigsted by the chemicsl industry and priviate and governmant

rasearch. --
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At Fort Detrick, chemicals with known blologisal activity and new
-candidates are studied in the continuing search for improved vegetation=

control agents. Recently, 7,000 new cheuical: for testing wera obtained
from Walter Reed Institute of Research.*

Inizial tcracning is 'cunducted on seedling plants (7 days old) of
8ix species: Blick Vilentine beans, soybeana, morning glory, radish,
oats, and rice. Evaluations are made of desicecant, herbicidal, and ° .
growth-regulating responses over a 2-veek pariod from foliar spray appli-
cations at Q.1 avd 1.0 lb,/acrs. Numarical ratings appliad to each species
on a 4=point scale as no, slighe, moderate, Or severe responses give a
total mayimum Score of 23 points. Racings of the thres principal agents
in this primary scresning program are as follows:

0 1b,/2ere 1:0 1b, facre

K ) -+ oRAMGE 20 20
: P . e -—— WHITE- - 13 20
L BUE 10 _ 22

. e mep e S — s AW RS e b = A re &b gm w8

s Bach ORANGE and WHITE are less effective on srassas than broad-icaved

- . plants and the catings of 20 at 1 1b/acre reflect the linited vasponses ca
ocacs and rica of the 3ix pianca {in this tase.

Higheraping chemicals in the primary screening test are subjected to
an fatermediate screening for defoliation activity on lh-day-old Black
i . Valentine bean plants ac 0.1 and 1.0 lb/acre, Black Valentine bean. has
N . been selected as a test plant for defoliazion effect because of its

characteristic leaf abzcisasion. Typlcal responses of ths three agants
in cthis screening test are as follows:

- ) " 0,1 1b./acre 1.0 1b, /acre
s ‘ ORANGE  Moderate desiccation  Death at 10 days;
. ) " growth regulator effects
: ‘ WHITE Death at 14 days; Death at 14 days:
. : . growth regulator growth regulator effects
. : affects . '
BLUE Slight desiccation »Danch at 14 days
..« i . Candidate chemicals showing high activity in the Black Valentina bean
:.\‘_" . dafoliation screen then are subjected to avaluation for desicecation and

harbicidal response on eight to 10 wvoody species under greenhousae conditions.
‘Spaciss used in this tast at Fort Detrick include: «astern hemlock, Norway
spruce, cxunua elm, black locust, red caple, pin oak, California privet,

* Division .of mdtctnal Chmts:ry, Walcar Reed Army Medical Ctn:-r,
Washington, D.C.
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Scotch pine, pittosporum, and eucalypeus. Follar sprays are applied to

2~ to 3-year-old seedling plants at rates of 1, 5, and 10 1b./acre of
active ingredient or acid equivalént. In the case of ORANGE, WHITE, and
BLUE, application .rates are based on weight of acid equivalent rather than
the total astet or salt in which the chemiczal is formulaced. Rapresentitive
data for these three agents on the nuxzber of apecias (of a tocal of 10)
shoving extrema desiccation ot kill and duf.ol.:l.a:i.an at 30, 60, and 90 days
follow:

I 518 131 3
Desiccation : 1 2 4 W1 ™ 5

N b
~ B

K111 and defoliation

30 days 3 3 3 2 &4 S 1 1 1
60 days 1 1 @ 2°1 3 N X KD
- © 90 days 1 ® 3 1 1 1 M ¥

The prizary reapcuse.a of ORANGE and m as harbicides and thac of
BLUE as a desicecant ara evident in these ratings.

Following initial laboratory and greenhousa scre=sning progranms,
chemicals selected as potential ancicrop agents are subjected to field

. screeming and tascing on several major crop species. Prosising defolianes

and herbicides are evaluated in a series of field tests on native vageta-

tion at CONUS and OCONUS sites representing varieus :enpera:e and tropical
plant Ctypes.

1. TF{ald Tests of Chemicals on Crops
Evaluations of ehe:;:icals an‘ specific crops ara made in replicatced

tests at three dosage ratas uai.ng a logarithmic sprayer or kmapsack syrayer.
Seaszonal rasponses are obtained by creacment at two or three stages of

growth. Effective rates of applidacion for control of selected crops by

the standard and candidate agents liaced in Sectcion IIT are as follows:
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Rice
Tandex
Bromacil
BLUE
Diuron

Wheat (vtn!:er!
WHITE

Plcloram aster
Bromacil
Tandex

BLUIE

Sugareanse
Bromacil
Tandex

Corn
BLUE
Da lapon
Bromaetl
Tandex
Diurzm

Rate, 1b./acre

o.s
0.5to 1
2.5 to 1
204

NN
oM an
cocoaos
LR R ok R

S to 18
Sto 1S

t

LR B L
(1]
o0

g3
[+ ) Lo )

2. Fiald Teacs of Defoliants

Pocaroes .
Picloram estar
WHITE
ORANGE

Soybeans - -
Picloram ester
WHITE

Castorbeans

. Picloram ester
ORANGE
WAITE

Marnioe
WHITE
Picloram ester
- ORANGE

Race, 1h./acre

c.s
1
‘4 to-8

Initial field teating of defoliants on netive woody vegatation has
.been condueted by Tort Detrick personnel with a vehicle=-mounted high-lift

boom capable of overhead spray application on plots ranging in sizes from

20 by 20 faet to eircular areas 50 feet in diameter. Subsequens RLD tests

have been conducted wizh aerial disasemination systems, principally the OIDAL,
using H-19 and H-34 aircraft and the UH-1B/D helicopter-mounted sprayar,

with 200-gal tank, developed by AGRIMAUTICS.

Both halicopter and fixed-

wing agricultural aircraft spray syscems alseo have baen ucilized for CONUS
and OCONUS tescs.

1 to 10-gal/acre.

tion.
rasponse data.

Application volumes in the tast program have varied from

Fleld tests of candidace defoliants are designéd to avaluata such
varizbles a3 raotes, volume of application, séason, and vegetation composi-

Three »stes of applicariow are usually esployed to develop dosage-
Evaluation procedurss vary with the objeczives and intemsity

lavel of the test program; thess may include determinations of:

: 1) Defoliation on degree of canopy removal by cum or mora of
the following: . :

= (1) visual estimates of cverall defoliacfon; (il) esci-

nates of defolisticn basad on repeated obsarvation of individual marked
. plants af impovtant specias; species data may be summed for the vegeta-
tion type ot cest site; (iii) percentage reduction of vertical
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cbscuration as determined bv repeated vertical photographs at per=anent
photo szations; (iv) percentage increase in horizontal visibilicy based
on: changes in ohscuracion of targsts at selected discances from a cencral

obsarvation. point; and (v) aerial pho:ography with color or camouflage
detaction film,

2) nesiccaeian or contact Ln-ju:y from visual m:al]. or
individusl spacies racings.

- - - 3) Plant kill, based on overall visual u:imtu or composited
spaciea ratings fron sampled individuals,

Defoliation and desiccation may be evaluated periodically za
-determine parcentage and duration of response. Plant kill determinations

should bs made after one coaplets growing seaason has ehpud. fouwi.ng
treatmenc.

3. Parametaers for Effective Defoliacion

Avalilable data from asrial application tests at several CONUS and
OCORUS locatisns are presented in the follcwing tables to flluscrate the-
effacts of variables such as vegetation typa, vegetation structure, ratas,
‘and ssason of application of agent on defoliation response.

a. Rate of Applica:ian *

Under tropical eondicions, applications of ORALGE and WHITE
at 3 ghl/ac:a -appear tn give optizum defoliacion (Tables 1, 2, and 3).
Tests with ORANGE over the range of 1.0 o 6.0 gal/acre showed increasad
defoliacion with highexr rates of applicacion. Undar temperace zone condi-

tions, the 3 gal/acre ratas of UHI'E gi.vas effectiva long-tarm defoliatiom
(’Iabl. 4).

Incmling the race of appuucion of BLUE in excass of 9 to

12 1b./acra did noe appreciably {ncrease the efficiency of d-fnuaticn
(leh 5).

b. Season of Appli.cation

" Tests of ORANGE ond its predecassor PURPIE {n Thailland showed
that epplications vers more effective during the rainy or growing season
than in the dry season (Table 2). A higher rate of application may partially
compensate for the difference in sessonal rasponss. In the sama tests,

cacodylic acid or BLUE shoved no diffarence in defoliaticm with season of
;pplicl:ion. .
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TABLE 1. DEFOLIATION RESPONSES FROM ORANGE
IN TROPICAL FOREST SITESd

Dafoliation ag Period Tndicarzed, %

Ipcaeimmdaataméallacn 1m0 3w 630 9m0 12mo

uqt;inc, Puarto Rico: -
tropical rain forest

April 1966 Applicaeien
1.5 ) 61 65 52 -/ 38
3.0 ) 73 79 66 - 55
6.0 - 75 5 71 - 81
Ogtober 1366 Application
3'.9_ 46 * 62 75 - -
Hilo, Hawvail: :
chia, tree feorn Zorest . December 1965 Application
3 .

45 60 62 58 33

Raual, Hawaifl:

ohia, guava, java plum Decembay 1967 ipplisation
3

71 84 &0 - .-
Thailand?
dry avergrean forest © May 1964 Applicatiem
3 . . - S0 66 50 30
: September 1964 Avplicarien
3 40 57 - &0 45 a2
) . Becembear 1964 Application
= S o 15 52 52 37 a

o v N e som M mengi—————— et g e -

INTERPRETATION OF TABLE 1: (L) Sigoificant defoliation may occur

st 1 monch sfzer spray application. (ii) Maxioum defoliation
usually occurs at 2 to 3 months after spray application.
(111) Regrouth of vegetation occurs in 9 to 12 months as showm
. by the decrease in defoliation ratings.
&, = = 0o data.
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TABIZ 2. DEFOLIANT EFFECTIVENESS OF ORANGEZ/ IN TROPICAL 'FOREST
. VEGETATION AS RELATED TO RATE, SEASON OF APPLICATION,
AND DENSITY OF FOREST CANOPY2

Maximum Defolfacion. % .
ain easen Applicarion Dry Season A iecation .

Spray Daeposic, Canopy . Canoov
gal/acre Single Multiple _ S!.ngh Multiple
. 3.0 88 73 8z &7
2.5 79 68 . 71 81
2.0 76 59 &b - S&
1.5 76 52 - 58 48
1.0 76 49 52 " .42

INTERPRETATION OF TABLE 2: (1) Grezter dafoliation is achieved
under a&ll conditions at the higher rates of application of 2.5 to
3.0 gal/acra. (ii) Greatsasc defoliation cccurs i{n vegetazion
types with a light or moderate deasfty typical of a singls
canopy. Multiple layers of canopy foliage interfers with penetra-
tion of apray to lower vegetation. (1i11) Treatment during the
dry season vaduces the caxicum raspomsa especially at the lighter
dosage rates. As a systemic herbiclde, ORANGE {s more affective
during pericds of active vegetative growth. (iv) The data uay
also indicate chat greatest overall effects may be obtained from
twa l-gal/acre traatments, with the second at :hn peak of
defoliatien from the first application.: .-

a. Tests {ncluded ORANGE and {ts predscessor PURFLE.

b. Data based ou OCONUS daefoliatiom tests in Thailand.’*

TABLE 3. DEFOLIATION EFFECTIVENESS OF ORANGE IN TROPICAL RAIN FOREST
OF PUERTO RICO AS RELATED TO RATE OF APPLICATION®

Refoliation ar Peéiad Indicated, %4

Locazion and Rate in gal/acre l o 3 mo 6mo. 1lyr

Luquillo Ratiomal Forest, April 1966

LS _ 61 65 52 a8
3.0 o 73 79 66 S5
6.0 15 91 71 61

INTERFRETATION OF TABLE 3: (i) Effective defoliation was obtained ar 1
month sfter application at all rates. ({i1) Increasing the rate of applica~
tion gave higher rates of defoliation. Howaver, ovar the pericd of evalua-
tion, the incressed defoliation at 6.0 gal/acre was not proportional to the
{incraase in cost and logisties burden compared with the 3.0 gal/acre rate.
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TABLE 4. REPRESENTATIVE DATA ON DEFOLIATION AND VEGETA'

CN CONTROL
WITE ORANGE AND WHITE ONE YEAR AFTER TREA

" Location and Vegetation Type

QRANGE WHITE

VYegetation Control ar 1 Year, %

[ kel
B

New Brunswick, Canada, 1967:

birch, maple, aspon, spruce, f£ir 51 82
Florida, 1967: '

wvater oak, magnolia, sweet gum, holly 54 =h/
Georgia, 1967: .

bluejack, turkey, md post oaks 37 72
Azkangas, I367:

post oak, hickory, winged .I.n 83, 70 82
Kauvai, Hawail, 1967: e/

otia, m‘._u:m, lantana, guava 56~ -7
Thalland, 1964:

t:roplcil dry evergreen forest 36y 70-‘1/

INTERFRETATION OF TABLE 4:

(L) Im bol:h temperacea and tropical forests,

applications of ORANGE and WHITE at 3 gal/acra do not pro-.ride for com-

plate defoltacion at 1 year fcllowing application. -

(11) WaGE

appears
to be more effectiva than QRANGE in defoliation on a long-term basis,
Howvever, peak defoliation from WHIIE devalops much later r.h.ln thae

from CRANGE applicaction.
a. Applications ac ) gl.llacra.
b. Xo data.

¢. -Evaluation at 9 mch.-.
d.

Applicacion of ORANGE at 2.5 gal/acre; WHITE application :onn:l.scad af

2.3 lb./acre of picloran + 5.3 1b./acre of z,l.-o (ptclcrnn equivalent

to 4.6 zal/acre of WHIIE ).
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.‘I:ABLE S. DURATION OF DEFOLIATION OF TROPICAL VEGETATTON
WITH AFRTALLY A2PLIED BLUEL .

Dafoliazion, %,

ac Indicured Davs after Treatmant

Locacion, Species, and Rate in Ib./acre 7 1 30 & 180
las Marias, Puerto Rico, 1967: .
seni-evargraen foreat .
12 . _ Ss1 & 0 37 43
Kaual, Hawail, 1967: )
geuva, ohia, Java plum, staghorn farn . ‘ .
9 37 45 5 s1- 25'-’-'{
12 40 S5 62 S 262
15 4 s6 59 s7 26

Thailand, 1964-1965:
tropical dry evergreen forest .

3.4 15 42 52 37 15
6.0 : 30 35 65 &3 as

IRTERPRETATICN OF TASLE S: (i) Moxioum defoliation of t-opical vege~-
tacion occcurs at 2 to 4 weeks after applicacion of BLUE. (ii) BLUE
causes short-term defoliationm. Substantial regrowth occcurs by &0 days

or later as shown by marked reductions in defoliariou ratings ac & to 6

months. BLUZ acts as a desiccant rather chan a systemic herbicide as
ORANGE and WHITE.

a. Rate 0f£ 9 1lb./acre is equivalent to 3 gal/acra of BLUE or Phytar 560G.
b, At 120 monchs.

c. Single=- Versus Multiple-Canopy Vegetatiom

Structure of vegatation influences the degree of coverage and
penetration of spray deposic in aerial applicacion. Data on defoliation
reaponse in singie and multiple caropy in Table 2 show that somewhat
greater defoliasion was obtained in forest typas with a singla versus
miltiple canopy.

In multiple~cano~y vegetiatiom, repeat spray applicacion
may be required tc sbtiin adequate defoliacion of dense undergrowth

aftar the upper foliage canopy has been reduced £rcm the tni.:ial spray
trsatment. .
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d. Vegetacion Type and Species Composition

Overall defoliation response will be affected by tha specias
composition and type of vegetation. Species vary widely in their response
or susceptibility to the aystemic herbicidas ORANCE and. WHITE, and the
long=term effectivenesa of defoliant treatmants will be Influenced by tha
proportion of rosistant apecies i{in the vegetation complex.

Tezparate zone vegetation appears o tmapond somewhat betzer
to agents TRANGE and WHITE than tropical vegetacion (Table 4). A notable
difference in effectivensss between the two agents ORANGE and WHITE is {n

the greater response of coniforous evergreen types to picloram or WHITE
than to ORANGE. In Vietnam

, the uipa palm is mich oore suacepcible to -
ORANGE chan to WHIIE. : . ) :

-
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V., AERTAL DELIVERY SYSTEMS

"A. C=123/MC~1 SPRAY SYSTEM

The first spray system employed [n Vietnan by the USAF vas' developed
at Langlay AFB, Virginia, for d{ssemination of liquid insecticides. Tha
system consisted of the Fairchild C-123 aireraft, che sodifiad -1
(Rourglass) spray device (1,000-gal cank, 10-hp gasoline engine, p=p,
and piping) with spray booms om each wing extending from the wing tip
to thas outboard engine nacalle. Each spray boca vas 1.5 loches in
diamecer and conctained 42 tesjet nozzlas. The system wvas capabla of
spraying PURPLE ac a rate adequaze to deposit 1 gal agent par acre.

Subsequent to use of the system, tha QSD/ARPA evaluation team made a
series of recommendatioas that included:33

1) Hodify the spray aystem to provids for deposi: of 1.5 gal/acrs
in a spray having a 1D of 300 u.

2) Apply 3 zal of PURPLE per acre on upland forest targets
{zuo pasaes at 1.5 gal/acre each).

3) Cavelop a system capable of depositing 3 gal/ac:cﬁ on target,

1. Modification and Calibraticm

During the spring of 1962, ARPA spomsored a test and avaluation
‘program on various spray configuracions of the C-123/MC-1 system aa well
as vork on the USK HIDAL (Helicopter, Insacticide Dispersal Apparatus,
Liquid) spray device.?® The second, major modification of the C-123/MC-1
system vas tested and evaluated at Eglin AFB, Florida, {n 1963 (Fig. 2).

Concurrently, additional studies wers accomplished cn the HIDAL system and
‘on a prototype USN FIDAL (Fixed-Wing, Insecticide Dispersal Apparatus,

Liquid).*® The results of the 1962 spray trials uwere evaluated and a
configuration uas described that would producs an effective swath of .
approximacely 300 feoer with & depesit of LS gal PURPIE per acre in a
spray having an D of 293 u (release altitude 150 feec; airspeed 130
knots). The tascting during 1963 vas an extension of the 1962 effort on:
various modificacions of the C+123/MC~1 systen to achigve ) gal/acre
deposits of PURPIE. Major changes {n the cest system included: two
20~hp engine=-pump combinations par-unit as the power source; an added ta{l
boow; all new spray booms 3 inches in diameter. A total of 110 k-inch
check valves ware installed in the three booms. Farly in tha test pro-
graa the 3-i{nch wing booms proved to be unsatisfactory and were repliced -’

with booma 1.5 mchns i.n diameter. Conclusions from the rasults of the
tuts v.r-' :

1) Thm-gnllure deposits can be achiaved on swaths 240 feet
wide vhen spraying at an airspeed of 130 knocs at 1SO-foot altitude.
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1 Spray Syvtem as MHodified {n che 1963

£t uith -
Triala,

TIGURE 2, UC-1238 Aircra
Eglin AFB Calibraticn
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2) Two 20-hp pumps are needed to achlm a requ!.rcd flow rate
of 430 gal/min of FURPLE,

3) Using oniy tha w’tng. booms, 2 gal/acre is the @ax izum

practical deposit posaible; using all booms, 3-311 depoaits my be
obtained.

The recormendations {ncluded replacement of tha 10-hp engines in the
operational systems with tha mora versatile 20-hp unics,

After couplation of these trials, numarous changes were nade in

the_spray system, but no additional calibration studias vers accomplished
uncil 1968.

2, f\/MS‘Z-l Internal Dafoliant Dispenser

The USAF developmant and adoption of the A/A457-1 Internal Defoliant
Dispenser reprasents a major step in the evolution of the defaliant systenm
and is the unit currently in uase by RANCH RAND (F{g. 3). The A/A45Y-1
defoliant dispenser is a modular apray system for internal carriage in
cargo alreraft,, The module consisca of a 1,000-gal gank, pump, and ergina
{20 hp) mounted on a frame pallat, An oparaior’s console {3 an integral
part of the unic but is not mounted on the pallat. The C-122 aireraic
has wing booms 1.5 inches in diameter and 22 feet long ax:em_i!.ng from the
cutboard engine nacellas toward che ving tips. - A shore tz2{l boom 3 inches
in diamecer {s positicned centrally near the aft cargo door. There are
16 nozzles on each wing boom and eight on the tail boom. The nozzles are
check valve bodies with 3/8-inch orifices (no nozzle tips)}. The system 1is
capable of spraying act the race of 275 gal/min, which when released at 150
feat altitude at 130 knots airspeed will produce a swath 240 feet wide with

-2 oean deposit of ] gal/acre in a coarsa spray having an ¥MD of 320 'to 350 u.

Spraying time is approximately 3.5 to 4 minutes, which {s adequate to
dispense 950 gul of chemical on a line about 8.7 statute omiles (14 =)
in length. In order to achieve prediccable depoui::, it i{s racommended
that thé missions ba conducted undar {nversiom to ueu:ral temperature
sicuacions and calm wind conditions.

5. ‘HmaL

Tn 1961, vhen tasting in Vistnam wvas proposed. the USN HmAL‘ was the

- only lmown military apray systam suitable for use on the H-1% and H-34

helicopters (FPig. &), then being used by tha Vietnasese Alr Foree (VRAT).
The unit had been designed and built by the Diseass Vector Control
Center. Naval Air Station, Jacksonville, Florida, for disseminaciom of
aquaous solutions of inaecticides. One such unit was obtained and was
the first spray system put into operation {n Vistnam. Later, a total of
six HIDAL units wvere made oparatiocnal). The device consists of a 200-gal
cylindrical fiber glass tank that (s positioned inside the cabinj; an
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~ Used for Defolistion in RVN in 1968 to 1969.
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electrically driven, positive displacement pump capable of delivering
25 gal/win, and two spray booms 25 feet long thac extend out and back from
the fuselage in a delta design. Each boom was equipped with 21 spraying
systems teejet nozzles capable of delivering 0.6 gal/min of water at 40
psi pump preassure, During use, a numbar of deficiencies were made apparent
and several components fiailad or malfunctioned. Equipwent modifications
were accouplished by NAS, Jacksonville, and the modified unit was tested
during 1962 to 1963. The reliability of the system vas improved and tha
-tast results show: spraying PURPLE, the unit can davelop sprays with an
MMD of 365 u in swaths of 190, 160, and 150 feet wide with deposits of
0.5. 1.0, and 1.5 gal/acre, respeccively, when flown inmwind at 55 knots
at an altitude of 100 feet.*® Extensive use of tha system by VNAF waa

" limited by their inability to maintain che units i{in an operable conditicnm.

C. SELECTIVE AERIAL SPRAY S7STEM

Trodp units {n Vietnam were quick to recognize the usefulness of the
vegetacion-concrol agents for maintaining vegetation-free perimecer
defenses, helicopter landing sites, .and deszruetion of ¥iet Comg (VC)
garden plots. These areas were considercd to ba too szall to justify tha
use of the RANCH HAKD systems; further, the fiald unics felt a need to have
their own spray capabilicias. A number of jerry-rigzed spray devicas for
use in helicopters were assemblad and used. Oma such uniz (SASS) was
described im a letter from che Army Concept Team in Vietnam (ACTIV) to ™ -
six airmobile units. The svstem was simply conacructed with components
available {n the field and comsisgted of a 55-gal drum, a pressure unit
from a portable flame thrower, connecting hoses, and a length of pipe
with drilled hdles as a spray bood. Tha unit could bte installed easily
.in the UH-1B or UH=1D helicopeters without modificaticn to the aircraft..
The spray bocom was tied to the rear skid atrucs. The unit performed
satisfactorily and was recoomended for inmterim use, Another such system-
‘consistad of two 55-gal drums welded togethar end-to-end; & frame was
affixed to the botctom for tis-doum; large (6 to 8§ inches) apen tubes
- fastened to the top on each wnd of the tank were angled our of tha heli-
coptar doors into the airstresm snd served as ram air orifices to complamert
graviecy flow of the chemical through the spray boom tied to the skids.

One other unit utilires a 400-gasl angine shipping container in a CH=47
"helfcoptar and a long boom fastened to the cuter edge of the aftc cargo .
door; flow of agent is by gravity feed. Each of thesa units has satisfied
a nead for & small spray davice for use in ava{labla airerafe, The ACTIV"
letter also described the AGRINAUTICS (then ACAVENCO) spray units that
‘vere .oeing usad for mosquite concrol in Vietnam and recormended that such
& systea be developed for use with vegetation-contiol agénts.
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D. UR~18/D HELICOPTER SFRAY SYSTEM (Acizmmc{s)

The AGRINAUTICS (formerly AGAVEHCO) spray unit {s self-contained and {is
suitabla for use in the UH-18 and UH~-1D Army halicopters, the US Navy UR-1E,
and US Air Force UH-IF types. It can ba installed {n or removed from tha
aireraft in & matter of oinutes baczise it iz “tied down™ to inatalled cargo

- shackles and no modificationa are required for ita use, The spraysr vas
designed for the disseminacion of insecticidas, and six of the units wera
deployed by mediczl tzoops in Vietnam early im 1966, Eight of the units,
with mod{fications. were procured by the Army Mobility Equipment Command
late in 1967 for use in dissenminating vegatarion-control agents. The
latter units ware tested i{ntensivaly in Vietnam during 1968, and lace in
the year 21 additional sprayers wvars ordersd for Army use. The Modal 3090-2,
Spraysr-Pesticide Halicopter Mounted, UH-1B/D is composed of a six-bladed
windmill pump drive, spray booms and nozzlss, a tank amd support atructurs,
and a wechanically operatad valve control. The aprayer tank is a 20C-zal
epoxy structure. The windamil] ray be manually adjusted ‘on the ground to
any selected blade angla from 10 co 50 degreas. The spray boom {3 32 feef,
2 inches long and has provisions for nozzles every & inches. Tha unit is

L]

.
v 1 oe APy W DA YA A W 5 St A1 WA Uy ¢ s g ure v - v
v N

B aperated by nanual controls to the flow control valve and a windmill broka,
N The syatem has a usable capacity of 195 gal and waighs approximately 20C 1b.,
W : enpty. Licdted tests by the manufacturer, on contract with the Ammy, shew
} : chat wich the maxtimum pitch setting (1.0) ca the windmill, airspeed 50 knots
s ‘ at 50 feet altitude, ORANGE i3 daposited in a 1CO0-foot swach at a rate of
" e . - 2.5 gal/acre. The MMD of the spray may be axpected tg he approximately
R 300 u. Users in Vietnam have cxperienced difficulties f{n chtaining flow
‘b"&.‘- : rates of chemical adequata to provide, in a single pass, desired dosages
oy ’ of both agents BLUE and CRANGE. The manufacturer and the US Army

,/ t . Mobility Equipment Command have baen 2dvised of limitations in the spray
P ) device and corrective modificaticans may be expected.- :
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VI. GROUND DELIVERY SYSTEMS

e e e D e g

A. BUFFALO TURBINE

Engineering development of & ground delivery system for employmént of
vegetation-control agents hag not been accomplished. Various dissemination
devices, as fiald expadients, hava baen used in Vietnam for control of
vagetation on limited areas. The Buffalo turbine {s a umic thac is ;

‘ rapresentative of ona type of disseminacor that {s capable of disseminating
either liquid or dry chemicals and is availabls from agricultural supply -
houses in the United Statas. A number of different wmodels may be obtained:
towed or vehicular-mounted; powered by a gazolide engine or from a power
taka-off asseubly; also, various tank sizes ars available. One unit thae
has been in oparation in Vietnam since 1961 consists of a trailer-moumted,
100-gal stainless steel ctank with agitator, Pump, turbins fan, and air-
cooled gasolina enmgine. In operaticn, the turbine fan serves Co generata
a high=voluca, high=velceity airstream that L3 projeczed through a somarhat
restricted orifice, Using an available f£ishtail aozzle, the machine will
develop an air blast of a velocity up to 150 wph at 10,000 fe3/min voluza.

- The chemical injected into the air blast {s 'shot" at the folfage.
the oaterials bécome finely atomized, care is taksn to avold dvif: dazags.

The Buffalo turbines has been useful for roadside spraying and ap;uca:ions
on perimater dufenses,

3. MITY-MITE

The Mity~-Mite back pack sprayer-duster was introduced inte Vietmam for
study a8 a possible means of forcing riot-conerol agents throughout enecry
tunnel complexes. The devics wvas devaloped by the Buffalo Turbine Co. and
operztas on the sacms principls as their larger units. The unit veighs
21 3/4 1b. and consiscs of 2 Homeliza engine, blower assembly, tank,
discharge equipment, and pack frame. Tha tank capacity is 0.5 ft3 of
dust or 3.5 gal of liquid.' In operation, the umit will spray at_the
rats of 1 gal/min in an airstreanm of 135-mph velocity and 450-£e3/xdn
volume (at the hand-held nozzle).  The Micy-Micta i3 suitable for dissemi~-

nating liquid or dry chemicals for the control of plants in small garden
plots and/or seedbeds. .

C. POWER-DRIVEN DECONTAMINATING APPARATUS

The power-driven decontaminating apparatus (FDDA) iz a self-contained
spray system oounted on & by 6 military vehicles and is intendad for emplay-
mant of decontaminating chemicals for elimination of toxic antipersonnal
agents. In the fiald, the units are used for many purposes, including the
disseminacion of vegetation-coutrol rgents. Several diffearsnc PFODA oodals

" are available in Vietnam and all are adaptable for use on vegetation=control
problems. Tank capacities vary among tha models and may be 200, 400, or 600
gal; the larger models have power take-off-driven pumps capable of delivering

chezicals at the rate of 35 to 60 gal/min at pump prassaras up to 800 1b,/in.2.
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Delivery is through two hoses, wizh sdjustabie nozzles, located at the rear
of the uniec. Ths PDDA units have been used affectively with available

chenlecals to control vegetation.on minefinlds, perimeter dafensas, road-
. gides, etec, " ’ -
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VII. TARCET VEGETATTON TN VIETNAM

" A. DESCRIFTION OF FORESTS o | . o

i The foresta of Vietnam have been studied exgenszively over the past 60 .
years and the vorks ara well documented in botanical and forestry literature, o
According to publications prepared by French botanists, thers ara more than
1,500 species of voody plants in Viatnam and 2 wida rangs of forest types.:? .

. The botanist, tayomomist, and ecalogist are concerned with each specific
forest formation; for the problea of defoliation, .the military in the fiald
recognizes two principal types of foveat: (i) upland forests, which {pclude
tha denss evergreen and fairly dense semi-evargreen types, and (iL) cha

- lowland or mangrove forasts. Tha basis for this simplified classification

- is the generzl, overall response of esach type to the availabla vegecati{on=-

- control agents. The upland forests are mada up of compiex assoeiations of
plants with varying degrees of sansitivity to defoliznt agents and prasent
a2 much more variable target than tha mangrove forests that comsist of one
dominant plant type that {s uniformly sensitive to ORANGE. Complate defali.a.-
tion ” ('.007) of upland Loreat targets hus nct baem nccoup;i.-.hed.

———

; 1. Pri:ut'y Upland Forast

The primary upland forest usually consists of an overscory or
dominant canopy made up of trees varying {n height and crown siza-and an
{ntermediate layer or undersetory of smaller treas (Fig. 5). The two layers
together form a dense canopy as seen from the air. The averstory traas
may attain a height of 60 to 125- feet in higherainfall arsas; in regionas
with a pronounced dry ssason, the dominant species may be somawhat
shortar in height and more widely spaced. Woody vinea occur commonly
in the top of the canopy and form a densa interucven network.

ey mr Em e s

Pl
‘
cate b ——

; The undecstory {8 made up of shrubs, vines, and smaller trees,
ranging o height from 20 to 30 feet. This lower level may consist of
' bamboo, vines, cane,- grass, and vattan, all close together in a tangled
mass, hard to travarse, and limiting visibility to a few yarda., A few
! avergreen species ars deciduous in areas that have & dry season.
. -

v . 2. Secondary Forest

" The secondary forests may have only remmants of tha overstory tree
: canopy but have dense growth of small trees and shrubs. Tha understory
vegatation i3 dense and difficult to penetrats. The secondary Zorests
E may ba rapresented by aveas of tropical scrudb on abandoned cropland or
aress vhers timber has been removed. Theae ara made up of gn assortmant
of shrubs, vines, and grasses. Tha shrubs may ba 15 to 20 fesr tall and -
ara often covared with vines. ;This type of vagetation afforda cover far.
man, animals, and equipoent agsinst observation from the ‘sir.
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3. Lowland or Mangrove Forest

FIGURE S. Multiple Canogy

of Sotutheast Asic.

Jungla or Tropical EZvergzaen Forwst .

Lowland or mangrove forests are of two genersl kinds: those that
grow in standing water, usually within the li=its of ths mean high tida,
and those. that grow above the tidal limits but in warshy, poorly drained
areas. In either case, dense, purs ztands of trees tend to furz.. In

each group, the trees tend to ba of the same age, ranging from 25 to

60 feat in height. These trees have prop and aerial reets that ‘mpede

movemant and visibility and crowns that lorm a comnticucus canopy that

affords protection from sir nbservatiou.
although i{n places nipa pels, water cocomut

(Fig. 6).

Ground cover is usually lacking,
» and goxe tall farns ogour |
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VIGURE 5. Mipa Palm, a Cozmon Associate of Msogrovw in the
Mekong Delta Region of RVN. -

4. Growth Pactarns

It must be rememberad that many different kinds of trees ars in
these tropical forests, and each has a different growth eycle and di. sz N
ent sensitivity to herbicides, chus making uniform cesults with defoliants L
difficulk to achieve. In genaral, the activa growing season for upland .
vegetation starts with the first rains just bafure the onsat of the rainy

season, and most of the vegetativa growth cccurs during the early part of

this sesson. The flovering and fruiting come later in the rainy season or
at the start of the dry season. During the dry part of the yesar, the ]
troes tend to be dormant, but ths varying rainfall patterns can vary the
periods of active growth. Tha dormancy factor has a dafinite influsnce
on the development of effects from an application of the growth-regulator
chemicals; defoliation may be delayed until growth is resumed with tha

onsat of tha rsiny season. Ths mangrove forast does not exhibil ssascnal
variations. - ’ :
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B. SINGLE, DOMINANT PLANT TYPE

The largest numbers of spray missicna {n Vietnan hava been carried out
on mixed forast vegetation; howevar, there ars a number of prims targets
that consist largely of a single, dominant plant type. OQutstanding

_ examples include: (1) Nipa palm, frequently found in association with

sangrova, pruvides a denas screen along watsrways, and aay ba contrblied
successfully oaly with CRANGE but it reaponds much mors slowly than
adjacent vegetation. (ii) Elephant grass is a serious problem in many,
{f not most, of the so-called "opan arsas™ in upland forescs and can ba
controlled only by BLUE when used ar high rates. (111) Rice is saverely
damsged or destroyed by BLUE at low ratss; the applicacion of 1 'gal/acre
is more than adequate to cause 1007 yield reduction.. ORANGE and WHITE
ars Dot recomnended for use on rice; upward of 5 gal ORAKGE per acrs ars
raquirad to damage the plants ssverely. (lv) Bamboos of varicus types
flourish throughout Viatnam and present a formidable problem when their

" control {s required. Scwe species may be defoliatad by high applications

of BLUE, but tha-plants are not killed and the clumps of stems, alorne,
provide effective acreens. It is felt that-tha development of a capability
to contrcol bamboo effectively may be dependent on usa of a soil-epplied
compound (currently not approved for use {n Vietnam). (v} Broad-leaved,
arzival crop plauts, as a type target, may ha treated as a single species

since thay are uniformly killed by the high dosages of CRANGE obtained in
Vietnan, .
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VIIT. EMPLOYMENT OF VEGETATION-CONTROL SYSTEMS *

A. BIANKET COVERAGE - CROP CONTROL

Prior to the {nit{ation of the dafoliition pragras in Vietnam (1961),
a large body of research data on the dissemination of chemical vegetation-
control agents was developed by Crops Division, Fort Detrick, in cocperaticm
with USAF and USN. Several experimantal, prototyps, and developmentcal
spray davices were tested with a variekty of alreraft (C-47, F-3D, F-7U,
B~-17, C-119, B=29). With but few minor exceptions, the test programs had
as their objective the ultimate development of blankat-cuverage capabilities

- for large-scala attacks on crop plants.. Thes chemical sprays were relsased

as aievated line sources normal to thas prevailing winds; dalivery altitudes
vers varied from 100 to 2,000 feet, and results shoved tha optimal spray
altitude to be 1,000 to 1,500 feat. Further, in rscognition that a given
mass of material produces the zreatest effsct when applied as small drop-
lecs (<100 p). comsidarable affort was davoted to studies on means of

producing high-volume sprays of droplats having an MMD of app:uu:imately s

and ground deposits, of what now i3 known as ORANGE, at 0.1 1b./aecre and
greater.d

The finzl spray tests with lowespead, propellur-driven aircraft werce
accomplished during the spring of 1253 ac Eglin AFE, Florids. The studies
were on the Hourzlags uait Iin B=29 ard C-119 airerast with srosswind spray
releases at 3,500~ and 5,000=fooc iptervals at alticudes of 1,000 and
2,000 feet ..nd agent flau rate at 100 gal/ain. The oean deposi: in the
3,500-foot swaths was 0,39 lb./acra; in the 5,000-fcot swaths Lt was
0.34 1b, /acre, The results of these and othar teats show that the gysten
wag capeble of blanketing approximately 48 squaze miles of target with
1,000 gal of chemical,”7+® Further investigations involved small-capacity
spray systems on USN high-performance fighter air-cratt,

3. CONTROLLED APFLICATION - DEFOLIATION

The nature of the conflict in Vietnam and the spray mission deranded
that new euployment comecspts, techniques, and squipwenc be developed.,
Careful control of chemical sprays was requirsd in order to pravent or
pininize dascage to economic crops not balomging to the VC. 1In order to
satisfy fully this requiremsnt, the following guidelines vare eavolved:

(i) the missions will be accomplished under inversion or neutral temparaturs
conditions wich calm (0 to 5 mph) winds; (ii) the spray will be delivered
at 150 faet altitude or lower; (i{ii)' tha spray f£light will ba inwind Lf
directlon of flow can be determined; (iv) tha MD of the spray will be
coarse (300 i), an attempt to reduce the aumbar of small droplets available
to drift off-rarger; and (v) delivery aircraft apaed will be slow (130
knota) zo minimize droplet breakup from impingement of the airstreanm on
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the spray at the.nozzle and to maintain a capability to stay on target

with changes in direction. An objective of the early tests waé to obtain
grvound deposics of 1 gal (approximately 10 1b.) cheoical par acrs. The

first C~123/MC~1 spray configuration sacfafied the spray requirementy
initially; however, the OSD/ARPA evaluation team determiced that deposits

of 3 gal (30 1b,) of agent per acre were required to insure significant
defoliation of upland forest vegetation. Numerous modifications and extensive
evaluations were accomplished in efforzs to aéhisve the 3 gal/acra deposits.
Ultimately, the a/A4LS5Y-1 spray system was-developed and supplanted the

' .earlier models. However. {t was not calibracad and performanca charactaristics

wera not evaluated prior to 1965 at which time tha system was included in
studies directad by the Chisf of Staff of the Air Forca. Comeurront with
the calibration studies on tha UC-123B and A/A4SY-1 spray system, {£ vas
being modified. Two gasolina-burning jet angines wers added to the air-

. eraft that now i3 designated the UC-~123K, and wing booms 22 feet long have

replacad tha 17-fsot booms that had been shortened previcusly by the fisld
units. Performanca of the UC~123K and A/ALSY-1 system also was avaluated
by 'APGC, Eglin AFB, Florida, in the 1968 test and evaluation program.

The syatem in oparation 1is portrayed in Figure 7.
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A. EVALUATIONS

It is of inzZereat to note that, among all tha controversial subjects
that ara parts of the ccnfliet in Vietnam, the use of vegetationweontrol
agents, "defolfation,” continues to receive an undue amount of publicity
that is generally critical. Protest groups have objectad to tha usa of
defoliants but appear to be most concerned with the war itsslf, that peopls i
ara being, killed with the unique methods that tend to incite‘ strong emotiomns, i
such as the uss of napalm, A mch smallar group, pradominancly sciencises,
has chosen to criticize the usa.of herbicides on "scisncific," economic,
and/or polictcal bases since the dafoliants do not kill or maim as conven-
cioval weapcona. The U.S. Government has not been insensitive to their
prenouncenants and justification for continustion of the RANCH HAND pro- -
gram has been reviewad pericdically, with the last evaluation (among _ ‘
othars) completed lace in 1968. The conclusions of each evaluatica
recognize that defoliacion has reduced the incidencs of ambushes, has
saved lives, and has disrupred VC/NVA tactics; the crop-denial efforets
have made subsiscence of ths enemy in the fiald more difficult and have e
adversaly affected his operations. Each evaluation group, in turn, . '

approved or recommended continued use of the vegstationecontrol systsm.
) -

e =t

8. -SCOPE OF OPERATTIONS IN VIETNAM ° . '

The number of acres sprayed yearly from 1962 through 1968 for defolla-
tion and crop deszructioun ara given in tha following tabulation hased on

* data furnished in MACV reports:

Acres Soraved , -

Year Defoliation Destruction Tocal

1962 © 4,940 741 5,681
1963 2,700 247 26,347
1964 - 83,468 10,374 93,842
1965 155,610 65,949 221,559
1966 741,247 101,517 842,764
1967 1,486,446 221,312 1,707,758
1968 1,267,110 63,726 1,310,835

This informacion serves to indicate the magnitude of che ovarall effort
and the increasing intansity of spray operations with time. Further, since
B03C requeats for spray oparations are submitted by field commanders, the
information {3 indicative of their recognition of the importance of the
program to the fighting troops. -
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" X, APFRAISAL

A. VIETNAM

"rh. fntroductioa of 3 vegetation-comtrol ecapability into the 'u'med
eonflict in Vietnam {3 uniqua in oodern warfare, in that the mathod does -
not kill, zaim, or otherwise harm peoplu nor destroy their buildings. 1In

 fulfillment of a defensive rola, defoliation in erirical areas has taken

tha {niciacive from che enemy for 2 favorita tactic, e.g. launching a
close~in, demoralizing, surprise attack, ther withdrawing bafora a
counterattack can be launched by the defenders. When the scrsening

. foliaga raquired for successfully mounting such an operatiom is reduced

or alimipated, the enemy is faced with the prospect of axposure. Deiolia-
tion of enemy lines of communication (roads, trails, vaterways, etc.),
staging areas, ‘and camps has exposad epemy. activities and tevealed or.hcr-
vise unseen targets. The enemy abandons trestad areas.

Offensive strikss againsc food- crops have deniad the enemy larze
quantities of food. VC/NVA dafectors report food shortages, hunger, disccn-
teat, and the requirement for more and more foraging partiss to ottain food
supplies. No question has been raised on the effecciveness of available
systems Lo destroy crop productivity. }bu-var, there have baen seriocus
questions regazding che sociological and palitizal imoacts of antifoad
operations, Efforts have been made to weijnh the sffects of crap destrue-
tion on the -enemy against the attitudes of tha Viatnamess, whose preduce
is taken by the VC/NVA croops, and the influence of pubue opinion at
heme and abroad is considered. No conclugive study has been accomplished,
and while tha subject {s still open for debate, anticrop operations have
continued in Vietnam whera many commanders are convinced of tha milicary

.vorth of the effort.

B. SYSTEM LIMITATIONS

It has been shoum that the vegetation-control systems {n Vietniam are
capable of producing militarily significant effects and that thesa systems
have earned a permanent plsce in military cperations. It i{s recognized,
howaver, that the systems currently in use have limititions that may be
eliminaced cnly by improvement of pearformance of che varfous ecuponents, °

1. Delivery Alrcraft

The UC~-123 atircraft currently In use has daveloped a remarkabls
tecord of raliability in Vistaca. During the period starting with the
Jazst 3 months {n 1965 through the first 8 months of 1968 tha UC-123's
flew almost 11,000 sorties and received nearly 2,000 hits from ground fire,
and only four of the aircraft were lost to enemy fire. In the Viatnam
conflice, the only opposicion has been from ground firs, whereas in a
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high-intensicy war, fighter aircraft and more sophiscicated antialreraft
misslles could be expected to sffectivaly counter slow, cargo-type alr-
crafet such as the UC-123. More versatile delivery systems and support

technologiea must necessarily be developed to provide for unrestricted . T
eaployment of vegetation-control agents.

(L |
- " .

. 2, Vegetation-Control Agents

The agent couponents of the current systems, on crop-control i
wissicns, have produced results as predicted because they were deaveloped P .
inicially for that purpose. In the defoliarion rola, the agents have : a
satisfied the objectives visualized at the time of their introduction
into Vietnam. FPURPLE and QRANGE disrupt the normal physiologic processes
of the sensitive plant system and defoliacion results even though the

affected plant may recover partially or completely. An extensive array of f -
broad~lsaved plants i3 killed by dosages adequate to cause defoliacion.
Intensive use of thase compounds in Vietnam demonstyates that some few

species appear to be imzuna from the effects of the. growtheregulator
chamicals, thus complete defoliation of mixad forast targets has not been :
sccomplished. Another limitatiom of these compounds is that oximm 1
defoliation 1is achieved slowly; peak in effects from use of ORANGE is . :
ahout 3 months, from use of WHITE, 5 months. A cheaical defoliant agent :
that wvill produce effects much more rapidly on all treated vegatation
1s desired. Agent BLUE functioms as a contact or desiccant chemical and
producas local effects {browning, shriveling, and necrosis). Since translo-
cation of the. chemieal from che poinl of concact is not ‘a2 requirement,
‘tha effects devalop mors rapilly than with ORANGL and WHITE. However,

" with some plant species regrowrh socon follows defoliaciom (30 to 60 days).

Frequent retreatment i3 required vhere BLUE is used and lang-term effects
are dasired.

——aymrte s me sl mAE ¥
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. Development of chemical vegetation-control agents is the responsibilicy

H of the Army and the work is accowplished in the Plant Seciences Laboratories,
Fort Detrick, Frederick, Maryland. The vork leading to development of
{oproved chemical agents was. initiated in 1961 and represents a modastc

" lavel of effort in the exploratory dsvelopment catsgory. The general
ocbjectives to be satisfied include: (1) develop a nonselective agent
capabla of causing rapid defoliation without destruction of valuable forest
spacies; (i1) devalop a nomnselective chemical agans capable of causing
defoliation and persistence of effacts for 1 year (or mors); and (iiil)

. T develop a nomselectiva agant capable of causing rapid defnlb.:lan with
cffec:s persisting for at least 6 to 9 months.

P Y L. LR X
.

Work on dalivery systems is the mponstbtu:y of the !.ndtvi.dunl
services So fulfill asaigned aisltona.
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