
UNCLASSIFIED

AD NUMBER

AD-360 646

CLASSIFICATION CHANGES

TO UNCLASSIFIED

FROM CONFIDENTIAL

AUTHORITY

DARPA via Ltr; Nov 20, 1980

/qg9 1o(0 a
THIS PAGE IS UNCLASSIFIED



UNCLASSIFIED

AD NUMBER

AD-360 646

NEW LIMITATION CHANGE
TO

DISTRIBUTION STATEMENT: A

Approved for public release; Distribution unlimited.

LIMITATION CODE: 1

FROM DISTRIBUTION STATEMENT: E

LIMITATION CODE: 4

AUTHORITY

DARPA via Ltr; Nov 20, 1980

THIS PAGE IS UNCLASSIFIED



411

A D. £QI

CLASSI1FICATION, CHANGED

TO:m NCLAS.SIFIE'D
FROM UNIETIAl -

AUTH ORI T r) 4 4:P9Z

UNCLASSIFIED

717 77 77- T-7-iil



THI REORT HAS 111EN DELIMITED

UNDOR ocD DtiECTIVE 52C0020 AND
No RESTRICTIONS ANE 1MP01E UPO

ITI USE AND DISCL4IUltE.

DISTRIMUION STATE?~NT A

APPRVED V4OU PLIC RELEASEJ

DIMTINUTION UNILIMITED,



UNClASSIFIED

~ci ~OCONUS Dk7.FLIATION TEST RGA

Semiannual1 Report

1 APRiIL to 30 SEFTrE1BR 1964

Avcsnsored

Advanced Research Projects Agency

~ Remote Area Conflict Office

ARPA Order No. 423

AVAZLA=T Copy W~t ?1TP M
M7 Y uaiM REPRODUC-ON.
R MHJT Duc r W 7 -L BE M A DE Jp

WOUM 3y'VS~ CW DDC.

U. S. Arumy Biological Laboratories

________Fort Detrick$ Naryland

GRK a...

V 152v itiwl



Reproduction of this publication in whole or
in part is prohibited except with permission
of Director Technical Information, Advanced
Research Projects Agen.7y, Washington, D.C.,
20301. However, DDC L: authorized to
re-Toduca the publication for U.S. Government
purposes.

DDC AVAIIABILITY NOTICES

Qualified requestors may obtain copies of tbis
publication from DDC.

Foreign announcement and dissemination of this
publication by DDC is not authorized.

Release or announcement to the public is not
authorized.



-NCLASSIFIED
SYNOPSIS Wt

(C) A tesi ,ro••an of aerial spray applications with Opurpl,% Rplnk"
and a group of 8 defoliants, desiccants, end herbicides was initiated :Ln
early April 1964 on two test sites on the Prmnburi Military Reservation to
evaluate effectiveness of these chemicals on a mixed forest of broadlef
evergreens and deciduous trees representative of Southeast Asian "getation,

(U) Applications were nade with a twin-engins Beocharaft (C-45) equipped
with a irps distribution qstem including a 2-foot boom with Tee Jet nosaoe
wndr wings and fuselage and an airdrivan pump. Duplicate 10-acre plots were
treated with each chemical mixture using three 100-ft. waths per plot flown
ata height of 30 to 50 ft. above treetops.

(U) 'P p and its component 2,h,54- butyl esters ("pin ) wer
applied at 3 to 5 deposit rates and volumes in applications of po chocal
or in mixture with diesel fuel in dry "awn (April-Ma) arid rainy seacon
(August-Septeeber) tests. A group of 8 other chemicals in water or'oil
solutions was applied at two rates each during the rainy sason (May4Ju.y).

(U) Evluations of vegetation response to chemical treatmnts were
made at periodic intervals by four methods: (1) changes in vertical visibility
by a photographic techniq•[j (2) changes in horisontal visibility by a target
obscuration technique; (3) overall'vegetation and speoias response as defoli-
atlon in rofererAe to an initial vegetation Inventory in each test plot; and
(14) chsanes recorded in vertical aerial photographs of tes. plots.

(U) Preliminary observations of defoliation response Indicate that%

(1) Appliation of 'purple" and "pink" gave defoliation superior
to that of other chemicals tested in observations made 4 months
after treatmnt.

(2) "Purple" at rates 'as low as 1,2 gallons/ace. gave effective
defoliation (70-85%) as evaluated 4 months after treatment.
Moderate defoliation (30.60%) occurred one month after treatment
with "pu•rPle at 2.5 to 3.5 gallons/acre ewing the rainy season.

(3) DIquat (14 lki/acre), cacodylic &acid'(? lbs/acre) and dic~am
si (7 lbs/acre) gave moderate defoliation reospwse (30-50%) me
month after treatment. Them were the only active dfoaUnts of
the group ttod
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UlNCIASSIFlEgl

A. Dl OUCTION (U)

() This report outlines progeas of a testing pragrop of chmical.
defoliants conducted in Thailand by the U. S. ArmW BioloCical Laboratories
at the request of the Advanced Research Projects Agency under Order No. 1423.

(C) Objective* of the test progrm are: (1) to determine minimal rites
and volumes of *purple, and component 2,4,5-T butyl *sters (npink') applied
at different seasons of the year for effective defoliation and control of
reprosentative egetation of Southeast Asia, and (2) to evaluate the effaet-
ivenels of other selaoted defoliants, desiccants and herbicides applied
singly or in combination mixtures at diffurent sessoms of the year on repro-
sentati•e vegetation of Southeast Asia.

(C) The test progrm is conducted in collaboration with the Kilitary
Research and Development Center of Thailand and its U. S. component, AUA
A & D Field Ukiit (Thail~and),

a. BACK•Oa _ (u)

(C) Test site locations were established at the Pranburi Military
Reservation with the assistance of M&W officials. Irrmagsments wer made
with govvenmteUl authorities to use the facilities of the Ministry of Comwl-
deation. Airport at !Rta lHln as a base of operation# for the t-An englan
Beechoraft used for test applications. S•ivey and preparations of two test
site@ were Initiated In August 1963. Lanes were cleared to mark boundaries
of a series of 10-acre test plots for a total of 1450 and 2000 acres of
treatients at the tvo test site locations.

0C) A twin engine Boock)craft. equipped with rvV distribution Vostes has
been provided by Air America, Inc. under a general contract with RAA Rt & D
Field Unlit (Thailand) unor 'ARPA Order 483. Th plane with full-time pilot
and aircraft maintenance service was made &ailable in late Deomber 1963.
An IntUainwis eries of static flow tests and flight calibrations we madea
from Jsnuft to March 1964 to seture suitable boom configurations for
deposit cl -'arious spray volumes and cheomoals.

(U) 2ýy 1 April 19(A&, the beginning of tho repc•rt period, test site
prseperati,,a and oquipmaet alibr&eions ware completed suffiocently that
treataw.,. and subsequent evaluations could be initiated.

C.TEST STE (U)

(C) Two test sitAs (designatod as No. I and No. 2) are located an the
zrva.bri !MilitWr Reservation at road dittances of approzlmiately 25 to 30

miles froml Hua'Hi Airport, used as a base of operational Mlhta.

2 !C SR
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1. Test sit NO.

(U) Test Site No. 1 occuipies a broad valley bordered at the west
aid partially at the east by precip.Itous mountain ranges which'rise 300) to
1500 feet in el1evation above the valley. The test site area to include a.
possible 1J400 acres of treatment plots is approxttets4 1 rail. wide, and 3
miles long. The vegetation cover consists essentially of a der"s Upland
forest of mixed broadleaf evergreen and deciduous tress rsngiW in height
from 30 to 12 0 feet.

(U) in structure, the vegetation on Teat Sit. No. 1 consists of a
2 or 3 storied 'orest with scattered large deciduous trees overtopping the
main caawf level. The upper canopy includes Dialium indun, Kocm~ssia

excstoent L.lAse -rtomaiun K~iloettia op.,
ezoelisa Mn~&adR1kr eanr.-7h rnia canopy is made uip'
ofbodef vrre species BMU~ii Dioampros monlis, ORooay,

~EbaG &C2 Streb US xoidea

E~n~ v=7g~r hos, p. and Kirn op. Strobl"~ tozoide-.ithOWW
levdsrbo &al-re is abmimnt- in the w;-i r itý E ý*d is-
penetrable thickets.

(U) Test Site No. 1 has beeau delineated into test plote by clearing
12 parallel access lanes oriented in an east-test. direction and approximately
1500 feet apart. These lamas provide, for demarcation of 120 possible treat-
sent plots 300 x 1500 ft. in dimension, oriented in a N-S direction separated
by 100 foot buffer stripe.

2. Tevt Site No. 2 (UI)

(C) This test site occupies the area contiguous to the road leAding
northwest from Pranburi Militar7 Reservation to the artillery range. Terrain
Is mostly level but is bounded on northwest corner by a saall range of hills.

(U) The area is chýAracterised by a geood-gproth upland, crb
forest with scattered remnants of the rigirea3 stnd of deciduous and broad-
leaf evVereen trees.

(U) Vegetation in Test Site No., 2 consists principally of wall.
troee an large thicket-type shrubs such as Streblus codsf Mo I loup.#
Witrms op* Orvi op., Atalantia . A~la D ofs po , Ola. b hiata.

and ~ ~ ' op* ScatTz~a large are of eisr%
Indum and iflicifolius overtop the g-oner *F-Sad AUte

(U) Access lanes to test plots have been cleared parallel or at
right angles to the principal road ini Uavt aju.v. Ap4*pTriat*17 640 1.-acre
plots are arallable in the portion of Test Site No. 2 mwva svey d. Addition-.
al areas have been allocated for test piuposete for a possible 2000,acres of

UNCL AP.SIHED
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CONFIDENTIAL

(U) Approximately 170 plant species have been identified from the
two texst sites. A preliminary list of species is included in the appendix.

D. CiUBRATION AND MODT7TCATrON OF ATRCPAFT SPRAY DISTRIBUTION SYSTN (U)

() During the precedin& quarter (January-March) flight calibrations
wt? sad on grids located at the Hue Hin Airport and the Pranburi Military
Reseration using diesel oil and "purple" or "pink" and diesel fuel mixtures.
Ephate was ,given to securing a uniform spray deposit over an approxismte
100 ft. mwath. At the close of the preliminary; calibration period on 31
March 1964-aitable deposition patterns we scured by employing 150 flap#
during application in flights made 50 to, 75 feet above tree top height at air
r;e*de of 100 knots.

(U) Experience gained from several treatment applications indicated that
the technique of employing 150 flaps during spray applications was unsuitabie
because of flying hatarde over test site terrain and the dmage by applied
chericals on the flap and wing surfaces of the aircraft.

(U) Further modifications of the boom system to secure suitable deposi-
tion patterns were conducted under the direction of Ceorge A. Roth, consultant,
during the period 25 April to 12 May. These consisted of lowering thoebom to
reduce air stream effect from the air-driven pump and installation of nozles
wider the fuselage to eliminate the biwndal deposit pa.tern secured with nossle
configuration on wing boom only. The booms were shortened to a total length
of 32 feet includIng the under-fuselage section. Attachment of the boom was
at a distance of 23 inches below the fuselage and 16 inches at the ends of
the booms.

(U) Nozzle configurations developed in the calibration tests which provide
suitable deposit rates of 1.0, 2.0, and 3.0 gallons ker acre of purpl and
other mixtures in 100-ft. swaths are given in the accompanying chart (p. 5 ).
0oules are spaced at 6-inch intervals except for 5 nozzle *n either side of

the fuselage center-line which are "ced at 3-inch intervals. Ning nozzle
positions on either side of the center-line are fitted for placement at a h5
angle to the rear; the remaiing no::l 'a are positioned horisotally or pars-
nlel to the wing surface.

(U) A spray distribution pattern showing desirable trapezoidal char.ct* r-
istics secured with the apeoified nozle configurations ti illustrated in
Figure 1. A deposit rate of 2.0 gals/acre for a 100-fM. swath is indicated.

(U) Flight calibration tests have been conducted concurrently with plot
treatment applications to confirm actual deposition rates for the various
rates and volumes employed in scheduled treatments. Supplemental calibration
tests with dieI A-,1 and .nurpladieeel fuel mixtures were conducted to
obtain additional deposition pattern and rate data for various nozzle can-
figurations. It was necessary to conduct test applications of most of the
chemical mixtures other than "purples and pink without prior calibration

CONFIDENTIAL
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tests due to the limitations in supplies of these n•i•rlals. Iuslerpolatione
of noszze winfigurations to obta4.n desired deposition rates of water solutions
or defoliants and desiccants were made from previous data secured with diesel
fuel & pur-ple-diesel oil mixtures. At least one single and/or a triple flight
was made on the calibration grid to secure deposition data at the time of all
test applications.

(U) DuPont oil soluble red was used in diesel fuel mixtures and rhodmine
blue in watar solutions to secure colbrimetric data on spray deposit rates on
the calibration grid. Spray deposit patterns were obtained by the wet-plate
aostons wash and apectrophotometric techaiqua with grid station intervals of
10 feet, Calibration tests were continued to establish and verify suitable
noszle configurations to obtain depocition rates of 1, 2, and 3 gallona/o-ze
of purple and pink and 1:1 dilutions with fuel oil. Deposition rates of
these mixtures ranged from 75-85% of delivered volumes as sLown by the c -li.
bration data.

(U) Calibration tests with water-soluble chemicals such as diquat and
cacodylic acid showed approximately 50% of delivered volumes wert recovered
on the grid sampling stations. The greater rate or evaporation of water and
consequent loss or mall droplets accounts in large measure for the lower
recovery rates with water solutions in ,ontrast to that of the highly viscous
"purplae or "pink" or diesel fuel mixtures with the latter chemicals.

(11) Calibration tests with diquat using aluminum plates showed highly
variable results which were traced to reaction of the chemical on aluminum
plates. Stainless steel plates were found to be superior in yielding repeat-
able results. Several sets of stainless steel plates were obtained for
subsequent calibration tests. Grid lines have been replaced and romumbered
facilitating more accurate evaluation of results.

E. M?1E0ROLO0jICAL OBSr2WATIONS (U)

(C) Meteorological data have been secured at the calibration grid on the
Pranburi Military Reservation and at temporary stations located in proximity
to treated plot'! .- t0 test sites.

(U) A portable 50-ft. telescoping tower stationed at the calibration
grid is used to obtain the following data:

Wind speed and direction at 50 rt. height
Air temperature at )3 ft. and at 50 ft. height to

determine inversion conditions
Relative humidity at 4 ft. height
Daily precipitation.

(U) Supplemntal data on wind direction and velocity and precipitation
are obtained at temporary meteorological stations established on access lams
in proximity to plots to be troated within a I- to 2-Aveek interval. These
data prorve information on actual conditions on the treatment plot at tto
time of application.

7
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F, TEST PWAT PREARATION AMD MAIN'T :NANCE U)

(U) Work has contliued during the 6-month period in establishing aiocess
lanes to treatment plots and camera station trails for evaluation. This
work has employed a supervisor and 10-12 laborers in each of the te-et sites.
Cutting of lanes and camera station trails has been essentially completed
as of 30 September l964. However, crews will be needed to maintain lanes
and trails, to replace plot markers and camera site stakes and to install
plot-parking flags as needed for treatment application.

(U) Figure 2 shows a diagram of typical plot layout between two access
lanes 1500 ft. apart. The treatment plot is 300 ft. wide and 1500 ft. long
allowing Zor three contiguous 100-ft. swaths 15OO ft. in length as indicated
by the flight paths on the diagram. Camera station trails are established
within the central 100 ft. swath to be treated in each plot. Camera station
No. 1 is located 500 ft. from the access lare and a series of six stations
established at 100 ft. intervals on an arinuth of 0200 for 300 feet. The
portion of the treatment plot selected for evaluation is within the central
500 ft. of plot length and the central 100 ft. of plot width to mini-ise
effects of possible drift from adjacent plots.

G. TEST APPLICATIONS (U)

(U) Test applications of a group of rates and volumes of "purple" and
"pink" were initiated on 2 April 1964. Intended rates of application in-
cluded 1, 2, and 3 gallons/acre of "purple" and 1.5 gallons/acre of "pink"
corresponding to the 2,4,5-T ester equivalent in the 3 gallon/acre rate of
"purple". Dilutions with diesel fuel were made to test efficiency of low
rates of the two chemicals.

(U) Test applicaLlon data for this series of tests conducted in April
and May and again in August-September are shown in Table 1., Applications
were made on replicate 10-acre plots on Test Site No. 1 from April to 20
August. From 27 August to the end of September single replicates of each
treatment were applied in each of the two test sites.

(U) Starting on 1? May 1964, a series of two rates for each of 8
selected defoliants, desiccants and herbicides was applied on replicate
plots. Table 2 presents application data for this series conducted during
the rainy season from iid May to 4 August. Attempted volume of spray
deposit was 3 gallons per acre.

(U) Applications were mide during early morning hours under inversion
conditions to secure maximum rates of spray deposit of delivered chemical
mixtures. One or two spray operators accompanied the pilot on all spray
applications to secure data on delivered volume as determined by sight
gauges on the hopper tank and to operate the spray control and pressure-
regulating valves during flights.

8
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CONFIDENTIAL

(U) The numbers of treatment applications made monthly were as follows:

April 7 July 8
May 6 August 7
.une 3 September 7

Total: 38

H. VEGETATION INVEMORY (U)

(C) Prior to treatment each plot is inventoried by a crew of two 'r more
Thai fre-estars from the vegetation teams under the direction of Lt. Col.
Scheible's Environmental Research Group. Individual trees are code-numbered
by species along a 20- to 50-foot wide strip bordering the %0 ft. camera
station trail between Stations 1 and 6. Records are made .f the number of
individuals and their relative position left or right of the camera station
trail in each 100-foot segment of the 500 ft. belt. An attempt is made to
mr.rk a minimum of 5 to 10 Individuals of all species encountered,

(U) In addition, location maps are made of all species in a circular

plot of 30-foot radius at each of the six camera stations in each treatment
plot.

(C) Herbarium collections have been made of all species encountered and
identifications furnished by Mr. Tem Smitinand, Forest Botanist or the Royal
Forestry Department. A preliminary list of woody plants on the two test sites
is included in the appendix. Approximately 170 species of plants have been
inventoried of which 35 to 50 are encountered frequently on the plot tallies.

(U) 11me 500-ft. belt with inventoried species is used in the evaluation

of species response as described later in this report.

I. EVALUATICU (U)

(U) Four methods of evaluation are being used to measure the effective-
ness of test applications according to regular schedule,.

1. Verticalphotography (U)

(U) Improvewent in vertical visiility is measured photographioally at
6 camera stations in each treatment plot. Shutter exposures are chosen so
that the sky is rendered dense black in the exposed negative while the forest
cover is drastically underexposed, thus producing a silhouette of foliage and
branch detail. Measurement of light transmittance through the negatives by
means of a photoelectric cell with readings before and after treatment
furnishes comparative data on vertical visibility changum blwul on cigrl-al
conditions,

CONFIDENTIAL
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(U) Two phot oIrapher* worklrm 5 to 6 cims per week can Photograph 30

to 35 plots per week. Negatives are shipped to Fort Detrick for evaliationr

by the photoelectric instrument or IdefoliCmeter". The instrument is

currently undergoing slight modification to permit greater accuracy under

minimal livht conditions. Data are not currently available for eummari-

zation.

(U) -Schedule of evaluation by this technique is as followsi

Before treatment 1 month after treatment

2days after treatment 2 months after treatment

Sdays after treatment 3 months after treatment

1 week after treatment 4 months after treatment

2 weeks after treatment 5 months after treatment

I weeks after treatment 6 months after treatment
"12 months after trea+tnt e..

2. Horizontal visibility (U)

(U) This technique involves measurement of horizmftal line-of-aight

visibility on 8 lines radiating from one central point in each treatment

plot. The target consists of a pole with three white discs (each with 25

dots) placed at 0.5, 1.2, and 1.9 meters above the ground. The target is

moved out on each of 8 azimuth times and readings of thb number of dote

visible taken at distances of 5, 10, 15, 20, 25 and 30 "eters fram a central

station by means of binoculars. Each of the 25 dots per disc is given a 4%

value for a total of 100% visibility and data averaged for each distance

from the 8 lines.

(U) A 4-man team of local workers has been evaluating 25 plots per week

under the supervision of a locally employed Filipino with an U.S. degree in

Agronoeq.

(U) Readings are taken at l-, 2- and 3-week and at monthly intervals

following treatment.

3. e-tation Evaluaion- (U)

(U) Plant response records are taken on the vegetation inventory belts

on the 500-ft. trail between camera Stations in each plot. Data obtained

consist of estimates of overall and individual species defoliation and

chlorosis and eventual regrowth. ,Other important observations are uade re-

garding plot layout, camera station position in relation to treatment area

and possible spray drift or mis&pplication.

(,h) value of the vertical and horizontal visibility methods mW

depend much on records and interpolations obtained by visual oVt±i2-

(U) A schedule of observations similar to that of vertical photo-

graphy is followed.

10
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(U) Table 3 presents preliminary evaluAtion data aacur•d by thi-n c-.d

as discussed under Results.

,. Aerial Photography (U)

(U) Aerial photographs of test plots and test sites have Ltn secured
by means of a 35 mm camera mounted outside the door of the spray plane,
facilitating vertical photography of plot areas. Both black-and-white and
color photographs have been taken of selected treatments at frequent
intervals.

J. RtULTS OF TEST APPLICATIOS (U)

(U) Preliminary data on overall vegetation response to treatment are
she-n in Table 3. Data are given in % defoliation oc two d-Aplicate, plots
for each treatment. A total of 38 treatments was made during this period.
Results of two treatments will be included in a later report.

(H) Data at 4 months after dr7 season treatment with "purple" and "pW:w
show effective defoliation (70-85%) with "purple" at rates as low as 1.2
gallons/acre and of the compohent 2,4,5-T esters "pink" at 1.6 gallons/acre
or as low as 0.8 gal/acre in a total volume of 2.5 gals/acre.

(U) Results after 1 month from rainy season applications of "purple"
show moderate defoliation at 2.5 to 3.0, gallons per acre. Responses from
"pink" were not as effective as "purple" in this period.

(U) Of the group of defoliants, desiccants and herbicides tested during
Kay to July, diquat, cacocdflic acid and dicamba amine showed moderate
defoliation at 1 or 2 months following treatment. Evaluations taken at the
2- and 4-month intervals for diquat and cacodylic acid showed tuat regrowth
had occurred following the initial defoliation effect.

(U) Butyrni diol, tributyl phosphate, endothal .salt, and merphos wre
not effective under the rates or conditions of the tests. The application
with endothal acid can not be readily evaluated as'a suitable cosolvent
for the acid was not available at the time applications were made. Another
test with proper formulation is planned.

11
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TABLE 1- (FOOTNOTES)

1/Ced.temCal mamas for, Design~ated Materialst

PPL:Mixture 0 0 nsisting of 50% N-Butyl Ester of 2,4-Dichloro-

phenoxyacetic acid, 30% N-Ilutyl Eater of 2,J*,5-Trichlolo-

phenoxiacetiO acid, and 'f0% ILO-qutyj Ester of 2, 9415-

Trichloropheflo3Wacetic acid.

PINK: Mixture consisting~ of 60% N-ThityJ3. Ester a-%d 40O% iso-But73

___ Ester of 2 ,li,5-Tr~ichloroph7M0XYaceti* acid.

DThOXott coiiercii1. formrulationl confliatir-4 of 31.6% Butoxr Etbwmo1

Ester of 2,4-Dichlorophfloxy4entic acid #nd 30.3% ButoXY

Ethanol Ester of 2,4,5-Trichlorophe sysetic acid.

Deposit rate expresses as volumue (Gals/Aol.) of toala exter.

.2/ Deposit rate expressed in to~Al acid content or- acid equivalent inn

L~bs/Acre based on followinig acid equivalents:

Purple - 8.5 Lbs/Gallon

Pink - 8.9 Lbs/Gallon

Dinoxol b I.0 Lbs/Gallon

14'
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TABLE 2. (FCOTNCYTE)

Cbemical Ni'eAe for Deaignated Compounds Ut as &8oIrol~a

%.tynedi ol

2_Putyne-1,Ia-Diol;, 95% active ir~gr.diefft.

Diquat
1:1' Ettylenet_-.'21 d~jyridylium cation; 2 lb.. active
ingredient (catips.) per gallon.

Cacodylic AcId
Di Xi. r.isinic Acia: 65% active inigredient.

fributyl P'hosphate
Tributyl Pnosphate'; 05N active ingresdient.

Endothal Acid
}..6..EuoxohexAhydrophthaL~it Acid; i0D% attivo ingredient.

Endothal Salt
Dioiu--6baxoeahdop. io MAAt; 1.8 lbs. active
iirvredient per gallon.,

Dicamba Amine
Dimetkt3 ;UIine Salt of 2-IJe' .iox73,6-4icIhorobenzc' -

6 lbe. acid equival~nt per ga' iof.

V'erphos
TrIbuty). Pho sphorotrit~hi ; 7.2 lbs. &cf- irgredienlt per
gallon.
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APP•iDIX A

(U) Personnel from the U. 3. Army Biological Labratories and their
t.ak duties on the rroject, during the report period includedt

Dr. Robert A. LDarrow, (6S-4 1. April - 12 May

P'~oject Leader, calibration, plot preparation
evaluation.

Dr. George U. Truchelut, GS-12 1 April - 23 Mar
Asst. Project Lead&,r, calibration, test

applization, evaluation.

Mr. Robert M. King, GS-9 1 April - 15 April
Taxonomist, vegetation inventory.

Mr. George A. Roth, Consultant 25 April - 13 May

Calibration, modification of spray distribution
sy item.

Dr. Stevo S3 Szabo, r6-12 23 May - 12 September

ActinR Project Leader, calibration, test
application, evaluation.

I/Lt. Charle3 M. Bartlett 1 April - 16 June

Plot preparation, c.alibration, test application,
evaluation.

SP-4 Walter J. Hart I April - 2 May

Calibration, metierologI cal observation, plot
preparation.

?fc. Mlenn E. Trumble 1 April - 27 August
Calibration, plot preparation, test applications

evaluation.

l/Lt. Loyd M. Wax 1 July - 30 September
A-tiant arid actinv pr.Ject leader, 'calibration,

test application, plot preparation, evaluationm

Pfc. Arnold Hungerford 7 July - 30 September
Ca•ibration, =eteorological observations, test

application, plot preparation, evaluation.
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M¶ILDlITNART LITr OF~ PLAR PET ON TEST SITES 1 AND 2'

WOODY PLANTS

Acacia sp. Leguminosaa

Actyranthe p Am I ANranthaceai

Acrotychia pedunculat~a Rutaceae

Act,ýphliAa p. FEuphorbiaceas

kfzelia 3WI ocarpA Leguminos~a

Albizzia sp. Logwainosae

Alsom~itra sp.

Aritidemua sp. tophiorbiaceas

Aphania ap. Sapirhdaceae

Artahotryas p. Annonaceae

Artocarpus sp. Noraceas

Atalantia monoph~ylla Rutaceae

AtAlantia roxburghiaxla Rutaceae

Atalantia op. Rutaceas

Azadirachta jindica mesiaoas

Bambilea arundirni-Lua Gramine"t

Bambusa op. Gramineae

Bauhinia op. LeguimarosO

Rauhinia .7. Leguminosa.

Rvibinia op. Legmzizvisae

BO~,&L jn~~fl '.Alvaceae

Pridelta mownoica Euphorbiaceal



7-1-1clia- --Ln~erois Euphorbiaceae

Buchanania ap. (Glabra) Aaacardiaceas

Buxua wal-lichiana Ruxaceas

Caesalpirda op. (22) Leguminousa

Caesalpinim sp. (23) Leguridnosae

Canangium lati foJlia Annonaceae

(uCana~nga')

Capparlo macrcopoda Capparldaceae

Capparis thorelit Capparid~aceae

Capprist sp. Capparidaceas

Caaearia grewiifolia Flaco'urtiaceas

Ceala op. Legunainosa.

Celastrua ap. Celautraceas

Celtis sp. 7Ulmaceas

Cissus cf. diocc2.cr Vitateac

Cleistanthuas p. Euphorbiaceae

Com;)return procururim Coinbretaceae

Combre tum quadrangyulare Conabretaceae

Connarizo sp. Cormaracese

Cordia sp. Boraginacoas

C~ratoxyiwa op. Hyper-lecec3a

Croton up. (33) Ruphorblace~ae

Crotor. ap. (58) Euphorbiaceas

Dalbergia nigrescens Legurninosas

Derria sp. Legurnino~aa

Dia~lium nadum Legunairoasa



Diomwvro- husifo~lia Ebenaceae

oit'~spyxos mollis Ebcflaceae

Dia spyros montana Ebenaceiie

toiospyras rhodocalyx Ebenaceae

Diospyros sp (38) Ebe~naceae

Diospyros sp. (39.) ulaLc

DL,,spyr'os sp. (40) Ebenaccac

1)1)Ž~r,,p*. (43) Ebenac~~ae

D~rypeL(.S Sp. Euphorbiaccac

Pihretian iat'vis, Boraginaceae

Ery~throxylumu cuncatum Erythroxylaceae

Erythrina sp. Leguminosaae

r.uiOnymub ap. (31) Celastriaceae

Euonymus sp. (107) Celastraceae

Ewnmss.(144) Celastraceae

huof~mus sp. (146) Celastraccae

aizphortifA trigona Euphorbiaceae

Ficus altissima Moraccae

I-! :Li. globriI [a Moraceae

Ficus Hispida Moraceae

Ficus maclellandii Moraceac

Ficus sp. (45) Moraceae

F1.tUurtia r'nkam Flacourtiaceae

Gardenia collin-sne Rubiaceae

Gairuga pinnazta Rub~icea,-



celor.itim muli~ florum Euphorbiaceae

Glycosflis penstaphylla 
Rutaceae

Grewiz sP. (35) Tiliaceae

Giewia sp.. (50), Tiliaccae

llarrisofl]a periuraLi 
-Simaroubaceae

Hiptage nar~ginaca 
Malpighniaceae

koloptelea integrifolia 
Ulmaceae

Hoya obcordata 
Asclepiadaceae

HydnocarpUS ilicifOlius Flacourtiacefle

Hymecnocardia sp. Euphorbiaceaie

Hymenodicty~fl excelsum 
Rubiaceac

Hymenopyramis brachiata 
Verbonaceae

jasrninwn Sp. 
oleaceae

Kaernpieria sp.

1Koompa.ssia excelsa Moraceae

Lagerstroemia balaru'ae 
Lythrauv'ae

Lagcrstroeulia loudonii 
Lythraceae

LepioflUrUS sp. opiliaceae

Litseil Sp. .Lauraceae,

Luvtunga scanderis

Hallotus sP. Euphorbiaceae

Manilkara hexandra 
Sapotatce Iae

M4elia azed'arach Meliaceae

MJemecylon floribufldum 
Rutace8e

.Mem¶ery Ion sp. MelastoulacCeg

Micromeluci hirsutum Rutaccae

4



1POP

Miliusa levtutifla Annonaceae

Millettiaa sp. Leguminosaa

Mrr~agyna brunonis Rubiaceae

Mitrephora sp.

Ni~buhrid biamen~1s Capoaridaceae

Olea braclhiata Ole~ceae

Opilia sp. Opiliaceae

Ovaria sp.. Annonaceae

PachygonLe dasycarpa

Pakia javanica

Pentace sp. (or Grewia~sp.) Tiliaceate

Phyllanthus sp. (78) Euphorbiaceae

Phyllanth .us sp. (101) Euphorbiaceae

Phyllanthus sp. (137) Euphorbiaceae

Phyllanthus sp. (154) Euphorbiaceae

Polyalthia op. Annonaceae

Pterospenfluml divarsifoliunt Sterculiaceae

Randia sp. (159) Rubjaceae

Rirndia sp. (160) Rubiaceae

Rhaphis micrant~ha Palmae

Rinorea op. (Alsodein) Violaceae

Sapium insigne Euphorbiaceae

Sauropus Euphorbiaceae

Schyphellanda pienei. Violaceae

Semecarpus so. Anacardiaceae

Sindor.ý uakl,4na Leguminomae
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Sphenodesma sp. 
Verbeflacoae

Sportdias pinnata 
Anacardiaceae

Stem~fo ~p.Steiuonftceae,

Ste-rculia foetida 
Sterculiaceae

Sterculia sp. (8 9) 
Sterculiaceae

Sterculia sp. (118) SterculiaCZle

Stereosperlu~m 5P- 
Bignoniaceae

Streblus asper 
Utcca

streblus~toxojdes -
Urticacefte

Strychnos sP. 
Lgni.Q

Symplocos sp. (2)SymplocaeCac

'SymplocOS sp. (135) SymploCCaces

Syzygiumi cumifli 
myrtaceae

Tarerifa sp. (Longif~ulia) 
Rnbiac.2ae

Termi.ialia triptc-roid 
Combretaceae

Termilali ap.Coambretaceae

Terraea sp. -ics

Tetrameles nudiflora 
Datiscaceae

Tetrastigma 5p. 
Rubiaceae

VertiiagO calyculkita 
Rhamfaceae

Vitex liiionifolia 
Verbeflaceae

i!L.- pierrei 
Verbenacefte

Vitex p*.nnata 
Verbenaceae

Vitcx quiziata 
Verbenaceae

Waistira trichosteflof 
Meliaceae

Xanthophyllum sP. 
Rutacege
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Wrightia toit'cntosa Apocyflaceae

V 'y phu s ~:o a'Rihamnaceae

Unknown (1)EuphorbiaC~ese

unknown (68)

Unknown (139))

Unknown (149) Animotaceae

Unknown (150) Annonaceae

Unknn¶.m (165) Acanthaceae
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GRASSES AN4D NONWOODY PIANTS

A,;laeonema sp. Araceae

Digitaria sp. Gramineae

Eupatorium odcratum Corpositae

Fimbristyli2 gwi Cyperaceae

ZImperata cylindrica Gramineae t
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