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IN THCDU C TIOM

An urgent need has been recognized by the Department of Defense, 

fos/a chemical agent which will cause rapid defoliation of native or crop, 

vegetation when applied at minimal dosages* The recent limited testing 

and use of high-volatile esters of 2Jli-D,and 2,ii,5-T as interim defoliation
i

agents in South Vietnam have emphasised the possibilities of such a method 

for increasing horizontal and vertical visibility in heavy vegetational 

cover so as to permit observations of enemy troops and material*

(U) Defoliation agents are growth-regulating chemicals which induce 

premature leaf-fall when - applied to plants. They differ from systemic or 

contact herbicides in that death of the plant does not recessarily accompany 

defoliation. Normal defoliation of plants results from the formation of an 

abscission layer or shear zone at the base of the leaf blade or petiole, 

under the control of a hormonal mechanism. The ideal defoliation agent is 

then a hormone or growth-regulant chemical which induces rapid abscission. 

Other chemicals known as desiccants may cause death of foliage by dehydration 

or desiccation without accompanying leaf fall.

(U) Research activities in the development of chemical agents for use 

as anticrop herbicides and defoliants have been the responsibility of'the 

Crops Division of the U. S. Army Biological Laboratories. The accompanying 

plan of research points up the immediate and long range program proposed 

by the Crops Division in the development of a suitable defoliation agent
4 *

and system for distribution under military use. Detailed information and 

budgetary requirements are furnished only for research proposed by the 

Crops Division; general requirements for systems development to be carried 

out by the Munitions Divisions and other agencies are indicated.



Previous Research of Crops Division

(U) A sustained program of investigations by tbs Crops Division of the 

U. S. Army Biological Laboratories at Fort (Camp) Detrick has led to the 

discovery and development of a vide array of growth-regulating chemicals 

for use as anticrop agents. In the period from World War H  to 1957, 

especial emphasis was given to anticrop agents and to aerial methods for 

lcr.:-volume application. Kore mhar. 15,ODD chemicals were screened for 

their phytotoric activity in this period. (See Appendix A ior list of 

speotsl reports and published parers of the Chemical Branch, Crops Division,

19i;5-57).

Butyl esters of 2,1*-D and 2,h,5-T were selected as anticrop agents 

because of their extreme phytotoxicity at low rates and their specific action 

of broadleaf crops and vegetation. In 1958, cacodylic acid (CA) was report­

ed to be effective in preventing maturity of rice when applied at Tates of

0.25 lb/A; at higher -rates (5 to 10 lb/A), CA was effective in desiccation 

of most kinds of vegetation (1 ).

In 1958, 2',U,5-T and a mixture, "purple“ of 2,b-D and 2,b,5-T esters 

were 'sprayed aerially for forest vegetation control at Camp Drum, New Tork. 

Rates of approximately 1 gallon per acre were effective in defoliation 'and 

control of most hardwood species in these tests. Due to subsequent cur­

tailment of funds, no further defoliation studies were made until 1961.

(Ep In early FI 1962, an in-house screening program of defoliation 

agents was initiated and a synthesis contract was negotiated with the H 2- 

inois Geological Survey for synthesis of fluorinated compounds. By late 

1961 and 1962 additional funds were provided for interim tests and super­

vision of operational applications of herbicides for defoliation in South 

Vietnam by Dr. J. W. 3rown (2)^ for modification of aircraft equipment
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(3 and for an expansion of the contract research program for synthesis 

of chemicals as possible defoliant agents..

Evaluations of tests and operational applications of interim defoliants 

in South Vietnam were made in February, 1962 by Brown (6), by a 5-man eval­

uation team headed by General Fred Delmore, Commanding General, U. S. Army*<
CBR Agency, in April, 1962 (7), and in August .and September 1962 by'Delmore 

and Kinariic (8)«

(U) Scone of Present Research Program in- Defoliation of Crons Division .

1. (U) Synthesis and screening of new chemicals for defoliants under

contract research.

Contracts funded during FT 1962 include:

Fennsalt Chemical Corporation, 1 year contract for synthesizing

and screening approximately 1,000 compounds $h6U ,000

Ethyl Corporation, 6 month contract for synthesis and 

screening 300 compounds $66,000

‘ Ansul Chemical Corporation, ! year contract for synthesis 

of arsenic-organic compounds $U5,000

Illinois Geological Survey, 1 year contract for synthesis , 

of fluorine-containing compounds $20,000

' BioSearch and Development Company, 1 year contract for 

screening submitted chemicals on 6 woody species $38,000

Negotiations -are underway for an additional* contract for the 

synthesis of defoliants /by Honsanto Chemical Corporation for approximately 

$500,000 to be funded in FT 1963.

\\
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2* (U) Contracts for fundamental research

University of California at Davis (Dr. Addicott), continuing con­

tract for the_ isolation and characterization of abscisin, a natural‘plant 

hormone causing abscission* $30,000

3* (U) In-house screening and field testing program

All chemicals received under synthesis contracts and the ILO program 

undergo a primary screening for anti crop activity# Active compounds are then 

subjected to defoliation screening on bean plants and on six woody species 

under greenhouse conditions*

Field tests have been made by injection applications into tree 

trunks at Fort Ritchie; field plantings of nursery stock have been made for 

subsequent field tests*

2i* (U) South Vietnam program

Dr* D.* S* Minarik, Chief, and Dr# J* W. Brown, Deputy Chief, Crops 

Division, have each spent several months in South Vietnam in supervision and 

evaluation of operational and test applications of defoliants (2,6,7,8)*

5. (U) Aircraft equipment modification

Calibration tests of the C-123 and HTDAL equipment were conducted 

at Eglia A*F*B* in Florida in June 1962; a second calibration series has 

been scheduled for November 1962 (3jk,£)#

PROPOSED PROGRAM

Objective
\
Primary 1

1* (U) To determine effective chemical agents which will cause

rapid defoliation of vegetation

2* (U) To develop appropriate distribution systems for chemical

-efoliant agents*

h



Corollary

3. (U) To determine effeiv:ive dose rates, volumes and conditions

for application of selected agents in various vegetational types#

li, (U) To determine ecological and physiological conditions affect- 

defoliation of various kinds of. plants by selected agents#

'$• (U) To assemble background information on the vegetational

composition and ecological conditions of various vegetational and crop areas 

of the world pertinent to effective use of selected defoliants#

Program Phases

(U) The proposed plan outlines research operations and personnel and 

budgetary requirements for these time-periods; (A) Immediate (January 1963 

to July 1963); (B) Intermediate (January 19^3-July 196U); (C) Long-range 

(1961-1968) •

Budgetary requirements, unless otherwise specified, are for total 

research program including currently budgeted funds#

A. Immediate (January 1903-July 1963) •

Research program

1# ÆçlField testing of interim defoliant agents in Thailand,

/ A testing and evaluation team should be assembled not later 

than 1 April 1963 for defoliation tests with available chemicals in Thailand 

in vegetation types comparable to those of South Vietnam. The team would be 

headed by a military officer and consist of 5 civilian technicians and a 

compliment of Thai and U.S. military personnel.

&A The team would conduct applications of defoliants with 

C-123, H-3kÇ AO-6 and other available aircraft, evaluate plant response and 

make necessary modifications of aircraft and ground distribution equipment.

t
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Interim defoliant chemicals available' for the Thailand test­

ing progr^n are as follows:

Recommended

1. Combinations of butyl esters of 2,J;-D and 2,2t,j?-T

2, . 2,2;,5,-T ester
• * <

3* Cacodylic acid
I

Additional suggested, chemicals,

h. 2,3,6,-TBA

(U) Commercial formulations contain 2 or U lb/gal.; cost 

approximately $5.00 per pound« Suggested rate U to 6 lb/A/

$• C&) Dinitro or pentachlorophenol

Dinltros available under trademark Dow General, Sinox 

General, etc« Primarily contact or desiccant herbicides, to be used in 

mixtures with diesel fuel at rates of 1-2 quarts dinitro per 5 to 10 gallons 

of oil and 1-lJ gallons pentachlorophenol per 3 to 6 gallons of solution. 

Costs $2-lrper gal«

6. ^! Ammate
For heaTy-rate- applications in ground equipment using high 

volumes of water. 1 lb/gal and 200 to 1̂ 00 gals/A. Not suitable for aerial 

application. Cost about $0.30 per pound. Corrosive to equipment.

7. (TJ) Endothal

An effective cotton defoliant, not thoroughly evaluated on
\

'4 m

woody plants; used at 1-2 gals/A in 5-10 gals of water for crop plant defol- 

iation. Other cotton defoliants include DEF (S,S,S-tibutylphosphorothioata) 

and K3LZX (tributyl phosphorotrithioite) which are applied at rates of 1-2 

quarts in 5 to 10 gallons of water. *
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8. (U) Diquat

An extremely active chemical with good defoliant and 

desiccant activity. Of limited availability; available in experimental 

quantities from California Chemical Company.

2. (U) In-house screening an „ field evaluation (
Greenhouse screening program will be expanded with the addition of 

a screening supervisor and' technician.

Screening tests will be initiated on field plantings of nursery stock.

Field tests with grounc and aerial equipment with selected agents 

will be conducted at Fort Ritchie, Camp Drum and other locations.

■ i

3. (U) Contract synthesis

Existing contracts will be continue^* negotiations will be completed 

for yearly synthesis of 300 additional compounds.

Renewed contracts will * incorporate screening tests, on selected 

woody species.

Additional personnel will be designated to monitor synthesis con- * 

tracji. and to develop effective information retrieval system for handling
J

chemical and plant response data.

lu C&) In-house basic research

Fundamental studies of mechanism of abscission and of mode of 

action of defoliant agents will be initiated by two new plant physiologists. 

Personnel
J

1. (U) Current* civilian personnel assigned to the chemical defoliation 

program include Dr. J. W. Brown, Deputy Chief; Dr. R. A. Darrcw, GS-lh,

Chemical Branch; 1. W. Boyer, GS-H. Military personnel induce, Lts. 

Bird, Quit ell, Bertram and Francis and enlisted men, Frank, Buschmann ana

7
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Ko m e  week.

2. (C) Testing and evaluation tea- Tor Thailand

2 agronomists or plant physiologists, G S - H  and 9 

2 agricultural or aeronautical engineers, -GS-H

1 botanist or. taxonomist familiar with tropical vegetation, GS-9 or 11

'i Budget Recuixements . ‘

• Budget requirements in excess of funds already allocated for FT 1963 
;

§

are as follows:

In-house screening, field testing and basic research, Contract monitoring

Personnel

Equipment and maintenance 

Thailand field testing and evaluation 

Personnel

' Overhead, travel, equipment

$15,000

60,000
$75,000

15,000

lcotooo
$n5,.ooo

$150,000

$3UQ,Q0Q
- ‘̂w>

Contract synthesis 

Total, Crops Division

Aircraft equipment modification and systems 

development $150-,000 , _
I

B* Intermediate (January 1963-July- 196k)

Research phases

(IT) Emphasis will be placed on the development of an interagency

agreement between Crops Division and the Agricultural Research Service of USBA

in an expanded program of secondary screening of defoliant compounds, and in* /
basic research in defoliation and abscission. Synthesis contract research will 

be expanded to review greater numbers of chemicals. Field testing programs will 

be expanded in tropical and temperate areas. Both in-house and contract programs 

in fundamental research oh defoliation and abscission will be strengthened.
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1« (U) Proposed cooperative agreement with Crops Protection Div­

ision, Agricultural Research Service.

Effective broadening and strengthening of some phases of the 

Crops Division defoliation research program can be. secured by cooperation
ctwith the Crops Protection Division, Agricultural Researve- Service, U. b.

* *i
Department of Agriculture. The proposed research would be carried'out under 

an interagency agreement between the Crops Division and .the Crops Protection 

Division of TJSDA. Funding would be effected through the U. S. Army Biolog­

ical Laboratories.

Suggested phases in this cooperative program are s

a. Secondary screening of candidate chemical agents in 

woody plant nurseries in Texas and Arizona.

b. Field testing of chemical agents in various temperate

zone locations including Washington, Nevada,. California, Utah, Texas, Arizona 

Nebraska, and Georgia. Rate, volume, and season of application studies would 

be conducted at a level requiring L to 6 full time technical personnel.

Field testing of chemical agents under tropical and sub- 

trobical conditions would be conducted in Florida and Puerto Rico, re-
co

qui-'lng 2 full-time technicians.

d. Fundamental research on environmental factors affecting

defoliation and action of chemical defoliation agents would be conducted at

Beltsville requiring 1 or 2 full time plant physiologists#
« «

• • ✓
e* Engineering assistance in the development of aircraft 

application systems would be available on a consultant basis.

The proposed research effort of the U. S. Department of Agri­

culture group would be projected on a 2 to 5 year basis.

'M
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2. (U) In-house screening and field testing

Increased personnel and greernhouse facilities will he needed for 

■review of synthesized compounds • Nursery field screening tests wili be up­

graded.

in additional field testing and evaluation team will he developed. i
for tests of agents and7'equipment in tropical and sub-tropical areas, in­

cluding Panama and Mexico. The team would work at several locations on a * 

rotational basis.
i *

Monitor teams of chemist and plant physiologist 'would be established 

to handle contract syntheses liaison. The monitor team would cooperate closely 

with'the Biomathematics Division in the development of information retrieval 

systems to record assembled data on chemicals and plant response. An addi­

tional technician might be assigned to this phase if available.

3. (U) In-house basic research

Capability will be developed for studies in the mechanisim of 

abscission and defoliation and of environmental and internal variables vc

influencing normal or induced defoliation. rs;

.. (U) Contract research on synthesis and screening *”
J

• Present contracts will be renewed or renegotiated to maintain a 

caps* ility of production of 1500 - 2000 compounds yearly. Primary Screening 

on woody plants will be included In contracts.

5. (U) Contract research on defoliation
4

Existing contracts with the University of California on isolation
. *  4

and characterization of abscisin will be continued. Additional contract with 

Dr. Leopold at Purdue University on mechanisim of abscission will be developed -

10



)

F -.rsonnel

Qu} Additions to civilian personnel (FT 1?61*)

Screening and field testing ■

2 agronomists or plant physiologist, GS-7 or 9 
1 plant physiologist, Go-11 and I ,
1 organic chemist, C-3-11 (indicated on immediate program) as 

monitor team for contract synthesis 

Field evaluation '¿earn - tropical

1 agronomist or physiologist GS-9 or 11 

1 Ecologist or taxonomist, GS-9 or H

1 agricultural engineer, GS-7-11 

In-house basic research

2 plant physiologist GS-9 or 11

i

cr
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Budget Becuirements

Complete budget requirements for tbs Crops Division defoliation 

program for FI 196U:

In-house screening and fie-c testing including evaluation team 

'for tropics; additional greenhouse facilities 

In-house basic research program 

Contract synthesis of chemicals and screening 

Contract research on abscission and defoliation 

Interagency agreement with U.S. Department of 

Agriculture for field testing and basic research 

on defoliation

Field testing and evaluation in Thailand

$350,000

100,000
1,500,000

80,000

250,000

250,000

Total, Crops Division $2,530*000

Lonc-Bange Program (1963-1968) 

ilesearch phases (TJ)

(tv By the end of FI 19 6U or early 1965, it is anticipated that

synthesis programs, screening and field testing programs will have been
*

expanded to d&sired capacity. Shift in emphasis in chemical agents may 

be made to a dry-type agent, assuming that' effective liquid agents are
r

secured. Field testing programs will be shifted in location to secure

diversified vegetatioxzal areas.
*

(U J Basic research capability will be strengthened with both in-

hou^a and cooperative TJSDA effort cn hormonal mechanism studies* of de-

fo- .ation. Isolation and syntheses of natural defoliation hormones may 
be achieved.

CO
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. (U) Contract synthesis and screening of chemicals

Contracts will be renewed and/or negotiated for development and

standardization of a liquid defoliant and for a-universal dry-type defoliant*

Synthesis of new compounds will or continued for possible agents in aerial

and ground equipment of both liquid and dry-type chemicals* Emphasis will
*

; also be given to soil *sterilsnt herbicides* Synthesis capability of 2000 

compounds yearly will be established for contracts*

- 2*- (U) Screening and field testing

. Screening programs under greenhouse and controlled conditions 

will be continued* Field testing will be conducted in temperate and trop­

ical -areas in diversified vegetation types*

Emphasis in- screening may shift from liquid to dry-type chemicals*

3* (U) Cooperative research with U.S. Department 6f Agriculture Field
}

evaluation'program and fundamental research studies will be continued as 

outlined under the Intermediate Program*

c* (U) In-house program of basic research

Capability will be developed for securing fundamental and back­

ground information on the mechanism of action of defoliants, desiccants, 

and herbicides. > 1

Proposed research will includes

Use of radioactive tracer techniques in absorption and translocation

studies; biochemical analysis of metabolic changes in natural abscission and 
« •

thaï nduced by application of chemical agents.
/

Studies on the environmental and internal controls of plant responseto

to application of growth-regulant chemicals; senescence and aging of leaves ‘ 

of plants from various tropical and temperate climate a in relation to natural 

or induced defoliation. 5

i 13



Development of ecological background information on the species 

composition and responses of plants in various vegetation types to defoliant 

anJ ..erbicide application.

5. (U) Contract program of basic research

Isolation* characterization and* if possible* synthesis of naturali
abscission-inducing hormones (abscisin) will be carried out. • S^eriments

\

with-the naturally-occurring abscission hormones will greatly facilitate * 

an understanding of the process and the conditions favorable to defoliation*

6* (U) Development and modification of equipment

It is anticipated that subsequent modification of aerial and 

ground equipment may be needed to accommodate to the type of agent stand- 

ardized-liquid or dry-type to meet future requirements.

;£i) Squipment should be developed for three types of aircraft: (1) 

helicopters and fixed wing craft of minimum speed; (2) aircraft of medium 

speed* with large and small tank or storage capacity ofr agent; and (3) 

fast-speed aircraft. Use of the latter may be feasible for, dissemination 

of anticrop chemical and biological agents; their use is not foreseen in 

the defoliation program because of the apparent higher rates per acre * ^

required.

Personnel

Additional civilian personnel needed for FT l?65-lp68:

2 agronomists or plant physiologists for screening and field
4 ■

testing, GS-7 or 9

'-O

U plant physiologists and biochemists for in-house basic research, 

GS-9-12

111
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Budgetary Reouiments

Corolete yearly budget requirements for Crops Division defoliation 

program in FT 1965-1963:

In-house screening and field tv sting additional greenhouse

$275,000  - , 

250,000 1 

1,700,000 

120,000 

150,000

facilities

In-hcuse basic research progress 

Contract synthesis of chemicals and screening 

Contract research pn abscission and defoliation 

Field testing in tropical areas 

Interagency agreement with U.S. Department of Agri­

culture for field testing evaluation and basic research 275,000 

Total: Crops Division 

Approximate cost of Development of distribution 

syste -3 including liquid and dry-type agent dissemination 

by air said ground equipment $500,000

$2 , 770,000

cj 
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Budgetary Reouirments

Complete yearly budget requirements for Crops Division defoliation 

program in FT 1965-1968:

In-house screening and field sting additional greenhouse

$275,000 . , 
250,000 

1,700,000 

120,000 • 
150,000

facilities ‘

In-house basic -research program 

Contract synthesis of chemicals and screening 

Contract research on abscission and defoliation 

Field testing in tropical areas 

Interagency agreement ■with U.S. Department of Agri­

culture for field testing evaluation and basic research 275,000 

Totals Crops Division $2,770,000

Lpprorimate cost of Development of distribution 

systa .s including liquid and dry-type agent dissemination 

by air and ground equipment $500,000

. *4
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HEADQUARTERS
UNITED-STATES ARMY BIOLOGICAL LABORATORIES

FORT DETRICX FREDERICK. MARYLAND

5MUFD-5

SUBJECT; Defoliant Program Requested by ARPA

TO: Commanding General
U. S. Army CBR Agency
Army Chemical Center, Maryland

15 November Ì962

V  f-dn -  (\ w O

During a recent visit to the IT. S. Army Biological Laboratories, 
Dr, G. 7. Hock, Assistant Director of ARPA, and Dr, Heaston, also of 
ARPA, requested that a program in chemical defoliation be prepared for 
the use of ARPA. The program as requested is forwarded herewith for 
transmittal.

FOR THE CQMHANDER:

1 Incl 
as

Copy furnished: 
Dr. G. V. Hock
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SKUCB-TO-Btf (15 Nov 62) 1st Ind
SU3JSCT: Befo liant Program Requested by ARFA

HEADQUARTERS U. S. ASKÏ CHE-ÎICAL-3IQL03IC^-RADIOLOGICAL AGENCT, Army 
Chemical Center, -Maryland 2 7  NOV 1962

TO: Coanianding General, U. S. Army Munitions Command, ATTN: AMSMU-R, 
Dover, New Jersey

Attached program for defoliation submitted by U* S. Army Biological 
Laboratories is .forwarded herewith*

- FOR THE COKlAXDSt:

1 Incl 
nc (h cys)
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AMSMG-.HB (15 Bor 6z) 2nd lad (U)
SUBJECT: Defoliant Program Requested by AHPA (U) —

Headquarters, U. 3« Anay Munitions Command, Dover, Hew Jersey ̂ 20̂ 2

TO: Commanding General, IT. 3. Army Materiel Command, JLTTH: JLMCRD-DE-CB, 
Washington 25« D. C.

Forwarded for your information, retention and farther transmittal.

FOE THE COMMAdDSA.

• 4 ?  - / ' ¿ f  J L  ‘

w/d 1 copy of l a d  r^*. DAIS L. 7XHCEHT
Colonel, GS
Chief, CBR Operations Office
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