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INTRODUCTION

Under Project AGiLE, a subtask was undertaken to provide “technical
advice on the state-of-the-art in the United States, both governmental
and noﬁ-governmental," on chemical means for controlling vééetation.
The ﬁroblem was broken down into the following categories:

l. . Commercially available agents which could be applied
in military operations within six months.

2. Chemicals in commercial production or laboratory
development which could be brought to the operational status
within 18 months.

3. Fundamental studies on plant physiolegy relevant
to these short and intermediate range problems.

4, Botapical Qtudies in relation to the task.

5. The prcﬁer function and distribution of intramural
effort at Fort Detrick in relation to these objectives.

6e felevancy of hon-military government efforts to the
problem.

7. Lliaison, proprietary rights, and contractural

arrangements in facilitating this program.



1.

RECOMMENDATIONS

ghort-range Problem

a. The evaluation of commercially available agricultural
chemicals aleng the lines of herbicide-herbicide, herbicide-
defoliant, herbicide<desiccant mixtures has the greatest promise
for developing operational agents in the next six months.
Formulations must be investigated as a key part of these
evaluations. The particular choice of agents can probably be
best made by Fort Detrick with the USDA in consultation with
representatives from industry, or by the panel discussed below.
b. The initial evaluations can be best conducted in industrial
laboratories, second choices are the USDA facilities and Fort
Detrick. '

¢. The field evaluation for tropical areas preliminary to

operational testing can be carried out immediately at the

- facilities available to several of the iarger companies. A

good second choice is the Puerto Riéan Commonwealth Agricultural
Station. Independent USDA supervised faciiities would have o
be set up and manned; Fort Detrick supervised sites could be
used if the others were unavailable.

- Intermediate-range Solution

a. Industrial laboratories are the best source of candidate
chemicals for phytotoxic evaluation. This should be implemented
through 8 to 12 mo&est ($100,000) synthesis and screening contracts.

~ The contractor should be given maximum latitude in pursuing the

program; primary and secondary screening should be their

responsibility.
2
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6.

e. (Qloser interaction is required between those responsible

for designing delivery eqpipﬁent and those preparing the chemical
agent regardless of their Sefvice. .

d., Fort Detrick should utilize a wide range of consultants from
industry, the universities, research foundations, and the federal,
state, and commonwealth agricultural stations, representing
divergent points of view.

Advisory Panel

An advisory panel on the anti-vegetative program could play a
critical role in meeting the present difficulties and laying out
an effective plan for the future. In addition to the required
statutory representation, it should include both military and
civiliaﬁ representation from the Air Force and Navy. It would
be desirable to have a representative of the Office of the -
Assistant Secretary of the Army for RED and the Office of the
Chief of Research and Development, Department of the Army also
represented., The panel should freely utilize consultaﬁts as
suggested in Paragraph 3 (d)-above.

Systematic Botany

An immediate effort should be made to compile a botannical
register, from a qualitative and quantitative point of view, for
Southeast Asia. -A'corresponding effort should be started for
other potential trouble spots.

Phytotoxie Susceptibility

The relationship between phytotoxic suscéptibility and phylogenetic
strain should be studied. '



Program Management

It would be an intrusion of an unneceséary administrative layer
to have some institution such as Stanford Research Institute or
Armour undertake & supervisory function in the expahding anti-
vegetation program. The supervision of the anti-vegetation
program as it applies to the military rightly belongs to Fort
Detrick. '
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DISCUSSION

The consensus in and out of government, with which we c¢oncur, is
that the Crops Divisicp of the U.S. Army Biolecgical Laboratory at Fort
Detrick has responded splendidly to the present operational military
requirements. ‘In_view of their history of budgetary caprice, intramural
resistahce, and lack of support by the‘mdlitary command, a far less
effective response could have been expected. Now that the anti-
vegetation program at_?ort Detrick ié being re-funded, it is appropriate
to review the functions of the expanded staff in terms of the short and
longer range objectives., Conclusions based on discu#sions with Qovern-

ment and industrial contacts on the proper function of Fort Detrick are

' présented below.

It was made evident by our industrial contacts that rapport with
the anti-vegetative proéram varied from satisfactory to antagonistic.
Most companies appeared to be confused as to objectives and it was
evident that the relationship was reciprqeaily unresponsive. Since no
satisfactory utilization of the industrial capability can be made
without improved rapport, this problem alsc will be discussed. Unlike
many other technical fields, in which the principal expertise and com-
petence lies in the military, the development of new anti-vegetation
chemicals is fundamentally an activity of the commercial chemical
industry. The military applications ére peripheral to, and derdvative
of , the industrial competence. Industry mﬁst be utdilized to a much
greater extent if a more effective anti-QEgetation program is to be

developed.



From a botanical point of view, the above problem includes various
aquatic plants, mangrove, and a wide range of grasses, ferns, palms,
palmettos, trees, and herbaceous plants throughout South Vietnam.
Although time did not permit an exhaustive search, conversations with
a number of knowlédgéable individuals make it appear unlikely that there
exists an adequate botanical collation of this area from either the
qualitative or quantitative point of view.

Cur infor@ation indicates that mangrove is controllable. However,
there is a paucity of-information on-the relative susceptibility of
the various other species to herbicides. It is known that:

l. There are no rain forests in the area of military interes;.

2: The upland area has a dry season in the winter in which
there is less than one inch of rain. The tree species there
are largely non-deciduocus broadleafs.

3. In the virgin forest, the principal obstruction to vision
requiring defoliation is the broadleaf evergreens which
grow up to ﬁ height of 100 feet. The ground has relatively
little cover.

4. There is a tropical scrub growth consisting largely of such
£lora as broadleaf evergreens which are often mingled with
bamboo (running up to 40 feet in height) and imperata grass.
This tropical scruS appears to be typical of those areas in
which civilization has intruded. '

The above categories do not clarify fully the tactical objective

of the military defoliation program. The chemicals now in operational .



trials, as of November 1962, are effective against all of the categories

.described above to a greater or lesser extent. The tactical problem to

which research must be directed is the development of agents which attack
A broader range of botanical species more rapidly. The agents must be
applicable by air or ground spray devices., They should be non-toxic to
the trocps using it, to the natives in or passing through the area
treated, and harmless to their livestock. Certainly, acute effects

must be guarded against and the likelihocd of chronic effect minimized.
Since any agent will, in most areas,.be used once, or at most a few
times, it is not necessary to conform to the high safety standards
required by the Food and Drug Administration for commercial agriculture.
It is important’ also to guard against cosmetic effects, however transient,
because of the propaganda value.

There appears to be a difference between the military and com-
mercial terminology. The term "defoliant"™ appears to be used by the
military to mean an agent which .causes the leaves to drop whether it
kills the plant or not. In commercial terminology an agent wﬁich kills
a plant is a hérbicide, whereas "defoliants" are exclusively non-herbicide
agents vwhich cause the leaves to drop from a commercial crop plant in
order to facilitate harvesting. Desiccant appears to have the same °
meaning for the military and industry; namely, ‘an agent which_gauses
the dehydration of leaves and their withering but not necessarily causing

- them to drep from the plant. Ancther category of agent, the soil

sterilant is recognized commercially as an agent which brohibits the
growth of all flora in an area whether temporarily or permanently.
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There was some confusion among our industry contacts as to whether
the military wanted, didn't want, or didn't care whether the agents
offered were herbicidal or soil sterdilizing. This needs clarification.
In our understanding, sterilants have a definite place in roadside

clearance whereas they might bring about erosion problems in the forest

- proper.

Several companies which bid on the two recently -granted contracts
had only a'vague understanding as to what'the military ébjectives are.
This lack of clarity undoubtedly hampéred some in the preparation of a
satisfactory proposal. More specific information on the now classified
aspects of military requirements would assist the bidders in submitting

more responsive proposals.

II. Commercial Agents Immediately Applicable in the Field

The most promising sourcelof new operational agents for use in
the next six months lies. in the{combination of commercially available
herbicides, defoliants, and/or desiccants. Formulation is the key to
the successful field application of such agents.

The United States Department of Agriculture appears to be aware of
the performance capabilities of all commercially available herbicides,
defoliants, desiccants, and soil sterilants. They are familiar with
the published literature as well as the resﬁlts from the several state
agencies. In addition, they have an extensive research program of
their own. It is not clear that the able but overworked staff at

Fort-Detrick, since the arrest of their efforts in 1958 and its resuﬁption

10



in 1961, have been able to apprise themselves of the performance capa-
bilities of all marketed agents. It is ironic that the Fort Detrick
dnti-vegetation program was aborted in 1958 since this is approximately
the time that a number of new agents representing different chemical
types became available. The ready availability of the components of
the agent used and the generally recognized range of effectiveness made
it the logical first contender.

Our contacts in industry were unable to suggest any agent as prome
ising as those being tested operationally for two reasons:

1. They had not been given the military requirements

specifically in terms of the situation in Vietnam; and

2. Théy had no reliable, comprehensive, organized body of

data on the effects of their chemicals in tropical
environments.

We make no specific suggestions as to commercially available agents
which should be investﬁgated in the field. . We do, however, recommend
that mixtures of one or more different herbicides either with currently
used agents or in various combinations, such as dinitropﬁenols and
2,4,5-T, should be tried. This type of combination should bring about
rapid leaf drop and subsequent kill. One would expect that a defoliant
(in the commercial sense) by itself would be of military interest only

- in certain tactical situations since growth in a few months would undo

its short-term-effect. A combination of defoliant and herbicide,
however, presents problems which call for specific experimental work.
One anticipates that if leaf-drop should occur too rapidly, the
herbicide may not have timeé to be absorbed and bring about a subsequent



kill. Similarly, combinations of herbiﬁides and desiccants also should
be evaluated. :

The third aspect of the utilization of current materials lies in
formulation. The latter is the addition of additives, solvents,
emulsifiers, etc., to bas§c agents in order to enhance their effective~
ness. Effective formulation reqpires an individual with long experience
and a knack bordering on art. This competence is best embodied in a
few private conéultants and some induétrial laboratories.

It is our opinion that the recomrendation of the commercial agents

to be investigated can be best made by Fcrt Detrick and USDA at Beltsville '

in consultation with scme of :he-largef corporaticns such as American
Cyanamid, Dow, Monsanto, Shell, Amchem Products, and Giegy Chemical
Corporation,  We believe that the formulation and initial evaluation

of these mixtures can be most rapidly,'effectively, and economically
accomplished through industrial contraets, whereas Fort Detrick's major

contribution should be in large-scale field evaluatien.

ITI. Industrial Chemicals at the Developmental Stage,.

In the intermediate and long-range efforts of the anti-vegetative
program, the accumulated laboratory and screening data as well as the
current developmental activities of the herbicide manufacturers could
be profitably applied to the program. ' '

In any technically oriented big business, such as agricultural
cheqicals, there is a build-up of unused technical information ayaiiah}e
only to company employees. In wartime, in the name of‘patriofism and
national defense, the barriers of industrial security are lowered. In

12



a cold war, demahds of proprietary self-interest are still dominant.
In peaéetime industry, by and large, is reluctant to give to the
military proprietary information which has been accumulated at great
expense. In the herbicide—defoliaht field, a small company easily
can accumulate data on 200 to 300 potential agricultural chemicals in
a year. A large company Ean accumulate data on that many in a month.
A vanishingly small percentage of the compounds initially screened
for herbicide activity, because of unfavorable economics, toxdcity,
or an inappropriatg spectrum of biological activity, is ever com-
mercially develcped. It Still may be t6 the company's interest to
keep the performance data on these unsuccessful compounds secret to
avoid aiding its competitors.

The Foed and Drug Administration requirements which must be met
by agents that are to be applied to crops make the development of a
crop chemical exceedingly expensive = ranging from $250,009 to $2,000,000,
This expense is incurred largely in andmal feeding studies, field
evaluations, residue determinations, and investigations of the metabolic

diéposition of the chemical in the plant. Such expensive studies probabiy
| are not necessary for a military agent.

Several of the larger companies indicated that they did have, or
might have, agents in their accumulated files which they would be willing
to make available to the military if they were approached with a
specific objective., It should be pointed out that the staffs of the
state and federal agricultural agencies also are largely uninformed of
the behavior of these test chemicals because of industrial security.



Chemicals under developmént present a delicate problem to industry.

' The revelation of performance characteristics might reduce a company's

lead time over its competitors by several years. The opinion was
expressed frequently that a specific military request, toupled with

a better safeguard of the- companies proprietary rights, would induce
them to reveal data on promising compounds., An additional inducement
would be to give the companies more responsibility than is presently

the case for the screening and evaluation of their compounds.

IV. Fundamental Studies-

There is a slow but accelerating production of fundamental studies
on phytotoxiec action. In spite of more than 15 years of investigation,
there is no definitive acecount of the mode of acticn of 2,4-D, the
oldest of the commércial organic herbicides. In contrast, there has
been marked success in investigating the mode of action of several afi
the newer herbicides. Monuron, chlorophenyldimethylurea, has been
shown by Todd .and cthers tb interfere with the Hill reaction in photo-
synthesis, Hilton of DuPont and others of Beltsville have shown that
Dalapon, salts of 2,2-dichloropropionic acid, and other chloro-acids
compete for pantoate in the enzyme involved in pantothenate synthesis.
There also has been increasing activity in the study of absorption and
translocation of phyto-active chemicals,

These basic advances are being made largely in the universities
and the USDA facilities in the United States and by a group of workers
in England. .

14
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é\u) Fundamental studies at present are largely irrelevant to the short
and intermediate range problems. In the long pull, these studieés
present the greatest promise since they are the foundation upon which
our understanding of phytotoxicity rests and this knowledge could be
crucial in the selection of compounds to be studied in the future.

At one time, Fort-Detriék was a center of fundmental studies.
It is no more and, in our opinion, it should not be. Fundamental
work is best conducted in an uninhibited environment of free exchange
such as exdsts at the universities. In ocur opinion, therefore, the
military should provide support for basic research. We believe, also,
that Fort Detrick should be given the opportunity to také full advantage
of this information by the appointment of consultants represénting

disparate poihté of view.

V. Proper Function of Fort Detrick in the Anti-Vegetative Pregram

As pointed out above, the military applications of defoliants are

a relatively minor but specialized aspect of the general technology
of plant chemistry. The military have specific problems peculiar to

\ " " their needs, but the principal resources to solve them are located in
industry. Fort Detrick should, therefore, play the primary role in
formulating these.uniqpe problems and in developing the appropriate
technology to solve them. To do this, they need a capability which
fanges from baﬁic research to applied technology. One of the key
problems 1s to achieve the proper balaﬁcé of these activitieé. The
Fort Detrick operation should go’into the fundamental aspects of plant

chemistry only far enough to maintain a competence at the installation

15 ‘



which will enable it to interpret fundamental research reports from
all scurces;. On the other hand, fundamental studies in plant chemistry
are currently under-funded at the universities and the Department of
Defense would do well to support this activity.

The second activity, that of evaluating new agents, can be divided
into two parts - synthesis of new agents, and ﬂxve.ir screening, By the |

. very nature of organic synthesis, small installations cannot have a

ful) spectrum of synthetdic capabdlity. Fundamentally, indsutry and,
to a lesser extent, the urdversities should be the scurce of new
chemdcals., The synthesis of these new compounds can be best done cn
a contract basis and these laboratordes should be given wide latitude
to investigate new chemical structures. However, Fort Detrick must
have sufficlent synthetic organic chemical capability to permit it to
follow up promising synthetde-leads where an in-house effort is
desirable,

The other aspect of new agent evaluation is primary screening to
select those chemicals which have:the slightest promise of phytochemical
activity. Whene*}er possible, screening should be the responsibility of
the ozvganization'synthesizing the compounds in order to provide a high
rate of feedback of the results to the synthetic program. In this way,
interest in the research would be heightened and economies in both time
and money effected.

Thirdly, the applicaticn ef plant chemicals for military purposes
should be the strong point of the Fort Detrdick operation, f.e., problems
connected with modes of delivery as well as operational evaluations, and



large-scale testing in those environments of military interest.

In summary, the use of phytochemically active agents is primarily
a special facet of a much larger technology. Fort Detrick needs a
full range of capability to stay abreast of developments but its
emphasis should be overwhelmingly on those aspects which are peculiar

to military applications.

VI. Other Government Efforts in Plant Chemiéggg

The principal focus of non-military federal government activity in
phytotoxic agents is the United States Department of Agriculture;
comparable agencies exist at the state levels. Their interests range
from the improvement of agricultufal yield;'without impairing the
wholesomeness of food, coentrol of undesirable plants in wooded lands
to help the lumbering industry, control of growth along rights of way
used for power transmission lines and transportation, to control of
weeds in navigable waters and aquatic sports areas. |

These agencies conduct extensive evaluation programs at the applied
level which are designed primarily to measure the effectiveness of new
agents in their various fields of interest. The state and federal
agencies usually are given only those materials which the manufacturer
has decided, on the basis of his own evaluations, have a good chance
of being commercially successful. Thus, the governmental agencies'
forte is the knowledge of the effectiveness of commercial chemicals.
being marketed or being offered for commercial deveiopment. Their
weakness is a lack of information with respect to the far greater
number of materials réjected by the manufacturer for commercialization.

17



For the current military needs, therefore, the agricultural stﬁtions,

in particular the USDA, are in a key position to recommend to Fort

Detrick those commercially available agents which should be brought

immediately to operational evaluation.

On the level of secondary plot size screening, the U.S. Department
of Agriculture and the state agricultural stations have conducted field
evaluations for many years, especially in températe zones. They do not
have the manpower, which can be applied immediately to the short and
intermediate range military problems. .

Industry with its long experience in formulation must be utiliéed
to the maxdimum. The proper function of Fort Detrick is tc coordinate
these two competences and to channel their efforts into a preductive,
efficient program. Particular attenticn should be given to the Puerto
Rican Commonwealth Agriculatural station which has a climate similar to
that of Southeast Asia. The flora may not be comparable in thedr
reactions to the phytotoxic agents;

The Forest Service is, in general, interested in reméving undesirable
trees from those areas which are commercially significant, for example,
the selective killing of scrub ocak in pine forests. Rapidity of'response,
a military necessity, has not been a Forest Service requirement.
Secondly, their interest is directed toward selectivity or specificity of
action, 'Thirdly, many of their tree-killing techniques such as frilling
(prying a ring of wedges of bark away from the tree and applying the
chermical to the wound) are mdlitardily impractiecal.
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In summary, due consideration and emphasis should be given to the

various aspects of the development program. The prime responsibility

_ for formulation and its associated screening should be assigned to

industry, directly or indirectly. The facilities for plot-size sereening
are most frequently found in the state, commonwealth, and federal
agricultural stations.

VII. Industrial ILdaison

It became apparent early in our investigation that the principal
focus of phytochemical technology lies in industry. The military has
not been receiving full advantage of this technology because of a failure

to communicate its unique problems, and industry's fear of losing its

proprietary rights.

Economic Difficulties - Contact after contact in the industrdal

laboratories made the point that the agricultural chemical business is
highly competitive. An awareness by the competition of the performance

" of a developmental chemical or even the general trend of new research,

can mean large dollar losses. Vhen data is submitted to the various
government agencies, it is with the understanding that secrecy will be
maintained on proprietary information. In a few regrettable instances,
this confidence has been violated, causing the supsiiers to become
over-cauticus. Most of our contacts agreed that the individuals to whom
the information is given initially act in geed faith. Two effects act
to underéut their'good intentions. One is a relatdvely rapid turnover

19
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of personnel and the other appears to be a needlessly broad dissemination
of information to fﬁose who have no rezl "need-to-know." OQOther diffi-
cultiés are the failure to clarify and publicize industry's opportunity
to retain commercial rights and concern that an agent might be
classified Msecret" thus preventing the development of a patent position.

In spite of tﬁese adverse reactidns, the industrial representatives
expressed a desire to serve the country, even at some risk to proprietary
interest, provided:

l. The prcblems were made explicit preferably through

face-to-face contact; and '

2. There is an oppertunity to earn a fair profit.
The salient featﬁres of the last point are the firm guarantee of com=
mercial rights to an§ agent developed in a govermment program, and the
opportunity to turn previous laboratory invesfigat;ons to profit by
developing military uses for agents which the company had previously
rejected for commercialization., In this manner they will be able to
retrieve some of thelr research expenditures. e
| Cost Sharing - In comnection with the granting of two recent

contracts by Fort Detrick which went to Penn Salt and Monsanto,
respectively, a number of complaints were made with respect to cost
sharing. In this arrangement, the contractor absprbs part of the
program's cost presumably because his commercial interests are béing
aided by the contract. Cost sharing tends to be promoted Ly those who
will gain the most through federal subsidy, whereas cost ‘'sharing tends.‘
to be discouraged or not engaged in by those who have the least to gain
but the most to give to the federal effort. A company with no great

20



comﬁitment in a field may undertake a great deal of cost sharing, thus
providing for itself an opportunity to break into a new £ield. In effect,
rather than subsidizing a federal effort, it is utilizing federal money
to subsidize its own interesta. In contrast to this, the largé company
with a tremendous backlog of information and technology, when asked to
engage in cost sharing, is subsidizing the federal effort.

The industrial reaction to ecost sharing, in most cases, was
unfavorable. This attdtude is based on the fear that in scme cases
purchase price may také precedence over quality of research.

Communication Problem - The failure to communicate adequately the
military needs to industry has been a major factor in retarding respoﬁse.
We will discuss .the problem in terms of (a) the Industrial Liaison Office
which wvas organized officlally to bring new chemicals into the military
program, and (b) the handling of the two recent Fort Detrick contracts

as specific examples of difficulties.
~(a) Industrial Liaison Office - The general attitude toward

the effectiveness of the Industrial Liaiscon Office vardied all the
way from “very favorable" to "ineffective." There is a ténﬁency

for those companies who are active participants of who have a long-
standing history of involvement in military programs to consider

the Industrial Liaison Office effective. Instances were reported
where companies were recruited into the program by specific contacts-
with Dr. Metcalf, the Chairman. At the other extreme, the companies
which had relatively few dealings with the mjlitary felt that the
Industrial Liaison Office was not doing a good job. They tended to
lock upon the acquisition program as indiscriminate and ineffective,

21
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With respect to the herbicides, the opinioﬁ generally expres‘seci
was that the significant manufacturers already had screened most of
the compounds befpre they subtmitted them to the IMu;&iﬂ Liaison
Cffice. They felt that the military should not be conducting a
reaundant effort in sc’feening these chemicals but rather should
be consulting more closely with the synthesizer with reference to
the phg}to—activ:‘.ty of the compounds. More important was the state-
ment that the compounds submitted to the Industrial Lizisen Office
we::"e "highly filtered." - It was said that only those compounds
which were either known to be of low activity or for which there

had been established a firm patent position were submitted.

The most interesting criticism of all came from one company
which has subuﬁtted the names of hundreds of compounds in the recent
past and has received no ier;uest for evaluation samples. The cc'm--
clusion drawn by this supplier was that not even the military is
interested in the Industrial Liaison Office acquisition program.

A contrast to these criticisms relating to herbicides is the
awareness by industry of military interest in highly toxde materdals.
Almost without exception, industry has cooperated by submitting
samples of new compounds for tests where the preliminary data was

suggestive,
(b) Negotiation of Contracts - Our industrial contacts -

showed spontanecus interest in discussing the various aspects of

submitting proposals for an anti-vegetation research contract with

. Fort Detrick. Wwhile none of the remarks below could be said to

represent the opinion of all the industrial companies, there was
sufficient consensus to merdt presentation.,

22
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The bidders' conference seems to have left some contractors
confused on objectives. A request for bids for the synthesis of
phosphorus, ‘acetylenic and other compounds was made, Many inter-
preted the request to mean too heavy emphasis on the first two
categories., Also, there was a great deal of criticism of the
limited sereening requested of the contractor: The latter was to
screen the new compounds against one plant and Fort Detrick was to
screen them against additional ones. One plant was not regarded
as a singularly significant for diagnosis. Our contacts generally
believed it was much more economical and efficient to permit the
contractor to conduct the primary and possibly secondary screening. -

Wé believe the contract work would be more efficient and
effective were the contractor involved in goal planning, synthesis,
formulation, primar& and secondary screening, and field evaluations.
Also, many of the large corporations and some of the smaller cnes
have tropical and subtropical evaluation facjilities in operation
or available to them which could'respond almost immediately to the
military requirements for secondary an@ field screening. Such a
gystems approach could be mostAeffectively carried out in dealing
with the larger companies such as Dow, Shell, DuPont, American
Cyanamid, Monsanto, etc.

Scme of the industrdial contacts were sufficiently interested
in the military program that they wished to initiate unsolicited
contract proposals. Apparently the opportunity and the mechanism
for dodné this was not made clear to them at the bidders' meeting.

23
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VIII. Manufacturing Capability to Respond to Military Requirements

An important question is the ability of the manufacturer to produce
large quantitifes of a new chemical in response to military requirements.
This problem has two important aspects - manufacturing facilities and the
cost of the products. _

' For primary screening purposes, a few grams of material are quite
adequate and are the scale on which a ‘synthetic program is and shauld be
conducted., Field or plot screening evaluation might call for one pound
quantities. In almost all ca.seé, it was felt by the manufacturers that
they could respond to such a requirement within a month. Should an agent
be successful at that time thefe probably would be a need for quantitdes
in the range ﬁf 20 to 25 pounds for a large-scale field evaluation. The
response time in this case probably would not exceed three months.

App]_ication of a new agenf at the ope;'ational level might involve
synthesi_s ¢t 50,000 to one million pounds per year. The larger manu-
facturers were, by and large, confident that such a need could be met
provided fairly broad latdtude in cost was allowed in order to cover the
extra expenses inherent in the large-scale production of a new chemical.

It is our belief that in looking for this new military agent, one
could justify, initially, several-fold higher costs than that allowable
for an esta.blisbed commercial agent. We believe that if industry were
explicitly informed that such an opportunity exdists, it would be greatly
stimulated in its search for new phytochemical agents.
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IX. BEBotany
Our observations indicate that there is significant literature

available on the botany of the Inda:Chinese peninsula; This is not well
organized nor is it available conveniently in the English language.

We believe that some taxonomic botany would be most helpful to those
attempting to develop improved herbicides and defoliants. The
objectives cshould be:

l. To gain a clear understanding of the relative military

importance of the specific species;

2. To explore the relationships between chemical sensitivity

- and taxonomy in temperate and tropical regions.

Our preliminary investigations suggest that considerable pertinent
information is scattered among the variocus companies which have planta-
t;ons or cemmercial interests in the tropies: these are primarily the
rubber, coffee, banana, and cocoa growers. A taxonomist with a
chemical orientation-undcubtedly could perform a useful service in
collecting and ccdifying this information. Of particular note is
Maurice Schmid, a FPrenchman, whose English, we understand, is excellent

and who is considered to be the outstarding. authority on the botany of
Vietnam,
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APPENDIX

The following organizations and individuals have been contacted

in cur attempt to evaluate the current state of the art of

vegetation control by means of chemicals:

1.

2.

3.

Se

6.

Biology Department, Harvard University
Cambridge, Massachusetts

a. Dr. Duncan Clement
b. Dr. Kenneth Thimann

United Fruit Company
Boston, Massachusetts

Dr. N. C. Thornton

Colonel X. C. Emerson
Qffice of the Secretary of the Army(RED), Pentagon

Smithsonian Institution
Washington, D. C.

a. Mr, Morton
b. Dr. F. A. McClure

Esso Research Center
Linden, New Jersey

Pr. H. H, Yowell

W. R. Grace § Company
Clarksville, Maryland

Dr. ¥W. XK. Loughlin, Director of Research

Fort Detrick
Fredericksburg, Maryland

a. Dr. Minerick
b. Dr. Browvn

¢. Dr. Darrow

d. Dr. Kingsolver
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8. U. S. Department of Agriculture
WaShing'tOfl ] D L] Co

a. Forest Service, Dr. Donald Lynch
b. Agricultural Research Center
Dr. D. C. Haller
" Assistant Director
¢.. - Plant Industries Station, Beltsville, Maryland

(1) Dr. W. D. MeClellan
(2) Dr. D. L. Xlingman
(3) Dr. Shaw ’

9. American Cyanamid
Princeton, New Jersey

a., Dr. Frank Stark
b. Dr. John King

10, Stauffer Chemical COmpany; New York City

.d. Dr. Chester Arnold
Viece President in Charge of Research
b. Dr. Donald Mastick,
Assistant to the Vice President
¢. Dr. D. Dorman
Associate Director of Biological Laboratories
d. Mr. Obrecht-
Research Director, Chemical Division

1l. Boyce Thompson Institute
Yonkers, New York

Dr. George McNew, Research Director

12, Dupont Chemical Company
Wilpington, Delaware

Dr. Max Goebel, Director of Research

13. Texaco Research Center
Beacon, New York

Dr. C. L. W. Swanson

14, Pennsylvania State University
University Park, Pennsylvania

Dr. Donald Frear



15.

1s6.

17.

18.

13,

20,

22.

National Geographic Society
tlashington, D. C.

Ethyl Corporation ,
Detroit and Baton Rouge

a. Dr. Ellis Rifkin
b.. Mr. J. D. Libby, Jr.

Shell Develcpment
Emeryville and Modesto, California

a. Dr. R. G. Larsen,

Direetor of Agricultural Rasezarch
b. Dr. J. Van Overbeak
¢. Other staff members

Standard 0il of California
Richmond, California

a. Dx». B. F. Quisenberty
b. Dr. I. Levine
¢. Dr. L. R. Gardiner,
Directer of Agricultural Research
d. Other staff membters

‘University of California

Davis, California
Dr. A. S. Crafts

California State Department of Forestiy
Sacramento, California

Dr. L. Burcham

Dow Chemical
llidland, Michigan

a. Dr. V. P, Schambra, Defense Liaison and Planning
b. Dr. X. C. Barrons, Plant Scientist

¢. Dr. L. C. Chamberlain, Assistant to the
" Director of Research

Chemagro
Kansas City, Kansas

Dr. vonRumkexr
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.onsanto
v saveansamey o no Puggell - St. Louis, Missouri

/ . 1y 16, 1970 . .« Mc. A. E. Leisy - Krummrich
l\.,..v‘ Ju y ? . MI.'. Mo Lo H&ul&rd

n-T Butyl Ester

TO . MI‘- R. E- Baynard

You will recall that 28,560 pounds of the Tech. T Butyl
Ester shipped to Imperial Chemical, Shanandoah, Iowa,
against order number 605150 was returned. This material
is stored at Mid-American warehouse and except for con-
taining 50 ppm iron, 1s good eater. This ester was some
of the material we were using in Orange Band.

The Krummrich Plant has, on a special form, asked "'should
this material be discarded?" 1If the ester 1s emulsified

and cut to 4{#/gal. with solvent, a jell will occur on long -
storage, however 1f it is formmlated and applied immediately,
there should be no difficulty. Also, if one part of this

is diluted with 5 parts low iron ester, the iron content
will have been diluted to below 10 ppm and jelling will not
occur in-the 4{i formulation. So rather than discard it,

I should think you can sell it at some discount to some
formulator telling him the above. What about Farmland,
Chipman, Thompson Chemical here in St. Louis or at the
worst, give it to someone who can use it if they'll pay

the freight. Otherwise the product will apparently end up

on the Krummrich toxic dump.
C. H. 4uase11

CONFIDENTTA™

 SUBJECT TO PROTECTIVE ORDER,

A 22836
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production, and human and animal toxicities for most .f these candida:ea/’}(
chemicals were unknown, and aay one of these factors could have limited ot
delayed active help to Vietnzm, In any case, it is extremely doubtful that
anyone could have beer convineed of tha .real worth of a chemical z2s a

result of testing only a few grams ovr even a few gallona., With these
limited quangities, only a small mumber of the arrzay of unknown species of
vegetation could have been tasted, I 18 not {acended {zm any way to
minimiza the Importance of such testing, but rather to put it in perspective
in relation to the combined "research - aid to Vietnaw' objectives. Thus,
thesa candidates wers tasted {n the lacter pazt of December and {n Jaruary,
wnereas the major aerial i:sting of the 2,4-D and 2,4,5-T chemicals was
conducted from August to Octobrr. The chromology of tests, equipment,
~hemicals, and observation dates are listed in Secstiom VII of the sSupplemenc.

Actual figures on viscosities wers not available uatil 17 April 1962
because the necessary equipment was not 2% hand. Table II shows both
absolute azd relative viscosities for the purple, pink, and pink-green
:hmcalso L.

i G
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> l TARLE 1f. VISCOSITIES OF CHEMICALS COMPARED WITH WATERZ/

L : ,
,,‘: 5 - ?f;peras;ta Water -  Purple Pink Piuk-Greend/

h‘-": .!

- e Absoluta Viscosity, centipaises

/s i
/ i 38 100.4 0.6814 5%0.5 1028 1319

Pt i .
e ;, 32 89.6 0.7679 . 1115 2076 2650

T : 28 82.4 0.8360 1688 3650 4270

- :

L ; 23 734 0.935% 2981 - 8522 ) 7562

N : 19 66.2 1.0299 . 4768 11370 12930

L Sl ;

£ : % 57,2 1.1709 8441 22494 30160
. : Viscosi':y Relizive to Water .
e, : 38 100.4 833.7 1508 1934
o ‘32° 89,6 ws2 2703 3451
;f{‘; : 28 82.4 2091 5126 5108
DA 23 73 3187 6972 8084

e
" ' LL 18 66,2 - 480 prododilo -12550

”z . 16 §7.2 7209 19210 25760

~. : ‘

= : &, Prepared by Ralph E. Buschmann,.

o : be 1l:l mixture by volume,

N ' '
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I_Ersqicus pagsa3 wers black, the-sfore not £41znd, -

5 S , 11I. EQUIRMENT

- AJ VARIATIONS

Inherant differences iz varicus aerial vehicles for delivering sprays
- T affect tha depasition of tha spray. Helicopter rotors provide a downward
- blast on the spray that can cause a desirable spray turbulenes within a °
. . *  forast canopy, depaading on the height above the trees frem which the spray
. ) Tei8a3a L3 =ade. Szgtica TIIT nf the Supplemwent degcribes the effeat of
spraying forests from a helicopter.

C e : Raleases from fixed-wing aircraft arxe {n the main derendent on settling
T T . of the apray. The turbulence ereated Yy the propellers causes tha spray
s . from each boom to spiral sut behind the aircraft to give the impression,
under otherwisa gquiescent ennditions, of two boriromtal cyliadrical clouds
S— £loating in tha air, Héwever, if condirions are cot quiescent and an in-
ol ’ version doas not exist, tha wpiraling effect fzom the propellers seems to
A " aid in the upward diapsrsion of the spray; the fipe particles so imp:lled .
s have little tendancy to settle but are dissipated, aimsbilicy {3 thersby
lost, and desired deposition rates ace not achieved.

- The H~-34, C-47, and €-123's all had split booms; that is, essentially
B . two separata bocws are operated, oma on each side of the fuselage. Thus,

' ' at very-fzw altitudes tha two cylinders of -spray may entar the foliage be-
fora coalescing, leaving unsprayed foliage, undar the fuselage, At higher
release aleitudes the aprays have an opportunity to coslesce and even out
T the spray deposit 1f the con.!itioms for settling ars present.®

{\i ) To my best knowledge, plaoned £low ratea, altitudes, and airspeeds for
[ ’ various swath widths were mada to mateh the deposition ratss dasirxed.

.Y Taus, the amdunt of chemical daposited was linired and the evenress and

« ratea of deposition were dependent on factars discuased above. Within a

S given swath (and especially with & e¢rossvied release) the gpray will de-
vosit with the larger particles impacting f{irst and the f£iner particles

e e being carried farther downwind. Obvidusly, at scze point downwind the

LT . quarctity of chemiecal feposited tapars off and the amount beccmes sublethal.

e It i3 custc=ary {n spray work Co use arsa as a parameter, which

. Rt usually does oot take into aczount the lezf surface ol vegetatiosn cou-

" tained {n that aves There can be considerzble variztion in the area of

Do leaves contained on a given unit of land, dependirg on whether the vege-

R ; tatisn 13 gra33, cornm, or jungle. There {3 no qutck, easy, or exact mathi.

T"-;: . of allowing for tatal leaf surface. The rates of Jszpositicsn sought o s~

KOS tests and the flow rates calculatsd to provide them were,. therefors, quits
o arbitrary but ware guided by results aczhiaved 3zgravieg about £fzur square

-y miles of forest ac Camps Drum, New York, in 1939 (See Section VI o€ the —

s} Supplement for details.) -




2 9 ) -y LGt Y
cve PR e R g e T T

B R

. oo te

P TYTENS

A 4 TR ¢

rmen e

-

R T A

smm‘nn-_». T A,

B S

m';;’t e R “"““”“‘xﬂﬁﬁt—w~ o

. - . - - Siga ¥
. AEEEN S . e
. . « e
. R . oL e T L T,
- - ST e - . Ve - B s E T -

. . 2w f N PR ey
Setaa Lt EA e e, e i T I - —

-

24

B. INSTALLATION AND OPERATION ' -
1. G-47 Spray Equipment
a. Description
The equiprent installed and ured in a VN C-47 aiéc:aft had been

used for sevaral years by a USaF Insect Ccatzrol Group at Langley Air Foxcs
Base. The tank bad a capacity of 675 gallons and was formerly used im a B-26

& bomb~bay fuel tank for {ncressi=gy raunge. The tank size is approximatel;

3 feet by 3 feet by 1l feet., A 3ainch filler pipe and venc pxpc gxtands up~
ward and to the ourside of the fuselage.

Coanected to the tear of the tank is a Marles self-priming cen-
:xifugal pump (Modal 2B2, 200~gpm cutput) driven by an air-cooled S-hp
Wisconsin engina. A 2-iach discharya line runs frem the pump to & T connec-
tica. Ona lima f£rom the T runs throwgh a valve and hence into the tank.
=~he othar line rucs through a valve to the cutside of the fusmlage at ths
bottom of the aireraft and honee to a2 Y o connect to the left and right
bocma. Tha two valves ars actusted by remote coutrol frem taz cockpit.
When oma valve closes the other opera simultageously. The pressure from the
Pump can be regulated only by pump and engine speed. No pressure regulator
is. incorporatad into tha system. The pump enginma i3 started and the speed
saf manually. A quick-dump valve is {ncorporated as a safety featura.

The left and right booma are li-inch (outside diamater) pipe
and 6ach has an cffective lengzh of 194 faer, Thav avm mounted om wing braces
and extand 22° inches below the lower wing surface, 7The two inboard 2pdz of
tha booms ara 36 feat apart, Each bocm has outlets f£or 22 nozzles, a total
of 4&.

The noz=zles usad wares Spraying Syscems B-10 Whirljet nozzles with
diaphragm checlk valves, The orifiece is 3/16 inch in diamesger and forms a
hollow cone pattern of 72 degrees when operated in a static spray testc at
20 psi (1.7 grm with water).

Soma miror difficultias were encountered during the {nstallatiom
of the equipment., The C~47 the VN were using was an older model than zhe US
C-47 from which the 2pray equipment had been removed. Some changsas vere

" pecessaery in the wiring between tha pilot's comtrol panel and the spray-valve

agtuating mechanism. Other chinges in fittings were insignificant,

b. Tasts y///

Recause of the urget{cy of the situarice {n Vietnam there was no:t
time to conduct tescs in the US with the €-47 and the liquid chsmizals to be |
sprayed. Tests to determine particle mass madian diameter (MMD), flew rate,
and per cent vecovery (maas depcsit) of the chemical to be used in VN would
have been highly desirable. Estimatsd dosage rates of the chemizgls to kill
large trees of unkeown speciea are about flve =5 ten pounda per seze,
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Previocus %ests with similar spray equipment and chemicals in
the US have had as their objective 2 small particle diamater and uniform
largo-ares coverage at despouit rates of one pound par acxe and less., This
application rate ia asufficient to kill maay ecounomic food and fiber crops.

Scma spray deposit tagts were conducted during April 13953 at
Beltsville Maryland with the C+47 and the apray equipment duacribed above,
The liquid spray material was DDT and fuel oil, which is much less viscous
thm the solutics used in VN. The recovery ranged from 59 to 86 per cent
for the six test ruus scadusted. The highest recovery was »btained from
the teat conducted under goot inversion ccuditions. Tae D sf the particles -
vas 165 microna. '

. The C-47 spray equipmant did not give the dasired or anticipated
effect at Chon Thanh (Test 2. Saveral factors ars respensible: the pump=-

- =ag system failad to provide ths pressure requized for the desired flow racgy///

The amount of pressura drop id the lines from the pump to the nozzles 15 not
known. The pressure at the pump registered 30 psi (the maximum) but at the
diacharge nozzles ir may have been considerably less.

¢. Operaticnnl Difficulties

Considerable dalay was encoucterad In getting Lo the tast site
en the ground becsause of lata arrival of equipment arnd of security clear-
ance to work in the area,. Thus, the spray rua was pot started until 1030
hours, when the mateoroiozical conditions were neutral or lapse. Hexes,
me=e of tha swallar dranlets may have drifted off the target. The wind
direction angled off the target by 10 degrees, arnd red indicator cards
shoved comsiderable drift of the spray off the intended target.

2. 143 Spray Tank

The 14T was designed to carcy chemieal or biological material
exterrally oz light piston- or Jet-enginmed aireraft.

Two 14B tanks arrived in Saigon from Iwe Kuri, Japan, on 1 August
1961, 7The two units had apparently been in stora2g= for sowe time. Thay
were corroded, wires were misplaced or missing, and a few parts malfunctioned.
US¥ Sgt. Helntosh displaved much ingenuiey in his efforts to get the units

funczional., By rawiring, interchsnging, and repair. of parts one unit was
made operacional.

Each unit has three msjor components: the nose sectinn containing

the high-prcgsure compressed air tank and concrol assembly; the center sece
tion contzining the liquid reservoir (90-gallon ecapacity); and the ctail .
section containing the discharge valve and contral assembly. it
) Operation of the units {3 controlled from the pilot's contrsl panel &
in the ccockpit. Three differenc flaw rates can be selected during £light. o
Bowever, for a flow rate sther than those present, the central wicroswitch in~2
the tail assembly can be adjusted and reset for any of several flow ratez. DO




»

i L ATV

[

.
P
g

Pt AL TR el

" boarese cminy

eyt

e

25

-

When the unit is funetioned, alr is fed from the air tank into the
centazr s¢ %tiou, (llquid resezrvoir) at 100 psi and liquid ard aiz aze then

directed out and around the spear valve and diffusion cone into tha airstzrean.

The unit was uounted on a VN AD6 aireraft and funutioned perfectly.
Parzicle MMD {s estimated to have been about 290 microus.. Previous tests
with the 143 revealed an MMD of 272 microns at 180 knots airspeed,-l?ﬁ microns
&t 360 knots, and 107 micTouns at 550 knots.

3. E=34 and HIDAL Spray Equipment

This equipmant was designed and fabtricated by the US Navy for use ‘en
rotor-winged z2ireraft to spray losecticidas. It consists of a 200-gallen
cylindrical tank located in the cablin. A 25~gpm electric pump, located at
the bottem of the tank, tranafers the liquid frem the tank to the booms,

which extend about 25 fee: out aal alighcly to the rear of the fugelage Ia
a delca dasign.

Each boom was equipped with 21 Spraying Systems T-jet mozzles. Ealh
nozzle had an orifice dizmeter of 0.062 inch and dalivered 0.6 gpm of water
at 40 psi pump pressurs,

Some malfupctions wars eicounterad during tha installation and opera-
tion of the equipmant. A leak develapad at tha bottom of the tank at the
cutlet to the pump, A brass elbow threaded iato a nylon or plastic plate .
did not provide a substantizl sezl. The plate was replacad with one made of
bras¢. 73The carbon vanes in che roiary vane pump brobe aftar a shorr rima,
They were replaced with vapnes fabriccted of nylon. The upper forwasd boom

- brace mounting eracked the fuselage of the alrcraft and the HIDAL systex was

grounded for several months. A bracing cable was installed in late December
to conpeet the left mount with the right mount inside the fuselage.

4. Buffslo Turbine Sprayer

This i3 a ground-operated spray rig that can be towed behind a ve-
hicle or mountad in the bed of a pick-up or larger truck.

A 36-hp Wiscousin engine drives the turbine and ths nylon roller-
type pump. The turbine delivera up to 14,000 cfm, the pump capeeity is omne
belf ts 30 gallens per minute at pressures up to 150 psi. A stainless steel
tank (100-gallen capacity) L{s used for the liquid reservoir..

In operation the linquid is pumped from the tank through s pressure-
vallef valve and into the small boem containing four liquid nozzles. The boon
and nozzles are located inside a £ishecail 2lr noz=le artached to the exhaust

end of the air turbips. The high-velocity air str2am br2eks up the liguid and
carries the particles 35me discanca away.

The particle MMD is said to be 75 to 80 microms. Although the particle.
are much smaller than those from 2erial releases, the effect of meteorolegical ::.

conditions on deposition i3 much less. The parcicles are relezs3ed ac ground

lavel and arz {wmnacted on the foliage rather then being wholly dependenc on
inversion conditlons for sedimentacion.
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1IV. TESTS

A. PERFORMANCE STANDARDS

Prom 10 August to the end of 1961 all chemical teat» in which the mater~
iala were released freer aircraxt were performed with chemicals of the 2,4-D
or 2,4,5-T type. These are well-known plant grewch regulators or vegetation /
control chemicals that have gained wide recognition and use in the United
States for killing vegetation.

A very important point is that, no natter vhac chemicals ve*e to ha
tested, they were to be tested as soon as possible, with the possibility
of being used on a wide scale to aid Vietnam. Therefore, a host of ocher
factors had to be satisfied as well; otherwise, any one of the following

factors could have prevented their use. Sene of the acre obvious factors y
were availability, cost, and safety to humans under conditions of spray
and handling.  ————= ooz

Ratings iIn these tests were recarded by adjectives and/cr estimated
percentages of effect as the situation allowed, bearing in mind the following
factors:

(@ Is the evidence sufficient to indicac-" chat the chemical has in
fact been reasonably well deposited on the vegetation? 3atter effect can
be achieved on a susceptible tree if all its leaves receive a few drops of
chemical as opposed to only one side or only the very Cop of the tree re-
ceiving all the chemical. In cM* connection, forma of the chemical known
as volatile esters ware requested subsequently in order to achieve -acre
uniform coverage within a forest canopy.

(b) Is tha vegetation in a stage of growth capable of responding?
Actively growing (not dormant) vegetation responds more quickly and thor-
oughly to these chemicals, whereas dormant plant-, can usually respond only
when they re-enter a state of active growth.

(©) Are the species encountered (although unknown) susceptible to the
chemical? Even the Soviets are having difficulty with Che unknown speci--
in North Vietnam, and they are free to roam the country (see reference
JPRS: 11373 dated 29 November 1931) as indicated by the following excerpt.
The title of this paper is "Soviet Botanists in Vietnam" by A. L. Takhtad-r -. n

“"As we had already known, in the democratic republic of Vietnam
there are yet no botanical institutions capable of organizing or
coordinating this study of the plant world of the country. 3otanical
research i3 performed mainly by the chair3 of various colleges and
universities; however, w_th the exception of a texthook on the
Taxonomy written by the head of the Department of Botany of the
Pedagogical Institute, La Kha Ke, unfortunately there are no refer-
ence books in Vietnamese on botany in general or on the vegetable
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- kingdom of Vietnanm in partisnlar. Thare i3 no-good herbarium either.
Therefore, {dentification of plants in Vietnan presents great diffi-
culties, and as a result, many Llmportant trees providing valuable

.wood, and also a relatively larges number of medicinal plants have not
been accuzately {dentified until the present tice."

At

(Additionally, the writer tock a special tzip to Singapore from September
28 to Octobev 3 in order to comsult wich Dr. Abbs, a visiting profesaor from v
the Universicy of Mizmesota who wa1 in Southeast Asia on a Fulbright Grant.
He had, he told me, 2 team of three collecting forest apecias in Scuth Vietnam
and in six menths' time this team made 14,000 coilevciodd. B3 eslimatsd pao- .
hapa 50 of these collections coula be identified 23 to genus only. g

: The resc -
of tha collection, he indicatad, would take severzal years to idenxify and vd

Bad

all of his samples wers dried, dead material aot capable of the vegetaziwe
propagation that would be needud in order to test chemicals. Neither did
ha have a supply of seed for thz¢e various species.)

(d) Has sufficiant time elapsed aftexr Sprayiqg for thes responses to

gecur? The length of time may vary from two to aix or eight weeks for wocly

vegetat’on, dapendirg on its scate of growth, inherant suszcaptibility, elc.
A given plant may, in fact. be dead (incapable of regrowth) for scma time

before it is really obvious and vice versa, that is, it m3y appear to be ’
dead and respmut,

(e) And {in Viecnan) was it possible to make obaervations of the kind
gecessary to evaluate fully the chemiczl effects? ,
engaged in a shooting, bloody war; therefore, any mevement within the coun-
tTy of persconsi wiir «xu thers to help them, though necucombatint, are gov-
erned by very stringent regulzacions.
that Intelligence has to grant permission in order to taka a read trip ary-
wvhere outside of Saigon., If Incelligence indicates that such a ¢rip would
be inadvisable, this becomns tha lzw. Even if Ictelligence indicatas that

it is all right to go, am arm=d escort is required to accompany tha tzaveler,
, advacce planning 18 rnecesazary to acquire

In oxder to make these ground trips
Intelligence permission and for arrangements tu be msds for a suitable zrmed
eascort. This 1is not a persomal cioice and i3 beyond the control or the

responaibility of the individual. Thus, opportunities for close imspezzion
were relatively rara. '

Rerember, too, that the greatest effect achievable or to ba expected
umder any circumstances as a result of chemical sprays may be roughly come
pared with the condition of a U3 havdwood deciducus foresc in winter. A
much better appreciatiocx of this condition, insofar as it pextains to in-
creased visibility, can be obetained by viewing such a forest with snow on
the ground, whether it is seen from the ground or from the air. Sucsh an
effect, 1if achieved, may be transitory, not because the "killed" vegetatiecn
come3 back to life but becaus: of seeds giving tise to new plants and be-
caude undarstory scecies that received sublethal quantities of gpray are
capable of growth ta £111 in areas formarly deminzted by che killed toees,
The rapidity of this regrowth will be dependent en the prevailing growth
conditlions and wculd be expected to be more rapid during 1 rainy seasen,

South Vietnerm is actually

Inclvded in these regulations is a rule
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The rating of effectivenass of the 2,4-D and 2,4,5-T chemical tests
is thersfora bassd on the above factors and 13 primarily concerned with the
killing effect of the chemicals, A4s tha kill developed to a maximum, ob-
servaticns were made in the best meaner available or possibla. It was aot
always possible to obtain ¢olozed photogrzphs because of light conditions,
rainstorns, other missions of higher priority cancelling pianned air trips,
or lack of communicrtion and/oz undszstarnding a2chieved with T pilots =3 to
positiona of the aircraft desired in ralation to the sun in ordsr to get the
best pictures, BEfforts werz made to tzka enough pictures =g that slides
could be fvrnished to the MAGRD-CDIC, to ARPA, and to Crops Divis.on,
Biological Laborateries. - .

The killing effect of the 2,4-D and 2,4,5-T chemicala should not
be confuced with "dagree of defollation or "increasa in visibility* as
such. It dees follew, however, that a reagsonable or high percentage of
ki1l of the wagatation. (irncluding roots) will ultimztely lead to a reason-
able or high dap=ea of improvemsat in vieibility despite the fact that in
transirion certain species may die but not drop their leaves. Nevertheless,
other patural cauges can bring about the falling of dried, dand leaves such
as high winda or heavy rzimz. In thla coozection a VN agricultuzral official
egtizated that undar naturzl conditions as many as 90 per cent of the jurgle
species do not ordinazily drop their leaves in concert in any given seasoan.
Thase leaves are draoppad only as their physiological condition naturally
datsrioratag, -

The action 0f cacodylie aeld (CA) in tasts datailed below requires
an approach of understanding that differs freca that for the action of the
2,4-D and 2,4,5-T chemicals. ‘CA appears to be a desiceant ia it3 acticen;
that {s, on contact wisi. the foliage In sufficient quantity, dryinz and
shrivellinz of the leaves cccurs relatively sooa compared with ths time
requized for this to occur as a result of exposurs to the previous chemi-
cals. Enviromrent and growth factors atfecting the vegetatioa appezr to
have a relatively small effect on the acticn of CA on the foliaga. However,
no tests with this matzrial ware exposed to heavy rain following application
(the material, called AMSAR, i3 fairly scluble in water). So the tests
with CA wers rated on the over-all ability to cause dessicration of the
folizge ocnly, It is entirely possible that even though all the foliage of

a substantial portion of the vegetation was dried, the implication thit the v~

vegetation was killed is not warranted untll conditlons for active growch
return., 7The rating of this chemical was, therefore, cn its effectivaness
in drying the green foliage.

B. VARIABLTS

In the tests that £ollow it should be readily apparent that many
variables are beyond contzol. Oace the spray has left the cozzles no con-
trol exists. Even the most exact planning as to:
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.Swath width and length, -
G:ound.deposicioh rate desired, : SRR
Amount of chemileal raguived,
Plow rate,

Particle gize range,\
Aititude,

Airspead,

Tims of day for inversion ccnditizpa and weather, and
Spraying tha ezea dssired (aimabilir)

can essentially be nullified unlass at least reasonable adherence to stan-
dards for these factors is {n fact obtainc-l. Many of these factors are in- p//
extricably related and one can naver be entirely sure of what has been
achisved in the way of performaccs of equipmsnt of equipment (especially 1f

i+ has nut been calibrated) or in spray dapcaition except by Jjudging the
over-all biological resulf., It is too fraquently impossible in judging thi:
rasult to pin dewm a single cause for failuze to achieve an-optizal effecr,

Cn the other hand, if the affectz is good, it Z£ollcws that all of these fac-
toras as well as a host of bilological faetora have been reasomebly wall mez.

To exenplify the above, progress raperts, menos, and other documents
are praszated (Sectioms IX through XI of the Supplement) that indicate the
impressions of the writer at the tima, or shortly after, the tests were per-
formed but befors the spray effect had davaelopel. It czn be eaaily noted,
for inctance, that for Test 1l on 10 August, the writer's skecch (Section X
of the Supplem2nt) of the sorayed area reflects whzt was planoned and was re-
quasted of the pilots. The writer was told by tha pilots that tha skatch
wis raasonmsbly accuratz., The VM Province Chisf, however, later presented
his sketeh of the sprayed area (Just after the missicn), which was proved
to be much wore accurate by aerlal observatiocu on 28 August and was go re-
ported after that time (Section XI of the Supplemant). It should be noted
that five psssengsrs were aboard the H-34, three of whom were VN. Ths sense
of curiosity is generally highly developed in thise people and the doorway )
of the B-34 i3 not large. Additionally,. the 200~gzllon HIDAL tank 1is . v///
earried internally oppoesite the dozz, Suffice it o say, ths writar's oh-

sexvations were made frem the fourth best available place of observation
snd Mr. -Johnaon hed ponm.

In regagd to Test 2, the reports written after spraying but bafore spray
effect was evident (Sections XI, XII1, and XI11l of the Supolemsnt) include an
unintencional deviation from the plan but reflects an effort to presenc the
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_faces with a convarsicn to linear distance based on the 2 minutes 45 seccnds

of apraying time at an air goeed of 120 miles per hour. The apraying tix
{nformation was supplied by Sgt. Roe and later Captain Cadori eonfirmed that
the £irst pass was made at an altirude closer to 125 feet than the 75 fz=2t
requastad, Bac2use the observer wz3 on the ground at the tima, ha was un-
able to talk with thz1s man uptil soma time (a day or so) afgar th:z spray
was delivered. . . .

The poin%- is made that i= executing these experiment;, where the writer
was regponsiblz and desirous of trying to coztrol the veriables as much as
pessibla, the flights were performed by otheTs. Although theix full coopara=-
tion and efforz was appreciated, variations could not ba pravented frca
affecting the operatica.

later, vhen the USAF "operational teoting” was performed (Appendix,
Part B), techpical zuidance leading to those "tests' csuld scarcely euntar
the echealons, much less influanee than. Ths USAT spray pilcts wers tho

. mgjor point of contact and weze as cooparative & they could be unrdar the

circumstapces but they, of course, bad to ba and vere respouzive ta USAF

- orde«s, Scma of these men had seem, and apprzcizted what they ezw, of ths

vegetation ¢concTol at Camp Drum, New York. This work is reviewzd inm a y&’
five-minuce movie with sound, A copy was left in Vicipnam and 2 copy was
forwardad to ARPA in early March. In this comnsetion, Sestica II of the
Supplexmant indicates the state of the art sa ¢f 24 February 195Q, and was
prepazed for {nformuticn in respomse to a quary origipating in the US Thixd

ATmy area partinment to a Fort Stewarxt, Geocrgila, vegstation problem.

" The teats dz=tailed in the Appendix had au their vltimata purpose the
{=provemsant of vixibility from the 3.ir and on th2 ground in the kings of
vegetation encountersd in Vietnam along rcadsides, in junglas, and ia man-
growa araas. The chemicdis used in most tesgs, and recomzend2d for largz-
scale use, ave vegectacion killers of the growth-regulating type. The impli-
caclion {3 inoherent that killed vegetation would allow improved visibilicy in
ons to two moatns and be relatively leoog lasting, depanding on the degreas of

. kill achieved. It had beza {ndicated vo the writer Before he leftr the US

in July shat tize for effect of the sprays to develsp waa not eritical

For general locations of test sites the re-der {s referred te the marked
map of Free Vietnam in Section XIV of tha Supplezant, Section VII presants
the chronology of taats in tabular form."
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It should ba nofed that other tusts were parformed in additicn to the
18 already listad; however, it wag not always poscible to revisit and obe-
serve results and the racord for these 1s thernfors incowrplate. In scma
inseances informal information was received coneerming these and {in each
case the response was favorable. Vord appeared to get around and this gave
rise to requesta from many areas for "testing." Obviously, thesea could =20t
ba allowed to interfere wis'y the scheduling of the major efforts, altacugh
Bubs Wara ascozmsdited 1f thew uere feaaible and couid contribute to the
rv.g9earch effort. Several were referred ta the US-VN planning ccmaictee for
consideraticn as to whether they should be included in target 'selections.

The major recoxrd of results coansists of colored slides, geveral of

. which ware diztzribuced soma morzhs ago. It i3 planned as soon as posaihle

to malkz availszbhle duplicate seta covering the entire pericli. A reasonably
complete sat hos bacn a2rrTanged .nd left with MAGRT-CDIC, .

In econsction wi%h tha one e-rial spray of cacodylic acid (Test 13), \\
the writer could not in ccnscianca recommend unlimited use of this material’
for spraying jungles or roadsidas at ten pounds per 2cre lLacauze more Te- |
search informaticn is needz2d on duration of effects, safety of handling, j
ccaparibility witl gystexms (cha wmaterial is corrosive to brass; the HIDAL / ,
has a f£Zhsr glays tank and stainless acezl booms, buf soma brass connections X
and brass nozzles) and, most important, toxicity to humans and animals {
eithar by contact, inhalatinu, or ingestion. To the writar's koowledg= this
tast wag the £irst aerial release of this chemical aanywhera at rar2s of thia
wagnitude, Toxinity test informatica by otharas Lidicaiez that this m2seriz?
i3 legs toxic thaan DDL. Its acticen on foliage at this rate appears to be

" that of a degiczar=, with little evidencc of gelectivity among the unknowa

jungle apecias that weTe asprayed. Ahout one month after spraying there was
scmn evidenze of mew leaves appearing on certain specio~ whers the oid

foliage which had been sprayed was totally brewn a2ad shrivalled, or had
fallea. '

Although the sprays delivered under USAF coutrol were pot the official
responsibility of the.writer, {t is unfortunate that ceitain techaical aa-
pects partipunt to the spraying could not be comruanic:stad or, if coraumicated,
appropriace appreciation appeared lacking.

For inatance, the chemicals had been represented by the writer as "waga~
tation contral agents® or “vegetztion killers' and not "defollants,'" et on
17 January (sfter sprays by the C-123 equipmert on 14 and 15 January) a Wi

letrar of protest was recedved froma a rubber plantation e¢laiading thac §C,C00 , -7

tubbs:: trees had been killed. This seewm=d to surprise all ccncern=d. The
writer was approached afcer the fact, yetf he had not knowmn which parcicular
targecs had been selacted for spraying. Otherwise, hs could have advised
againast spraying Jjungle In pr.ximity to a rubber plentation. (In <his
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connection, it definirely appears frem the evidencs availabie that the
plantation was rot directly aprayed, but the concentratiocs 5L vapors frea
the chemieals was sufficizatly high to affect the rubber trees when the
prevailing wind reversad direction.some four or five hours after spraying).
Many tizes; extrems cars was uvrged by the writer boch on target selacticn
and on spraying to avoid areas kncwn to have such czops as citrus, rubbez,
tobacco, baaanas, gwaes pctatwas, manioc, papyss, grapes, malons, ries, and
the like. DPerlzps this instanca served an egensive bur useful purpesa in
making the point., Mzay of these crops are far more sensitiva to the apray
or its vepor than the varicus unkuown jungle species appesar to be.

Another instamee {3 that the ¢-123 equipment had not beea calibrazed
for soprayinog the relatively viscous materials for which {f was being used
for the firsc time. This need was peinted ocut ro<veral times to several
people; ceverthelesa, the system was s3Cill not calibrated when » second set
of targets was sprayzd in mid-Feiruary.

The omset of the dry season rezched proportions toward the end of January
that prempzad 2 memorendis to the Chizf, R&D Division, on 29 January (Se :ion
X7 of tha Supplerznt). This memorandum was brought to ths attention of MAAG
G3 the following moruninz. .

The dry seasca markadly curtalled grcwth of upland speciss by the end
of Janusry. Heowever, thare wire arsas spraysd by the C-123's in the middle
of January waere very geod effecis vere obsarved, nazely, in two mangrove
areas whers lack of water did not limit growth, 3By mid-February lirge areas
of mangrove wers leafless,

During this zssignment the writer was subjected to many preconceived

. uotiena and misconceprions frem others on the geozral subject of '"defoliation.™

L P

Bome fult thar 1f "dafoliatien” did out remove the treas oc cause them

to £all, the rescarech vzs ugeless -- either total visibility cor none. OQthers
were intermediate in atcitude, granting that vertizal visibilicy would be
impruved but uraldle to visuallze improved horizontal viaibility, The ones
who said "any inereasa in viaibility would be wocrthwhile" were those vwho
were faced with fighting {n decmge vegetaticn or being ambushed from iz, or
pllots or =zerial photographers who necded to see downm thrsagh fe. (It

should be noted thslL successful enemy ambushes have been ctnducted without
firear=s in hand-tc-hzrcd coabat.)

Progressing i=om "“defoliation™ (an all-purpose-defsliant has yet ts be :
diseovercd) to "vegetatica central® (killing the vegetatisn) seemed beyond .
eomprehension for soxe, and when it was stated thart two £o six or eight '
weeks might be required for a zajor improvement Zn visibility, the reacticu
w53 modt nzgative. That the French spent huge sums of money unsuccessiully
fightiag for several yzass an enemy chay cculdn't see in the jungle mz2da nc
apparznr differencr. Tha current cecniilct does nast seew: ¢ be nearcinz a
successful conclusion; on the contrary the intensity of the cenflict appez. -
to be irzreasing. Tnder these comditices Lt appezrs that the combat succes:
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e . of friemdly forces should be sxp-ditad if possible by improved visibllity in
. ES fighting arsas, or by expoding encmy roadsids ambushes, jungle trails ot
N = buses if that improved visibility car be feasibly provided. Unfortumacely,
T : the rainfall maps (Section XVI of the Supplerenc) were not available to the
t . writer befors the ground obser’atiou trip on Routae 15 oa 26 Jacuary (Section
<ot XV). Searxchas for othar technical litexarure had been so digappoiating that
ir did not 3een posaible that rainfzll w2ps would be awiilable., Neverthe-
less, the dara they cortain for the dry months of December through February
. certainly indicate that growth-regulator chemieals would have their i{mpadiste
‘ action Impaired to a mazked degres. Soil molsture conzinutlly diminishes,
. : « with only eme inch or less of raim per monith on the average for large areas.
. : December had some resideal moistrre cazry-over from November and (etuber,
i but January and February show excszedingly dim prospects for active growth,
Thus, the 1SAF spraying was ccarted in upland a<eas during the vworst tims
of the whole yezr (mid-Jznuary) irom thz standpoint of Immediate chamical
- i effectivensus., Bacauze a high percencage of the jungle speciss do not ordin-
’ T arily drop their leaves at 2oy given timt in tha'year (acwording to the YN
§< authority listed in Paragraph 4 of Section XV of the Supplemznt), = disztinet
K po3sibilisy exists that the action of the chemicals alreaady soravad will
. beccre obvicus where conditions azain faver zrowth. Mangrove areas along
) Rouce 15, whers lack of water is noc limicing, ware successiully ssrayed in
the same periocd (mid-January) aad exeallent r.3sults w:re apparent in two
weeks, with a very high peicentage of tha sprayed mangrova denuded in one
month. :
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LD ’ VI. CONCLUSTIONS

In relacion to thz work reported haxe ir i3 concluded that:

1. 1Ia general, with regard to the total program,

P Y e L L T T IR I
.

. a. The chemicals rezczs'aded for uca, namaly the esters of 2,4-D b,/)
and 2,4,5-T, are sufficiently accive to kill a majority of spse=iesx en-
ecuntered ig Vietnam if:

J ) (1) They are aptiled pzoperly to the vegetation

-+ {2) Thay-arz applisd during .a period of agtiva growth of ths
vegetation. ’ )

b. Coler photegraphy i3 the best means of recording the effects of
sprayed chexicsals, but even the best picture can fall shert of belng fully
dageriptivz. '

2. In regaxd to the research work coanductad during both work ;ariodi.
it can bes coneluded that:

a. Chemicals ~f the type being ured aze fully effective only when
the vegetaticn i3 in a period of agtive growth (See Sacticns I, XV, axd XVI
of the Supplemant), Lack of rainfall in the period betwesn Decembar and
Pebruary induces a state of dormancy, 2o g, rayilng should be curtailed during
this pssiod. Spraying of wangrove or other speclea growing vhere water is
plentiful cculd continue.

b. Chzmicals of promize have bhegn rogvad auzeesafully on a small
scale, but more informaction concernins their use must be obtained tazecugh
additional reczecarch (See Teats l4 and 16 {n the Appandix), Extra~-contin-
ental and in-ho:sz research in this ares should continue. Especial atzen-
tion should be paid to cacodylic 2cid as one of the imeediately available
and premising candadates. Furcher testing with Diquat 1s indicated; how-
ever, this product i3 currently available oculy in restricrad quantities.

;?f?if v ' e. Teshnical informatior must be includad in effective deciaion-
SN making. Its lack may tesult In ineffizient use of chemicals or may have
-1-.:1;ff sericus economic or public hazlth consequences (See Appendix, Part B).
:j;;:rf?- . d. Incorporation in the HIDAL and the C-47 spray svstem of a flow
BT A meter showing rate ¢ flow (gallons per minute) as well z3 the gallonage
e, sprayed would be a useful dewice in spraving ligquids of varlous viscositic..
,_‘7-,;_‘_ - Calibration of these systems with tha chemirals ts be usad is desirzole.
:h::_" . ‘ * Sea Sactions I1, X1II, ard XV of the Supplarent.
L. .- e
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e. The EIDAL,equipment can s2rve & vsaful purpose, but ¢ould ba im-
proved if 1= had a higher flow rzte, espscially 1f such higher flow rate
could be adjusted for several rates for dispsnsing solutions cf various
viscosities (See Anpendix, Tests 1, 13, and 14).

£, The C-47 system eculd be mads useful i€ it wara rez.engineerad
to provide greatar versazility in spraying szdaquata quantities of tha re-
quized solutioas (Sez Supplement, Secticm T.).

g. The 143 spray tank would be of greatar ura Lf {& were simplex
and more easily acgemblad, checkad out, and operatad (See Appendix, Tast 2).
" k. Contiaucus apray beoms for f£lived-wing aireraft (across aad umceiy
the fuselage) would allow greater fresdcn of choilee of altitude for spray
raleases (Saz Appendix, Testa 7 and §).

3. In ralatiom to the cperaticeel portion of the second work phasz 23
eenductad by thz USAT (Ss= Appendix, Pert B), LIt can be concluded thaf:

a. 7The recimmendad chomdesl)n will vork effsctively, as demonarrated
by tha twe opzvationzal tests c¢n mangrove that ware accively grouving {n swanp
ar=as.

b, Ths chemical effect i3 sarigusly linited by dormzncy in vegataticn,

as evidenced by four opzrcciomal tests on uplard vogecaticn that wa: dorzant
becauge of drought (Sea "upplement, Scetion XV),

¢. The C-123/Hourgless system should ba calibrated for spraying
the recommended zaterials. 2Additiomally, the inclusion of a flow rate wmatar
in tha aystem woull calbanca it3 experimenial and operztisnzl use feor solu-
tions of differenc vigscosities (See Suppleaz-per, Secticm XV).

d. Operationnl tegts with uncalibrated equipment can providz oaly
minismuxm information bagzusa applicstien -ates reeain uncereain, Thus,
logistic and operatiomal factoys for future operations canmot be predictid
(Sea Supplermene, Sa:ztion XV, and S<ction IV, B of this text),

e. Operational tests must be guildsd by adequatz techrnical advice
until operaticnal el:maats azhieve 2 higher degres of familisvity with the
wmateriils and the efiects of slimate, vege-ation types, 2ad assoclated
factors (Sz2e Supplexzeac, Sectiom XVII).

06
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VII. RECOMMTNDATIONS

-

On the basis of the work done in Scuth Vietnam and tha resulting cozelu-
sicns, it 1s believed thzt cthe following recomx2ndations zerit caraful ceon-
sideration and implemantztion.

1. That the use of appropriate formulatisas of 2,4-D ard 2,4,5-T be
exploited for ixmadiate usa peodiag developmant of more active and rapid-
acting chemicals. Simeltaneously, explora the passibility of enhaiicing ths
effectiveness of these formulations by suitable addiiives.

2. Thar research wark be condusted towara fiading-mude supid aciizg ==nd
effactive chewmicals for defoliation and plant killing.

3. 7Thac thess chemicals ba screenzd in areas such as Vie:nan,_rh;iland,
or other eountries wirh similar vegetational types, as well as in :emp=r‘
areas, bacawaz of the wids variaeion In vegetatien rasponse dapes-ing upon
gpecics, clizate, and other antocelated factorz. The requizred resaarch
could be pexfor=:zd with less interferencz in a country at pezce.

4., That both the excra-continental resesrch and the sereealng prograxs,
as well ss azy future oparational tests, be guilded in all stages by ccmpa-
tent technieal advice. It {3 naecassary that these techaical advisors be on
the sceae and that they have a major voice in decisicna, This 13 esgpecially
important when tha sefety of esonowie erops, possible toxicity, and validicy
of sciencifis duta are comverned.

S. A tachnically qualifisd civilian staff be developed for this in-
ereasa in effort. It is gurrenclv aszfmeted that a ninimuwn of 12 civilians
is required, supported where n=czssz2ry by 3o adequate number of zilizary

. parsonnel, {n order to haadle all phases ¢l the work lacludiag i-~houss

acreening, contract monitorinz, and teac-site oparations,

6. At each test sita the research should ba comdrceted under the direct
supsrvision of a civilian sciencist supported by a staff compesed o< at
least three technically train-d civilians and 2 sufficient numbsr of mili-
tary persconal to supoport the efforr. The lack of an adequate-sized tach-
nical staff hampared the acccmplishmene of the: research ObJEF:iV°3 in Virt-
nam during ‘the resecarch phase and prics to USAT spray operz:iomns.

7. Thowougihly evzluated cacodylic acid and Diquat, two promising can-
didate agentz, as scon =5 poseible In order to exploit their potential.

8. That.the HIDAL be re-ergineerad to provide i-zressed flow vates
as required to achirve adeguate deposition of the rnecessary chamizals and
that provislion be {nuocrperated to adjust £low raftes as necessary.

9. Accurztely and completely cnlibrate all spray devicass prior %o use
for flow rats, droplet size, ete, using the actual chemical solutions or
simulants with identical physical prap.-rtias,

Rl Ty~ 1 PRI R RS
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10. Provide a yrofessinaal photcgraph%: to record results of tests

11, Asczign a heliccp:af end a light airzczaft (L-20 cr similer type),
canplets with operaticnsl and maintenance erewsg, to the eiviliiu scisatiat
in charze for use in spray miscieng and for aevial chaarvaticna of resules.

12. CQContinua to improve diszaminating davienz for both aerial and
ground use. .

13, Includa tha givilian scizotlst in chsrze in all deciaicu-making
discussions pertaining to usa of vesatational sprays.
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APPENDIX
A. DETAILS OFf TESIS
1. Test 1
a, Descripcion
Date of Spray: 10 August 1961, about 1630 houzs. .

Place: Roadaids areas north of Rontwm., Yhe vegztation con-
sisted of relatively dense uplacd foTast spaciss with tzsas from 10 to AQ .
feet t2ll; species unknown.

Chemical Sprayzi: It was planned to spray Dizmoxol for deposit
rates of one amd two gallona per 2cre (four and eight pounds per acTe).
This was te be accouplished by overlapping a2 portieon of two separara swaths,
Degpite tha plan, thz follewiiyg wos achisved, A total of 52 galloms of
Dinomol was cprayed f£ir an estimated swath width of 270 f=at, laying separata
single-pass gwaths on ench side of th2 rcad with no overlap, Daposited
evenly over a 200=foot ewath, af one gallon per acre,” 50 gallons of chemicl
could be shrayad for a distance of about two miles. Meazurexsnts of tha
arca actially sprayed wers irpossible to obtain, | )

Equipment: H-34 helicopter equipped with HIRAL (Eelicepter
Insecticide Dispersal Apparatus, Liquid). .

Plow Bate: Azcording to the litevaturs, light oil ;prays are
uncd, the swetam {a relatively fixed for delivering ome-hzlf gz2llom of spray
per acra 1£ f£lown at about 50 imots 2t an altitude of adout 75 faez, Ocher

.rates are peszible by varying airspeed and altitude or spraying the saze

-

suath tidce, bui little data were available for adjustsmint. The pummp proa-~
sure was 40 pouzads. ¥’ th leas viscous liquids & £low rate of ‘about 25 gal-
lons psr mixute has beea obtained. :

Alrspeed: Raquestaed 50, obtained 45 knots.
Alcitude: Requasted 75 feec, varied betwasn 50 and 10V,

Wind: Crosswind very light from the west, estimated at less
than 5 kuots.

. Weather: Qvercast and clondy. A rainshower was obsarved a
mlile or two ezat of the area which, the writer was infor—:d, later passed
over the sprayed araa,.

Observation Dates: Aarial fiyover, 2% August; ground trip,
11 Octoter,
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b. Results

Vary good to axcellent effects were obsrrved on 28 August, thke
area belng visible from the air on approach from a distance of zbout 5 miles.
No evidanca was otserved of overlanplag swaths, aeT wers the swaths of equal
langth or adjacant to one ancther alecag tue zced. Tha vegevazion showed
claarly that leaves were turning broua.

It {s estimated that 70 ;ez cept cf tho treas were elther dezd «7
oxr dying on 1l Ocrtaber,.

Ce Discussion

Itk.was not possihla to obgsarve the results of these sprays with
gractar fraquoncy beciuse of sevaral interfaring facters. Tha site was
aulte d{stant aml ccomrmications wers intzrmittent at best; thus arrange-
mancg for ground sacurity wers difficult for tha VN to maka, especially
whan V& (enary) aczivity was faitrly frequant and olften extensive. {n chis
regicn, . The ajratrip st Rontum was cften closed for relatively lonmg
pericds bocausz of the rainy season.

After the spray mission tha ETDAL was groinded because of dawage
to tha E-34 fuselage. It was mor unt?l 12 January 1962 thst it wag used
again. Ita parfurmanco cn three teszs (1, 13, 14) was aﬂchllan* as judged
by the results achievad,

Pigures 1 through 4 shrw the requlPs af Tect 1 two mozcha after

tha readaida norch of RKomtum was sprayed wilh Dinozol with tha EIDAL and
H=-34 halicoptaz.

* Referznce: I Weekly In:elligonce Dioest," 0. &.-81 of the Pacific
Command, 20 Qet 13961, pages 8-10,
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