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FOREWORD

This conference is the first of a proposed saries of conferencas to
' bring 'ogether all contractors and government personnal who are working
(n support of tha Defoliation Program for the purpose of summarizing
findingn, dimcumaing psoblams, and exchanging ideas, The combined efforts
: of industvry and government in dissussing problams of mutual intarest and
axchanging tdeas could result in (a) a Cxssh Apoproach in solving problams
and {mproving pregrams, (b) new potential harbleidss and chamleals of
apecific value to the military program, and (e) new somnarcisl products for
future mavkats,

This maating enshles induatry to kaap Abraast of our in<house lusle
pasuarch activities, 1t provides access to wclentiflc paparv and dava not
yet publishad, Tt enables government permonnel Lo vadefins tha ol )ectives
of the Resesrch and Development Program nn dafollation,
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Progreas bn aynthonts and avalustion of defoliant activity of new
chemicala ia rav,swnd hy cuntraccors aff1iated with the derefiation program.
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1, IMPORTANCE OF DEFOLIATION IN COUNTERINSURCENCY OPERAT IONS

General Fred J Da lmore¥

Colonal fasto and Gentleman., 1 consider this really an opportunity to
be with you today, for swveral reasons. First, I think that this mesting
will allow all the people who ars engaged in the program to exchange ideas;
and secondly, parhaps in this exchange of ideas it will then bs possibla to
proceed on a straight line so that wa can achiave our objectivas in a more
efficient mavner and in & shorter time,

Whan I heard of this particular meeting with Dr, Minarik and Colonsl
Casto, [ falt it so important that I flew in here this morning to see you
and talk with you even though I must fly out again this morning to taks
cara of other things back at headquartars. I will not be able to maet ysu
individually now, hut I am going to try to come back hare agcin this evening
if I can,

Now. why do 1 think that this program is exceedingly timportaut; why de
1 meke sc much of it? 1 had the opportunity of saeing firsthand some of
the work that has been done in Southsast Asia. 1 spent f£jlva months {n that
ares in connection with this program. I sew firsthand what this particular
andasvor can do and what its potentials are for the future, and I was also
abla to judge for myself what Lis still neaded in order that some of thesa
potentials may bm axploited, I will try to give you these on an unclassi-
fied beasis,

As long a8 we have known war or conflicts in the [ield, one of tha
principlus of these sngagemants and conflicts has heen "cover and conceal-
ment,'" The soldier learns early in his career to take cover end to concesl
{f he s to accomplish what he has set out to do and save his own life.

The tactica of World War TI gradually seem to ha going into the past, a lot
of tham, and nrw {deas and new tactics ara coming Lnto vogue, in which the
gutrrilla type is of great importance. All you have to do is to piek up

the book written by Dr, Fall, "The Streat Without Joy," whirh {nvolveas

Route L, the mein highway from Hanoi, North Viatnam, all tha way down into
South Vietnam, and you will got some Ldaa of what all thess guarrilla tectics
wr~ 4bout ., However, even {{ you read this and siudy {r, and you study (¢
again, you will find that the tactics that are haing usad today ara a Llittle
bit different chan those being used in the Franch Indochina War, Whan South
Viarnam hacame fnvolved in this present situation, one of tha things thay
had to face was ambush, All the way on up through '59, '60, and '6l the
ambush wes on the (ncreasa, and it became so desperata that the government
turned to sny means possibla in ordar to he able to copa with this particu-
lar situarion, We assisted the government of South Viatram only {n advice,
srd agaip to supply soms of the materials in zountering these smhushes,

A——— U T e Gy om A Db i

A eommerdirg Cenerel, ULS, Army Edgewood Arsenal.
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Considerable research has gone on in these laboratorias in the use of
chemicals that could attack vegatation in order to preclude concealment.
Some criticism resulted from the use of these chemicals at first. Wall,
parhaps with anywhere from 30 days' to 60 days' time required to do tha job,
and the high amounts neaded, the cost perhaps was high. The paopla in the
field bacame impatient and certainly could not wait for 30 to 60 days to
destroy the cover and concealment of these guerrillas, and some criticism
resulted. We waere able to dispal a considerable amount of this misconcaep-
tion by bringing the program back into proper perspective last year. How-
ever, the need still exists for hetter agants and this is the reason that
you are mesting hare today. The need still exists to get herbicides or
organic~type compounds that will do the job in a quicker pariod of time
than we are able to do at present. The man in the field would like to
destroy concealmant in a matter of hours. 1 am not going to say your objece
tives are hours and I am not going to say it's days or whatever, but it
must be shortened if thea program is to succeed for future oparations. And
remember, today we are not engaged in a war in Southeast Asia, we ara only
advisors assisting that country to carry on, but tomorrow morning perhaps
we may ba engaged in similar type operations, not ovar there, but parhaps
{n some other part of the world, Wa never know when this is going to happen,
We are in nead right now of chemicals that will do the job at an earlier
time, and in a quicker period, Now there is no question that field commandera
will accept somathing that ran destroy cover and concealment for many reasons:
for anti-ambush, for spot firing, to clear lanes of fire, to expose logis-
tical installetions, or for many other uses. But he needs it, he wants it,
but not in the present state. We must have an improvement not only {n the
ingredient but also in the type of dispersion that is involved,

Now this is another part of the story you are probably not involved in;
the hardware part of thie thing., I don't know. You are involved in the
ingredient that will bring about the results, and this is the important
part, We must get it so it not only acts quickly, but it must be logisti-
cally feanible, The toxicity gets a great amount of play., This is a big
problam, The problem i{p to make sure it is perfectly innocuous to man and
animal and at the same time, will do its job. But I leave that to you paople
to reach this particular objective. The know-how of this country in baing
4ble to solve this problem perhaps is located right here., Whather you are
a sciantint or whether you reprasant one of the industrial concerns, 1 fully
racognize that on the part of industry there are certain proprietary rights,
Thare sre certain secrets that for competitive reasons and many others, you
don't want somebody to know about. I fully recognize it. [ had hopad, how-
ever, that this would be minimized; that you are in a position to really go
the limit among yourselves in order that this problem may ba sclved, Today
this country (s not at war, 1 hope another war never comeas, However, we
may be engaged in one somewhere, someplace in this world, where an American
soldier will have to fight. That American soldier deserves the best of any-
thing we can give him in order that he might survive, and win, s0 as to
protect the freedom of this country as well as all of this entire freea world,
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The capability of destroying cover and concealment to defend against and
fight off guerrilla and other types of tactics is absolutely cssential, 1t
is generally agreed, and we will certainly endorse it, that tha use of
chemicals can play a big part in being able to defeat cover and concealment,
Howsver, certain things must be recognized. The systems, to be fully
accepted, must have something that will act more rapidly than we have now.
It certainly must be more logistically feasible; the toxicity must be taken
into consideration; and the cost, because it will be in competition with
other systems. There is a big job ahaad. These laboratories have been
given the responsibility to coordinate and to carry out this particular
research. They have engaged you and made you part of this team. 1 hope
that in the near future you will be able to come up with some sort of answers
on this problem, I am not in a position to engaga in technical discussions.
We have plenty of technical psople here who will be able to do so. Parhaps
six months from now we may be able to call a similar meeting, and be able to
discuss progress that we have made., In this progress maeting I am hopeful
that we will be further ahead than we are today in the month of July, 1963,
We will give you all the support we possibly can, All we need is for in-
dustry to work with us. Dr., Minarik, I am going to turn the meeting back
to you, and lots of luck, Go as far as you can without committing vour
companies or giving away propristary rights or your really deep secrats,

but we must have some answers. Thank you.
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1I. U.S. ARMY BIOLABS DEFOLIATION PROGRAM
A. K. Haywardw

It is my purpose this morning to try to establish & broad but systematic
frame of reference so that the subsequent discussions you will have today
may £it into this general pattern, Historically, our interest in defoliants
and herbicides began with the establishment of Fort Detrick in 1943, 1In
1946 much of the work in this area was published and the June issue of the
"Botanical Garette' was devoted entirely to a serias of papers published
from Fort Detrick. Work in this area has continued since that time and,
while the program has sean both good times and bad, it is today enjoying &
higher level of support than ever bafcra.

General Dalmore has stated some of the objectives and some of the prob-
lems that pertain to this program. I think it might be well to repeat some
of the things he said bacause 1 believe they deserve this added emphasis.
First, it is obvious that success in this program would allow us to do scme-
thing about the problem of cover and concealment, When we clear vegatation
from roadsides, railways, and canals we substantially reduce the opportunity
for ambush and thus allow our own oparations to proceed in a more timely
manner, Defolients would alsc be used, as Genaral Delmore has said, to
demarcate boundaries. I don't know if you heard the radio this morning, but
two Amarican soldiers were killed by ambush in the demilitarized rone in
Korea, Maybe {f this demilitarized zona had been plainly marked by defoli-
ating a strip perhaps 200 meters wide this wouldn't havae happened. At
least, it would be obviously silly to accept the usual aexplanation that the
attackers wera lost and thought they were within thair own boundaries,
Successful defoliation could be used to clear gun omplacements, opsn up
fialds of fire, mark areas for bombing, or test whether or not a particular
ares was camouflage or actual vegetation,

Lat me turn now to some of the technical problems that wa face, 1 am
quite sure that T will not atate all of the technical problams, for I am not
gifted with parfect foresight. To borrow one of the quips of the gantleman
who will follow me, 1 am ar appointed official, not an anointed one. 1 can,
however, describe some of the major problams and the firat of these would
be our raquiremant for agents that have a broad range. We will naver know
precisely what type of vegetation wa may wish to defoliate and so we would
like to have materials that will take tha leavea of{ of the vegatation in
rain forasts, deaciuuous forests, coniferous foreats, and almost any other
type of vegatation one could name, Whether these materials are true defo-
liants, whethar they are herbicides or desiccants, does not really matter
greatly but they should have & broad range.

* U.S, Army Riological lLaboratories.
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Secondly, we naed materials that will act rapidly. As Genaral Dalmore
stated, it is premature at this time to say that thesa matarials should act
within an hour or a day or some other finite unit of time, but wa cartainly
want them to act as rapidly as possible, I know that this factor will bae
discussed in more detail later and I will say no more about it at this time.

It goes without saying that the materials must be applicable by ground
and air spray, that they must be logistically feasible, and that they must
be nontoxic to humans and livestock in the area affected. Not only should
these materials bs nontoxic, but it seems to me that it is {mportant that
they not have any cosmetic effect. If, for example, a material had a marked
red fluorescence and a number of people ware obviously stained hy the material,
then our enemy might derive considerahls propaganda value from this fact even
though the individualas were not in any way injured by the material.

In a vary real sanse, this program in defoliation is a little bit uniqua
with respeact to the usual military-industrial collaberation., Ordinarily, in
military R&D we have & military concept that leads to the atatement of a
military requirement, teachnica! characteristics, performance spacifications,
and other strictly delimited aspacts, In this program wa do not hava rigidly
specified characteristics. 1 have stated some of tha broad requiramants
that & successful defolriating chemical should have, but within this general
framework we will accept and use materials that will do a job for us., 1In a
few years it may be that we will come up with more definite specifications
but at the moment we simply solicit the assiatance of you gentlaemen in
finding materials that can be used successfully within the reasonahly broad
and genaral guidelines that General Delmore has stated and that I havo rea-
peated,

It has bean both a plaasure and & privilege to speak to you gentlamen
this morning. I know that T speak for all of us who have responsibility
in thia program whan 1 ssy that we are most gratified at the very wonderful
response induatry has shown and we are confidant that your i{ntavest and
your capability will lead to success In this program.
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111, DEFOLIATION CONTRACTUAL_ EFFORT

Alex Smallbarg*

A. INTRODUCTION

There are threa areas in this contract program [ would like to touch
upon briefly because I believe they may ba of interest and benafit to you:
(a) the importance of our contract program, both to the Government snd to
you; (b) how we have organized this contract program to bring us where wa
are; and (¢) what I believe lies ahead.

B, IMPORTANCE OF THE PROGRAM

The pravious speakers have already told you of the importance and urgency
of this program to the military. 1 would like to add that coupled with this
urgency and complexity is our military objective of being second to nona.
This is & tall ordar for all of us = it (s & challenge not only to the
military, but also to industry. It is & challenge that demands our best, it
demands your best = nothing else will do.

Our contract pr%gram>allo offers meny incentives and advantages to in-
dustry, The contractor motivations to participate in military R&D contrast
programs are some mixture and combination of patriotic, scientific, and
economic impulses, 1 am certain that General Delmore's remarks will kaep
the patriotic incentive spark alive, On the sciantific and aconomic fronts
our program provides several advantages,

(a) It gives each of you a preview and insight into future related R&D
contract programs.

(b) lt wnahles you to maintain s satlafactory position with othar
organizations that are doing similar work 4nd to evaluate your own
capability with theirs,

{(¢) It givas you tha opportunity tou attract highly trained seient{fic
pors el oy affering them a sclentifie ard 1ochrfesl challenge, 88 well as
tr traln sthar personnal for subsoguent Covarnment programs and/or relnted
commereial research,

(d) It permits you to keep abrasst of our previous in-house acsomplishe
ment s ond glves yvou the opportunity to visit our laboratorles and ohserve
the ac{err {{le work we are doing and the xpeciallzed techniguas end sclen-
ti1fi wqafpment we are using,

Ty

MUS, o, Binlogical Taboratories,

LR R S

Best Available Conv
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(e) It also gives your sclentists the opportunity to gain access to
current ressarch data that may have been assembled in Govarnment reports
and papers but may not be published for several years,

In summary, this program offers you cpportunitias for crasativa and
challenging work that may lead not only to the solution of military problams,
but to naw knowledge leading to new commercial products, [uture markets,
and ultimately high industrial profits.

C. ORGANIZATION OF CONTRACT PROGRAM

In organizing our contract program thare were several aspects that re-
quired careful consideration. At Fort Detrick, as I am sure you recognize,
we do a great deal of creative and skiliful work, Frequently, howevar, we
do not hava available the necessary manpower and facilities to do tha entire
Job within the neceded time frame. We must turn to outside organieations
such as yours to research, develop, and produca our highly spacialized
items. This calls for a military-industyy contract partnarship and damands
of industry its ability, creative ideas, facilities, and the compatenca of
its scientific and engineering disciplines to achieve the results wa nead
in the shortest possible tima.

Our previous contract budgets in this area, particularly during the
period 1959 to 1962, were practically nil., The dollar support for our {in=-
house effort was only a little better. We were faced with two major prob-
lams: We could not suddenly turn on the contract faucet and turn to one,
two, or threa contractors who had already demonstratud their special compe-
tence to us under any major contract program, nor did we have the total ine
house professional competenca to monitor and evaluate & wide and dynamic
contract program. During this prior perioed, Dr. Minarik did an outstanding
Job in keeping the industrial and in-housae interest alive.

In 1962 wa Lnvited essentially the entira chemical industry to Fort
Detrick. We briefed them on the tachnical and contract aspects of this
program and solicited their participation., The industrial interest was
vaery high throughout and the response vory good. It hacame cloarly evident
that the procurament would be a highly compatitive one and that the salection
of tho contrsctors conaidared to ba bast qualified to parform the contract
would be a vary difficult decision for the Govarnment to make, The pro-
pouals wera avaluated in an objectiva, impartlal, and thorough mannar hy a
group of highly qualified Government scientists and consultants who werae
ospecially selectad for their proficiency in thia area. It was clearly
recogniznad that a great deal of highly important capabilities existed in
numerous outside organlzations, The line between thore salacted and those
not selected was a very narrow one., We are thersfora keeping the procurae-
ment doors wide open to all highly qualificd organizations, and tharw are
many, to anable their futura participation in our program as their future
interest and capablilities may dictate,
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At the onset of the contract program, it was immediately recognizad
that there would ba & dual competition. The first would be the competition
to obtain the contract; the second would be the competition batwsan tha
selected contractors., Each contractor quickly bacama aware that the con-
tract itself offered no social sacurity and that thailr contract output
would have to measure up to the qualitative output of thelr compatitors.
This compatition did, and I am sure will continue to, generate a high
degree of scientific effort, productivity, and efficiency. Tha results of
the contract effort will be currently and closely evaluated, and the
extension of the contract programs will ba detarmined on the basis of carae-
ful asscessment of the contract accomplishmants and the potential banafits
thay offer to the Govarnment,

In establishing our contracts we have endeavored to provide savaral
things that wa felt would be very helpful to the contractor. It is my
parsonal viewpoint that a major reason for R&D contract slippage aftar a
qualified contractor is selected is that Government objectivas and contract
goals are not always currently stated and clearly understood, and tha urgency
of the program is not fully realized. During the nagotiation of the deloli-
ant contracts we endeavored to describe the immediatea and long-range non-
tract objactives, the importance of the contract program, and the managaement
stepa tnat would be taken to plan, monitor, and evaluate the contract affort
and results, In addition to making our requirements clear and impressiig
upon you tha importance and urgency of the program, we felt that the contract
documents themselves should serve as a suitable tool for the partias. There-
fore, our program was planned to provide stability and continuity for the
contractor capable of doing an outstanding job. The muccessful accomplish-
ment of our contract program needs the bold and ingeanious efforts of tha
people assigned to it. Your contract has been dasignad te allow you a
managemant flexibility that will give your compatence and judgmant the
freest opportunity to do creative work, both in-house and by attracting on
a national basis the greatest scientific and industrial competence that
might ba svailable, The contract program has Fort Detrick's top managamant
intereat and support and has drawn tha beat capabilitias of our ressarch
perscnnal to work closely with the prime contractors to insure that the
program focus and direction will not ba misplaced or misundaerstood. We
hope to facilitata the contractor capability by bringing Into the program
the best ressarch and industrial compeatencies that may be nacdad, To the
extont that {t L{s practicable and worthwhile, we will do our utmost to inte-
grate outnide i{deas that we balieve are neaded for tha rosults we are saeking,

D. WHAT LIES AHEAD -

The vesults of this program are being used in field test evaluations,
The asunnrments that follow may lead to larga-quantity military roeguiremants.
I sm rot prepared [n this brief time to provide you with a market rescarch
analvala, 1 am sura you all have a great deal of compotence and experience
{n this area,
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1 have already mentionad commercial and aconomic incantives. T am not
surprised, and 1 am happy to report, that there have bwen a large number of
patent applications resulting from this program. This may ba a partial
explanation as to why many of you have proposed to work without profit and
on & cost-sharing basis. Continuing to look ahead, we are hopeful, of
coursa, that the needad breakthrough will occur. No one can predict when,
where, and how this will happen., We are giving avery industrial organiza-
tion with a capability and interast an opportunity to submit unsollcited
proposals and to tast their compounds. It is safe to say that our future
budgets will ba directed toward the organization whose research capabllity
and product can provide the best potantial benefits to our program. Your
job, &8 1 see it, ls to make sure that your organization {8 the one salocted,

In reviewing today's program, 1 couldn't help but be imprassed by the
qualifications of the contractors and the representatives who ate pattici-
pating in this program., It further demonstrates that our program neads a
spacial research capability, 1If 1 may attempt & simplified definition,
Nregearch iy the differaence batwean the problam and the answer.'" The
challenge to all of us — the contractor and our Government peopla = will
be to continue to raduce the differance.
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1v. CROP§ DIVISION DEFOLIATION PROGRAM

C. E. Minarik*

A number of speakers this morning mentioned that our program started
during World War 1I, with the establishmant of Fort Detrick in 1943. Thers
was & great deal of interest at that time in dostroying vegetation in the
South Pacific Theater, and the principal means available wap high explosives.
I have forgotten how many millions of tons of high explosives ware required
to destroy the vegatation on some of thesa Paciflc Islands, We were asked
to investigate chemicals that were available in large quantities Ln the
United States that could be employed For 'defoliating' this vegatation,

The work was done by the group then at Fort Detrick under the leadarship of
Dr. A, G, Norman, who is now at the University of Michigan., The group
screeaned a large number of chemicals; including the commercially saveilable
cotton defoliants. The screening program yialded two chemicals of promise,
ammonium thiocyanate and zinc chloride. Both of thesa produced excellent
regulta when used in conventional military spray equipment availabla at

that time, which consisted of tha B-25 aircraft and the M-10 smoke tank,

The first requirement was to defoliate trees; later this was changsd to add
target marking. In 1945 we were ready to racommend the use of ammonium
thiocyanate in the Pacific Theater, During tha course of coordinstion at
high levals in the government, someons decided that ammonium thiocyanste
sounded very much like cyanide, which everybody knows is poisonous., 1f we
used this chemical, wa would be accused of conducting poison gas warfare;
therefore, tha plan to use chemicals for destroying vagetation in the Pacific
Theater was dropped. The war endad befora another "defoliant" could be
daveloped, Much of our work then was classified Secrat; however, some of
our raports hava since been downgraded to Unclassified, One report relates
to our work at Fort Knok in cooperation with the Armorad Medicel Research
Laboratory, At Fort: Knox we sprayad temparate zone vagetation with ammonium
thiocyanate and other chemicals and followad the apray treatment with incen-
diaries that wery dropped from B-25 aircraft, We have soma axcellant before-
and-aftar photographs of the defoliation that was achiaved during these
trialn, The chamicals used wara not true defoliants but were mors properly
dsscribad as desiccants. However, they did accomplish the desired results,

The next program {n which we became involved dealt with subtropical
vegetation in the Everglades of Florida, In May 1945 Camp Detrick published
Special Report 13, '"Marking and Dafoliation of Forest Vegetsation." This
report Alao was originally classified Secrat hut recently has been down-
graded to Unclasaif{ied. This program also involved screaning additional
chemicels, but wae again came up with the sama chemleals, smmon{um thiocya-
nate and zine chloride, that had proved so effactive al Fort Knox, Tha
vegmtarlon changed coloy in two or thrae days, The alfuct was wecallant
for target marking., As Mr, Hayward pointad out, target marking, or delineat-
Lng drop armas and othar zonaa by causing the vegatation to change color,

# U,8. Army Binlnglcal Laboratorias,
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in oxtremely i{mportant in warfara. But more important than this, and thims
does not involve chemistry, was the fact that we damonstrated that spray
materials that had a wide range of droplat slzes did penotrate a foraest
canopy so that droplets were deposited, not only on tha upper canopy, hut

in the middle, and also on the forest floor. Canopy panatration im a sub-
Ject that comas up avery time one discusses spraying dense tropicel vaguta-
tion, such as occure in Vietnam for instance, One says, '"Oh, wall, (t's
vary dense so you can spray the top; when those leavas fall, you spray the
middle layer, and so on." This technique Ls not necesmsary, The 1945 triuls
have amply proved this point.

More recent work conducted prior to our phasa-out Iin PY l958, Just bhe-
fore we hit the leanest of our lean years, consisted of extensive screening
of defoliant and dasiccant chemicals, We had examinad approximately twelve
thousend chemicals here at Datrick for vegetational control activity, and
thosa that displayad aven the slighteat defoliation or desiccetion activity
were then put into our defoliant screening program. An unclassifiad report
issued {n July 1959 Lists the most &ctive of approximately 700 chamicals
that were screened for defoliant activity., T think soms of you contractors
have suan coples of this report. Recantly, an attempt was made to havae (t
issued by the Department of Commerce but, although Unclassiflaed, it was
still conaidarad sensitivae,

. One of our earliest and most fruitful contracts dealt with the evaluution
of candidate defoliants on tropical vegetaticn in Puarto Rico. Bruns,
Cruzado, and Muxi{k avaluated Sl differant formulations on 25 spacias of
tropical woody plants and raported their results in a recant {ssue of Teopi-
cal Agriculture, Incidently, Dr., Muzik, one of the authors, will join our
staff to spend part of his sabbatical leave from the Waahington Stute Uni-
varaity, continuing his work on absorption and translocation of dafoliants

and herhicides.

T have briefly vreviewaed the highlights of our defoliation program to
ahow that we have hean engageéd in defoliation Reseésrch and Devalopment
(R&D) for some time and have accumulated quita a backlog of information,

General Delmore has pointLed out that we naed a chamical that acts more
rap!dly. At one time wa had a raquirement for & defoliant that would be
af factive in 24 hours and a target-markiog chemical effactive in 5 or 20
minuten. Theare are certain chemicals that can merk vegetation in thls short
period of time. Tributylphosphate, for inatance, will dealccate cartaln
spucics vary rapidly but will not affact other spoeciea. Tho sama {8 true
of certain dafoltante, This points up the fact that wa murt [ind chemicals
with broad host ranges.
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Othar speakers before me have discussed our objectives In termy o1 what
the compound must do or be like. I would like to raiterata that wa need »
chamical that is effective in low doses,.is lnexponsive, readily svailable
or capable of being manufactured in large quantities, nontoxic to man end
animals, stable in storage, nonhazardous to the user, and noncoarrosive,

The work that I have discussed so far was done in the sarly days of our
defoliation program, A more recent project involved vegetation control at
“amp Drum, New York. We wers able to have photographars go along on that
mission to get before-and-after pictures. A very short film haa baan pra-
pared that we would like to show at this time. This work was done Ln 1959
and it was shortly thereafter that we got the call to demonstrate what
could be done in Vietnam. Dr. James W, Brown was responsiblu for this work.
He was also rasponsible for the demonstrations in Viatnam that defollants
and herbicides can be effectiva for vegetation control in that country,
After Dr, Brown's highly successful demonatrations of the potent{al of harbi-
cides, the United States Alr Force was directed to conduct defoliation spray
operations, The flow rate of the equipment was too low for tha desirad
ground depoait, and many delays caused the oparation tn be conducted durlng
the wrong season of the year for the best results., As General Dulmore
ind{catmd, there ware some adverse comments in the preas, Dr, Warren Shaw
of the Department of Agriculture, who is heve today, Gensral Dulmoras, and a
number of othera went to Vietnam to assaess tha resulta, They raported that
the apreayed vegetation had been defoliatad to the axtent of 75 pur cant on
th# averags and in certain targets 100 por cent, 1 think Colonal casto
will show some slides this evening of arcas that wora apray-d {n Fahruary
1962 and photographed in May 1963, You will saa that thara has baun very
little reugrowth in these areas, maybe five to ten per cent st most,

'This brings us up to our current in-houseprogram. Our total budgat for
defoliation R&D is approximately two million dollars, about thrae hundred
thousand of which goes into our in-house program; the remainder zoes out on
contract to you folk, We now hava 18 professional parsonnel, military and
civilian, T would like to compliment our military personnal for Lhe mar-
velous job thay are doing for ua, Thay have ahown great adaptwbility end
anthusissm for the program and are contributing very significantly to {ts
suzcwas, We have four additional professional civilians coming {n next
month, An ] indicated earlier, Dr, Muzik willl be hure on Wedneadey or
“hurgday, ag will Dr, Hurtt from Michigan State. Ur, Szahs end M, W{igvegger
will be, coming in later in the month., In addlitlon, there will by three
clvilian tachnicians, giving ua a total of approximatelv 25 puople working
wm def vliatton,

What typr of work are we doing hara? We aru angaged (v haygle riswarch
m the biochemical and physiological aspacts of laaf abscisslon. 1t vou
will note your program, you will see that I will be followsd by Lt,
Rubinwrein and Lt, Abeles, who will discuss some of their basic rescsrch on
bowd abwoimsion.  Another problem undar (nvestigation 1s the eoli of ethylene
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in abscission. The formulation of candidate defoliants for use in military
oparations is also an active project, Work.in absorption and translocation
is planned for Dr. Hurtt when he arrives. Dr., Muzik has elacted to study
environmental factors affecting absorption and translocation in our growth
chambars. This investigation is vary important bacause some of tha sprays
usad in Vietnam were applied when the plants were dormant, and a lack of
moisture certainly can influance the plant response to growth-regulator
types of chemicals., Tha mechanism of action is the type of study that Dr.
Szabo will be initiating next month, Residues in plant tissues is another
subject that is receiving some attention., Correlation batween plant re-
sponee and stage of growth when traeatad i3 also undergoing investigation,
Other active projects concern: (a) dose-rasponsa curves for various chemi-
cals and plant specias; (b) taxonomic studiaes; (¢) modification and cali-
bration of aerial spray equipment; (d) evaluation of candidata dafoliants
on mixad stands of tropleal vagatation in 5- to 20-acre plots; (o) relatione
ships of molacular structure and biological activity; (£) primary and
secondary greenhouse screening; and (g) field screening using ground spray

equipment,

You will note that wa are not doing any wynthesis in-house. We are
relying ontirely on you contractors to.provide the synthasis effort,

In briaf, our in-house program consists of primary and secondary screaen-
ing in the greenhouss and fiald; aerial applications; equipment calibration;
taxonomic, biochemical, and physiological investigations; formulation
studies; and structure-activity relationships, With the exception of one
project, our entire dafoliation program is unclassifiad.
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Y. MECHANISMS OF AUXIN ACTION ON LEAF ARGCISSION

Bernard nubinlccin*

Anyone who is interested either in understanding the nature of leaf
abscission or in synthesizing chemicals that artificially induce defolia~
tion is aware of the importance of the internally produced growth regulator,
indoleacatic acid (IAA). Under various conditions IAA can either stimulate
or inhibit abscission, but little is known as to how this auxin actually
works. In our attempts to better understand auxin action, we are trying
to ascertain the site of action or, in other words, to determine if auxin
acts directly on the separation area or indirectly by influencing the
metaboliem of the petiole,

A. STUDIES OF SITE OF ACTION

For studies of site of action, intact Black Valentine beans (
vulgaris L. var, Black Valentine) were grown in individual pects in the
graenhouss. After 14 days the primary leaf blades were cut off, and
sither plain lanolin or 1000 parte per million (ppm) IAA in lanolin was
applied to cover the cut ends of the petioles.

Using this method, it is relatively sasy to separate IAA-induced
inhibitions and stimulations of abscission (Pigure 1). 1If TIAA is applied
immediately to six-centimeter (cm) debladed petioles, abscission is com~
pletely inhibited. IAA appliad ten hours after deblading still produced
inhibitions, but they were not as pronounced. However, if 17 hours
elapsed between removal of leaf blade and IAA applications, a very marked
stimulation of abscission occurred., These results are similar to those
first reported by Rubinstein and Leopold™ after thay had applied alpha
naphthaleneacetic acid to abscission zone explants. These results, then,
led to the postulation of two stages in bean leaf abscission - a first
stage characterized by an auxin inhibition of abscission, and a second
stage when auxin applications stimulate abscission,

To examine the effect of an intact primary leaf on the opposite
debladed petiole at the same node, the experiments shown in Figure 2
were set up. The first disgram represents the hours to 50 per cent
ahscission for the one-cm and six=-cm controlas and the second illustraten
that the i{ntact blade inhibits abscission of the opposite six-cm petiolas,
Hypothesizing that the inhibition was due to auxin production by the leaf
blade, TAA was applied to only one debladed peticle at the primary leaf
node. The third diagram shows the surprising results, Not only was there
no inhibition of the untreated petiole, but thera was a marked stimulation
of absciassion,

* U.8. Army Blological Laboratories,
%k Rubinstein, B., and Leopold, A.C., "Analysis of the auxin control of
bean leaf abscission,'" Plant Physiol, 3B:262-267, 1963,
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Figure 2, Effect of Leaf Blade or TAA on Abscission of
Opporite Petiole,
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The possibility then existed that auxin on the one~cm patiole waa
affecting the opposite six-cm petiole after it» transition into Stage &,
Lf this wera true, it should be possible, by reataining the untreated aix-
em peticle in Stage 1, to inhibit its absciesion when 1AA 1s applisd to
the opposite petiole, PFigure 3 illustrates such a situstion, The diagram
on the left is the untreatsd control and the one in the centar shows the
stimulation of abscission by [AA. The plants represented by the third
diagram were treated so that TAA was applied immediately to a ons-cm
petiole, but the opposite leaf was not debladed until 48 hours later,

Lt ¢zn be saen that by keeping the leaf intact and retaining tha six-em
petinle In Stage 1, an inhibition of absclssion was produced.

Thus, wa have a system to determine the site of auxin action, By
applylng TAA on one petiole, we can assums that auxin reaches the abscis-
pion zones of the opposite petioles at exactly the same times, and if the
abscission time changes as the length of the untreated petiole is varied,
it would be suggestive of an indirect auxin actlon, that {s, an effect on
the petiole itself and not on tha abscission zone,

To investigate tha effect of leangth of petiole on the first staga, or
the stage when euxin inhibits abscission, experiments were set up as
diagrammed {n Pigure 4. One leaf at the primary node wes trimmed to ome
cm and treated with JAA; the opposite leaf was left intact for 48 hours
and then cut so as to leave either a six-cm or a one~cm petiole {upper
right and lower left diagramg, respectively). When compared with tha con-
trol (lower right diagram), the results indicate that the inhibition was
apparent only with six-cm petioles, thus {mplying an indirect site of
auxin action during Stage 1. Abscission of the one-cm patiole upon which
auxin wan applied, however, was inhibited.

The localization of auxin action during the second stage, when TAA
stimulates absciesion, i{s outlined in Figure 5, Again lAA was appliad
immediately to one-cm petioles, but this time the opposite lesves wera
debladed at the erame time and trimmad to one or six cm., By comparing
the sbscission rates of the untreated petioles in the center ani right
d{iagrams, {t can be seen that regardleas of length, the petioles wera
acceleratad squally, thuas implying an action of auxin directiy at tha
abscission zona,

From the data s8¢ far, we have concluded that tha action of auxin is
primarily Jireact, that Ls, on the separation area and {t< associated
cell layure, It (9 true that Figure 4 implied an indirect site becausa
sin-cm petioles were {nhibited longer than one-cm patiolas, but 1t should
a1s0 be nottced (Figure 5) that TAA appliad even to oqe < patinles pro-
fucad marked tnhibicions, [t may be, then, that langthening the patiole
vervas only to Intensify the inhibitory effect., Rerul:s of eaxparimants
1lustratedt In Figure 5 suggedst a direet auxin action during Stage 2.
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Figure 5. Effect of Length of Petiole on the
Acceleration of Abscission by TAA,

Since it appears that auxin acts at the abscission zone during both
stages, we have gained confidence in using excised abacission zones

to represent processes occurring in the intact plant, A further analysis
of the physiological and biochemical aspects of auxin effects on these
abscission zones was then attempted by measuring ethylene production
under different experimental conditions.

B. ETHYLENE PRODUCTION STUDIES

Since 1935, the leavaes of various plants have baen reported to give
of { ethylene, but no one has examined the abscission zone itself nor
related the ethylene evolution to naturally occurring leaf abscission,
Dr., F.B. Absles of this laboratory and I are currently investigating
the production of this gas by using excised abscission zones in order
to learn more of the moda of action of auxin and other abscission stimu-
lators, Ethylens in our experiments was: measured by an F&M Model 720 gas
chromatograph equipped with a flame-ionization detector, A two-foot
activated alumina column was used at a temperature of 45°C; helium flow
rate was 110 milliliters per minute,

The hiocassay consisted of ons-cm-long abscission zone explants from
primary leaves of Red Kidnay bean (Phaseolus vulgaris L. var. Red Kidney),
They were placed in agar that had been poured into bo-tles that could be
fitted with gas-tight vaccine caps. Gas samples were withdrawn with a
syringe and injected into the gas chromatograph.

29
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Wa first wanted to determine if naturally absci{sing explants evolve
ethylana, To do this, we removed air samples from sealed gas collection
bottles at various times until abscisslon occurred. The axplants did give
off athylene == & rapid avolution at first, followed by a slow but regular
increase for more than 96 hours., Fifty per cent abscissinn occurred at
48 hours, when the concentration of ethylane was approximately 0,34 milli-
microliter (m.l) per explant.

To observe the affect on ethylene avolution by auxin applications
during che two stages, the following experiment was set up, After cutting,
explanty were either left in plain agar or placed immedlately in alpha
naphthalensacatic acid (NAA)., Other axplants were placed Ln NAA at eithar
24 or 48 hours after cutting. It was found that NAA always Lnduced marked
stimulations of ethylene evolution (more than three mil per explant per 12
hours) no matter when the auxin was applied to explants, Abscisalon was
{nhibited by all NAA treatments, however, axcept the 48~hour one when an
acceleration occurred, These results led to the hypothesis that ethylene
is effective only during the wecond stage of abscission,

To test this hypothesis, one ppm of ethylene was added to explants in
plain agar at either 0 to 12 or 48 to 60 hours after cutting (Table 1),

TABLE 1. ARSCISSION RATES OF BEAN EXPLANTS AFTER ETHYLENE EXPOSURES
(1 ppm) AT O TO 12 OR 48 TO 60 HOURS AFTER CUTTING

Ethylene Addead, time Hours to 50 Per Cent Abscisslon
Control 84
0 to 12 hours after cutting 80
48 tn 60 hours aftar cutting 35

It can be awan that othylene appliad immediately had no effact on abscis=
sion rates but that ethylene applied during Stage 2 markedly accelerated
ahscigsinn,

From these data we feel that endogenously produced ethylens may regu-
late leaf absclssion, The gas was found in sufficient quantitics to stimuw
late abscisslon, but {t acted only during the second stage of absclasion
and had no coffect during Stage 1. Thus, even though immediate auxin appli-
cations stimulate ethylene productlon, the gas 1s not active because auxin
simultdnoously retains the explant {n Stage 1. The experlments «» lar
sugpest that absclaslon Ls controlled by factora even more basle than
ethylene. 1t seems that the nature of the change from the first to the
recond atage Is of vital importance for the induction of abscisaion, slnce
It s durlng the second stage only that cthylene is active,



C. SUMMARY

Experiments have been performad to investigate the mode of action of
fuxin a# Lt both inhiblts and stimulates laaf absclealon. ‘Intact bean
plants were used to determine first the asite of auxin action. After
applying indoleacetic acid to one debladed petiola and observing abscis-
sion rates of the opposite untreated patioles at the sama node, one can
conclude that auxin acte directly at the absclssion zone during both the
first staga, whan it inhibits abscission, and during the second, when it
stimulatee abscission,

To characterize a mode of auxin action, the evolution of ethylane
was measured from exclised abscission zonés. When alpha naphthalenacatic
acid is applied to the explants, sthylene production is stimulated during
both stages. Ethylene additions to control explants, however, suggest
that the gas acts only during the sacond stage, so it is proposed that
the stimulatory action of auxin during Stage 2 is lue to the production
of ethylene.
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Yi.._-ABSCLGIN 1L, AN ABSCLS3LONACCRLERALLNG .3UBSTANCE
EROM_YOUNG _COLION ERULE

K. Ohkuma, O.E. Smith, J.L. Lyon, and F.T. Addicoti™*

ABSTIRACT

Crystalline abscisin II, with a fentative molecular formula
of C18H2004, has been isolated from young cotton frult. It
acceleratas abscission at rates as low as 0.0l microgram per
abscission zona, Tt inhibits IAA~-induced straight growth of
Avera coleoptilas, but has no gibberellin activity on dwarf maize.

Endogenous abscission-accalarating substances ars now known to occur
widely in the higher plante.. Recently, abscisin i was {solated from the
mature fruit wall of cotton,” but little is yet known of ics physiological
properties. Tha absciesion-accelerating substanca that is presently bast
known physiologically occurs in the young fruit of cotton; its activity
teaches a peak at the tima of the onset of young fruit abseission.’ This
paper reports the igolation of this substance, here named abgeipln I1. and
describes some of its chemical and physiological properties.

Abscission-accelerating activity was measured with explanta (excised
cotyledonary nodes) of l4-day-old cotton seedlings. Seedlings were grown
ot 32° £ 2"C with a l8-hour photoperiod of 2000 foot-candles provided by
"warm~whitae" fluorescent lamps. The explants consisted of three-
millimeter atumps of the cotyledonary patioles and of the stem and a
ten-millimeter stump of the hypocotyl, Explants were placad upright in
stainless stael holders in Petri dishes containing a five-millimeter
layer of 1.5 per cent agar, Fractions to be tested were applied to the
petiole atumps In five-microliter droplets of 1.0 per cent agar. Dishes
with explants were kept in the dark at 30°C. Abscission was determined
by applying a force of five grams to the end of the petiole stumps ar
daily or more frequent incervals,

* These [nveatigationa were suppcrted in part by funds from the Foundatinn
for Cotton Resaarch Education administered through the U.S, Dapartment
of Agriculture and a contract with the 1,8, Army Binlogical Laboratories,

. Cotton frult for extraction were obtained with the cooperation of the
per«onue | at the 1J,8, Cotton Fleld Station, Shafter, Callifornla, We
thank Maryaret Deuasper and Nancy Beck for their excellent assistance;
Mr. Paul Allen of the Dapartment of Agricultural Toxicology, aiveralty
nf Californla, Davia, for daterminatlons of YR apectrum and UV abeorp
tion. Department of Chemistry, Stanford Unlverelty, for mass spectro
matry daetearminations and elemental analysis; and Dr. R. Cleland for
providing fac{litiea for Avena stralght~growth tests.

w4 Dspartment of Agronomy and Cotton Research Branch, A,R.S.,, U.§.D.A.,
lintversity of Callfornta, Davis, California.
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Four= to seven-day-old frult waere collected [n tha fleld and quick-
frosen with dry fce, After lyophllization, approximataly 78 kilograma
(22% kiloprams frash weight) ware axtractad overnight Ln an ambhient tampera=-
ture of 207 to 25°C with 520 1{tera of B0 per cenl acatone, Afrer fllter-
lag and concentrating, the reaidual rich water wase adjumted to pH 2,0 with
dilute hydrochlorlc acid and axtracted twice wlith equal volumee of eathyl
acatate, The ethyl acetate phase was extractud three times with 2.0 per
cunt aquaous aodium blcerbonate, The godlum blcerbonate phase was act{di~
ftad to pH 2.0 and axtracted twice with equal volumes of ethyl scetate,
The remulning acld fraction, welghing 147 urams, was maparated by adsorpe
tion chromatography, Carbon (Darce G~60) and calite {Hyflo Super-cml)
(1:2) ware thoroughly mixad Ln water and packed ld a column by scirring,
The actd fraction wan applied In a ratio of approximately (110 {aclds to
carbon) and elutad with Iincreasing concentrations of acatene In water,
gach of the ten (ractions (10 to 100 per cent) conctatned three l1{tears of
solvenL per 100 grama of carbon, A total »f 4,15 grams of oily matarial
having abecisnxlon-acceloruting activity wae found {n the 530 per cent and
60 per cant acetone elusten, This war spplied to a e¢ilicle acid:calits
(1:2) ¢olumn packed In chlorcform, In a ratio of one gram of sample par
20 grama of alllcic acld, Fraectlions were e¢luted guccessively with (ncreas-
ing concantrations of ethyl acetate in chloroform (one liter of solvent per
50 grams of silicic acid) starcing with five per cent athyl acatate. Paaks
of abacission-accelerating activity were found in tha 10 to 30 per ceant
ethyl acetate, and in the 50 to 60 per cent ethyl acetats eluates, Further
pur{flcation of ahacisin TI involved only the most active peak, 10 to 30
per cent athyl acetate, Eluates were combinad and evaporated to dryneass
in vaguo. The residue was treatad with a amall amount of chloroform from
which an i{nsnluble crystalline material having no abecisslon activity was
eliminated by fllcration, The remaining 238 milligrams of chlorvoform~
soluble material were streaked on four sheets of Whatman three-millimeter
chromatographic paper (56.3 by 45,6 cm) and developed to 35,0 cantimeters
with {go-propanol:ammon{a:water (10:1:1 v/v). Each paper waa divided
fut- ten portlens accord{ng to Rf and eluted with methanol by maceraring
in a Warf{ng blendor, Eluatees were evaporatad to drynens, dissolved in
water at pH 7.0, and flltered., The filirates were acidified to pK 2.0,
extractod twice with athyl acetate, and evaporated to drynexs, Eluates
from R{ 0.4 tv 0,8 were combined (66 miliigrams) and applied to a stilicic
actdtrelfte cnlumn, as dascribad ahove, The LO par cant ethyl acatate
aliate waw raduced fn vaguo to 23 milligrame of semi-aolid <lly matarlal,
After racryatallizing twice from chloroformepetrolenm wther, nfne mLlli=

wrams of highly actlve crystals were ohtalned, The aubstance was namad
abxoivin 1y,
Fartoy of rhe cryavals wias tested by thinelayer and papzr chromatography,

Nine different salvent systems were used; Ln each ¢ase only ome spot was
detectod with potave{um permanganate spray,



35

Abscim(n TL has a melting point of 160 to 161°C and sublimes at 120,
[t L an acidic, colorless compound soluble in aquaous modium blcarhanata,
chloroform, acetone, ethyl acetata, diethyl ether, methanol, and athanol,
elightly soluble in benzene and water, and sparingly aoluble In petrolaum
other., Its ultraviolet absorption maximum in methanol is 252 millimiceonn
¢« 25,200); ira Lafrared absorption spectrum in KBr pellets {a ehown {n
Figure 1, The molacular weight of abscisin Il (s 264 (detcrmined from
mass apectrometry) and it contairs 68,76 par cent carbon and 7,96 per cent
hydrogen, Tests for nitrogen, sulfur, and halogens ware negative, Therae-
fore, CysHpp0, was assigned to abscisin II as a tentative molecular formula,
Thase data show that abscisin TI is chamically diatinct from abscisin I
{solated from mature fruit walls of cotton by Liu and Carns.”

Abscisin 1L is a very effective abscission accelerator, Figure 2
shows the rasults of applying three amounts of abacisin 1L to the petiole
stumps of explants. Acceleration resulting from the application of 1,0
and 0.1 microgram is greater than can be obtained frrom maximum accelerat-
ing amountes of gibberellin Aj. Evidence indicating vhat abscisin i La
an abaclssi{on-accelerating plant hormons is presented elsewhere.’

Abecisin 11 was also testad for its growth-inhibiting and gibberallin
activities, In thae presence of 0.1 microgram per mi.lillter of TAA, it
completely inhlbited Ayena coleoptile straight growth at concentrations of
3.0, 10,0, and 30.0 micrograms per milliliter; at 0.1 microgram per milli~
liter it reduced growth at 60 per cent of that irjuced by [AA alone. No
glbbarellin activity was found when applications of 0.25 to 50.0 micrograms
per plant were made to dwarf maize mutants dy, d,, and dg,

Further research on the physiology and chemical characterization of
abacigin [{ {s in progress and will he reported shor:ly,
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VII, PREPARATION OF FLUOROAROMATIC COMPOUNDS
AS PLANT GROWTH REGULATORS

Glenn C, fingerw

A. INTRODUCTION

Interest in fluoroaromatic compounds as plant growth ragulators first
appuared in the 1940's., A post-World War 1I report’ indicated that the
Army Chamical Corps at Camp Detrick (now Fort Detrick) was already in-
terested in fluorophenoxyacids in 1944. A patent issued to Jonas® in 1945
mentioned the use of fluorophenoxyacetic acids as herbicides., 1In 1947 the
preparation of the compounds furnished to the Chemical Warfara Service §o¢
its initial studies was rcportcd.° This latter article is an sxcellent
summary of tha various synthetic methods of phenoxyacetic acids., The firat
data on the herbicidal properties of tluoriqtted benzoic acids appeared ir
1951, a study also pionesred at Ft. Detrick.” These referances summarige«
the early background of the fluorobenzenoid herbicides,

B, SCOPE OF THE PROJECT

Since its inception in 1952, the gensral scopa of our project with the
Army Chemical Corps has baen the synthesis of plant growth regulators con.
taining an aryl or heterocyclic ring with fluorine as the chiaef subatituent
or in combination with such common substituants as -Cl, -Br, -T, -OH, =-0CHj,
=NO2, -NHz, and others. Toc a limited extant, compounds with fluorina sub-
stitution on an atom attached directly to a ring nucleus ara also includad
such as -Cf,, ~SO,F, atc,

€. GENERAL PLAN OF THE INVESTIGATION

Tha ganaral plan of investigation is to prepars & raprasentativa group
of compounds of various types of plant growth ragulators. As & continuing
objactive, additions are to be made to the various typee as sultable stare.
ing matarials and intermediates bacome available,

The sslection of the synthetic methods wae governad mostly by the avsil.
ahla starting materials and the shortest routae, The voute was not necessar{ly
the most wfficient method of preparation, If & compound gave promising results
in mcrumning, then more practical syntheses were in order,

* Illinois Stute Geological Survey, Urbana, Illinois,.



40

D. SUMMARY OF COMPOUNDS SYNTHESIZED

The synthesis program to date covers four well-known classes of com=
pounds with plant growth regulator properties, namely the phanoxyasatic
acids, the bsnzolc aclds, the phenyl carbamatas, and the Nephanyl.glycine
hydrezides., Besides the individual compounds and their derivetives, many
intermediates in the synthatic schame were also submitted for scraaning.

1. Phenoxyacetic Acids

In general, the fluerinated phenoxyslkanoic aclds were preparad
by the alkaline condensation of a fluorinated phenol with chloroacetic
or chloropropionic acid., With the exception of some recently synthasized
compounds, most of the compounds have been reported in a 1959 paper” from
the Survey lsboratories,

FCoHuOH(1,4) SEEHREOOR y  pe H, 0CH,COOH
4-Fluorophenokyacetic Acid

More than 40 fluorophenoxyacetic acids and a number of fluorophanoxy-
propionic acids have been synthesized. Emphasis has baen primarily on
polyfluoro substitution and combinations of ~F with -Cl and ~Br, Some
other group combinations wers included as the intermediates were at hand.
Table I lists the compounds that have bean synthesized,

2. Benzolc Acids

The majority of the fluorinated banzoic acids were prepared by the
following sequence: (a) the introduction of -F, -Cl, -Br, and -1 groups in
the benzene nucleus of key starting materials via an -NHy group, followed
by (b) the generation of a -COOH group, through oxidation of a -CHjy group
(or, in a few cases, -COCH3 and -CH0H group) and carbonationofa Grignard
reagent,

About 24 halogenated benzolc acids were prapsred, of which 20 con-
tained fluorine., Table T1 lists the di- and tri~subatituted benzoic acids
that have been prepared.

3. Phenyl Carbamates

The fluorinated N-phenyl carbamates, also known 48 urethanes or
carbanilates, wsre conveniently prapared by reacting the appropriate
fluorinated aniline with ethyl or i{sopropyl chlorocarbonats in an alkalinea
medium.”  The, yallds varied considerably but 60 per cant war considered
svVarage.

FColiyNHp (1,45 SIS%0CHS y pe i, NHcooC oM
Ethyl N-(4-fluorophanyl) carhamate



RING
POSITIONS

~N
[]
L9 ]

»
§
=

N
]

[ Ll:
| 1 ]
>~

~ (]
[l [
w
]
o

2-3-4-5
2-3=4-5-6

£~
-

TABLE I, FLUOROPHENOXYACETIC ACIDS
SUBSTITUENTS
F-Cl  CHy=F
p-rd/  p-Cl FeBr  F-1 F-CHy P-NOp
Cl-F  Br-F I-F NOo-F
F-F  Cl-F  NOp-F
F-F
F-F  PF-Cl  CH3-F
C1-F
PP
F-F-F  FeCl-F
F-F-F
F-F-F&/  PeCl-Cl  F-Cl<-F  F-P-Cl
Cl-C1-F&/ C1-F-F  NO;=NO;-F
C1-F-Cl
F-F-F  F-C1-C1 Cl«F-F F-Br-Br F-N0O-NOj
Cl-F-Cl  Br-F-F Br-F-Br NOp-F-NO;
F-C1-F  Cl-F-Cl
Br-Cl-F-Cl

Cl-Cl-F-Cl-Cl

a, Also the -proplonic acid derivative.
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TABLE 11, FLUOROBENZOIC ACIDS

RING
POSITIONS SUBSTITUENTS
2-3 Cl-F  Br-F CHx-F
F-C1  Br-NO,
2-4 F-F F-Cl F-NO; F=NH;
F-Br F=NHA¢
2-3 F-F Cl-F
2:-6 FF Cl«F 01-Cl
Br-F Br-Cl
34 F-F
- FuF
2-3-4 F-F-F
2-3- FuF-F
2-3-6 Cl-F-Cl F-NO3-F

Thirty fluorinated N-phenyl carbamates have been synthesized, {.,e.,
the sthyl and isopropyl N-phenyl derivatives resulting from 15 fluorinated
anilines., Among the mono-substituted compounds, all of the ortho, meta, end
para fluoro derivatives and a 3-trifluoromethyl (~CF3) compound have been
prepared, The polysubstituted compounds are listed in Tablae III,

4, N-Phenylglycine Esters and Hydrazidea

The firet fluorina-containing compound of the phanylglycize type
was reported in 1958, namely N-(4-fluorophenyl) glycine hydrazide.” A year
later N=(3-trifluoromethylphanyl) glycine' 'Y and {ta amide were raported in
the literature,

The N-phenylglyczine esters and hydrazides ware conveniently prepared
by & two-stup aynthesis. With aniline as a model, the resctions involved are
{llustrated as follows,

. HoNNH
Conshp, SICHRCO0CZH3 5 ¢ uoNCH CO000HS —2—2my CoHyNHCHoCONHNH,
N-Phenylglycine ester N-Phenylglycine hydrazide
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TABLE 111, FLUOROPHENYL CARBAMATES

RING
POSIT IONS SUBSTITUENTS
2-3 F-Cl  CHy-F
2-4 F-F  Chj-F
2- F-F  F-CFy OCHy-F
34 FoF  CFy-F
3-5 CFy=CF4
2=3-5 F-CT4-F
2-4-5 F~F-F

By using a substituted aniline, a wide variation in substituants ls
possible in the benzenoid nucleus. The anilinas were readily converted

to glycine esters in 25 to 50 per cent yields, By heating the esters with
hydrazine in ethanol, the glycine hydrazides were formed. The hydrazides
roact quite readily with acetone to give isopropylidine daerivatives.

Some of these derivatives resulted quite accidentally, but ware nevertho-
less submitted for screening. Table IV shows the compounds prepared.

CHgNHCONH,CONHNH, SSREON&Y ¢ 4 NHCOCHCONHNSG (CH3) 5
N-Phenylg lyeine hydrazide laopropylidine deriv,

5. Miscallaneous Compounds

Among the miscellanaous compounds that have hemn syntherlzed are
s pumber of fluocinatad indoles, & fluorophenyl phosphinic acid, (2-f(luoro-
vthyly trimethyl ammonlum bromide, and some fluorinated pyridine derivatives,
"he. pyridipe compounds were made available from a saparste Survey project
that waes inftiated In the mid-1950's.
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TABLE IV, FLUORINATED N-PHENYLCLYCINE ESTERS AND HYDRAZIDRS

RING
POSITIONS SUBSTITUBNTS

A, Mono-Substituted Compounds
F ClL Br

fro

F CL Br 1 CHy CPy&/

[ L (9t

F Cl Br CHy CFq(ester)
B. Di-Substituted Compounds

2-3 P-Cl  Cl-Cl CHy-F  CH3-CH,
2-4 P-F  Cl-F  F-Br Br-F

2- F-CFy  CHy~CHy

26 CHy-CHj

34 F-F Cl-F F-CHy CH,-Cl CH3-CHy CFy-F CF3-C1%/  cFy-ped/
3-8 c1-cl

a. Ester only; acetone derivativa of hydrazide prepared,

E. SYNTHESES UNDER WAY AND FUTURE PLANS

Plans for the future include (a) the synthesis of new fluorinated types
of plant growth regulators, and (b) the occasional preparation of other
group combinations in the typas of compounds previously discussed,

Attention i{s being directed to the fluorinatad derivatives of the
followlng types of growth regulators: 2-methoxybenzoic acide, 2-methoxy-
phenylacotic meids, and «-methoxyphenylacet!ic acids.
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VIIT. ANSUL SYNTHESIS PROCRAM

Saam——

P. J, Ehman*

A. INTRODUCTION

Our primary job at Ansul is to make & suries of pantavelent organic
arsenicals callaed arsinic acids. The general structural formula is:

R!
L
R - As - OH
"
0
The two organic groups in these arsanicals, which can be tha same or
different, are attached directly to arsenic. Becausa the elamant arsenic
is considured a metal, and the organic groups are combinad to arsenic hy

a carhon~-to-arsanic bond, these compounds are called organic-maetallics,

In tha saries of arsinic acids that we are making, the R group is as
shown in Tabie I:

Table I,
R ~ Methyl - CHq =
- Ethyl " 0235 -
" Propyl - Cally =
" Butyl - Colg =
= l1sopropyl - Cly
(l-mathylethyl) CHg = CH =
. lsobutyl " CHy
e
(2-mathylpropyl) CHy CH = Clly =
In thin same garies of arsinic aclds tha R' group {n as shown (o Table

11

#

" mrwoa v

* Ansul Chamlcals Company.
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[} Tnbla II-

Same alkyl groups as R
Long-chain alkyls, such as amyl, hexyl, heptyl, octyl, tetradecyl, octadecy!
Unsaturated straight chain, =zuch as vinyl, propenyl, butenyl, allyl, etc.
Alicyclic, such as cyclohexyl and cyclopentyl
Phenyl-substituted alkyl, such a»

PhCHy - , PhCH2CH2 - , PhaCHaCHaCH -
Phenyl and phenyl-substituted

/3 2\0.
§§§g -----04%?

RH R'!

R" C 4

in which R'" can be hydrogen, alkyl auch as methyl, amino, substituted amino,
nitro, hydroxyl, methoxyl, chloro, fluoro and others, and combinations of
these,

Pyridyl and substituted pyridyl

Naphthyl and substituted naphthyl

Miscellanaous

With six R groups and fifty to one hundred R' groups, the combinations
that we can producc are from 300 to 600. Unfortunately, many of the R'
groups will be extremely difficult to add to arsenic. Our plans call for
selecting the easier prepavations and spending not more than about one man-
wesk on a preparation that gives difficulties. Therefore, cur actual
production for the entire contract is expected to be about 80 arsinic acids
and about 50 intermadiates, We expact that tan to twenty praparations will
be dropped bacause of difficulties,

In the praparation of these arsinic acids we will encounter at least
two classes of intermediates. One clasa, the arsonic acids, have the follow-

ing structural formula:

OH

R' « As - OH Arsonic Acids
11}
0
{n which R' 1is the series of organic groups shown in Table 11, We will sub-

mit & sample of any arsonic acid that we prepare or purchase, that Port
Detrick has not already tested,
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The olhar clase of Intermadiates that wa will ancountur ja 8 werins o
trlivalent orgsnic arsenlcali, of which the following are axamples:

R' As » O or R' As Clyp
Arsina Oxlda Arsinag Dichlaridn

In thase intermediates R' is aguin tha saries of organic groups shown
in Table T1l. Most of the intermediates are volatile, highly toxic, and not
satisfactory as harbicides or defonliants. Tharefore, only in casas where
the volatility is low will wa submit samplaes [or scraaning,

Our contract began in June 1962 and runs through Saeptomber, 1964,
Through June 1903, 42 preparations were submittud, two praparations were
droppsd bacaune of difficulties, and nina praparations waras in procass.
Our manpower through June 1963 was two chamists and ona tachnician, On
27 June wu added a third chemist &nd the first waak In August wa will

add a sacond tu hnlelan,

B, PAST WORK

One of the available mathods for making thase acids (s by application
of what has bacome known as the Mayer Reaction,” Thia {8 tha formation of
Alkancarsonates from sodium arsanite and haloalkanas., The original work
has baan much extended by other workers. In particular, Augar® haw shown,
initially, how to use this reaction to prepare aveinic acida,

Wa have succusafully adapted these proceduras Lo our neads and have been
abla Lo prepars all of the veportad alkylarronle und arsinic acidr that we
have tricd, In addltion, we have preparad a number of naw compounds by this
mathod, The reuctions involvad in this mathod ara ghown in the following
mquatfons:

ABp07 + BNEQH wewem —oeee) 2(NAG) 4AS (1)
RX + NaOAs (ON&)p =e————-e RARO.(ONR)q + NaX  (2)
RAS0,(ON&)p + 2HA wmemmcewemy RALDL(OH) + 2 NAA ()
Alkang-

Arsonle wald
RABO,L (OH) 5 + 80y rememmmd RAKD + 180, (4)
RABO + 2NROU somemea—e=d RAR(ONa) (5)
R'X 4 NAQ,RARONH wommmememe IR RTAKO L, ONR b Ney X (6)
RR'ABD.ONE + HAmem=—cm= === K. K'A80,00 + Na A (7)

dinlkyl

arsinle agtd
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Using the above approach, we initially synthesized three arsonic acids
and purchased three others, From thess, wa have completed 20 arsinic acid
preparations with various combinations of R groups shown in Table I,

C. CURRENT WORK

We are now in the procass of completing anothar group of acids having a
variaty of other moieties, these include:

Table III.
CHy=CHCH, - CgHs .CHyCH -
l‘\-C7l'll.5 - CGHSCHZCHZCHZ -
n-CgH,; - 2-CH4CgH,CHy =
CgHgCHy - 3-CHqCgH,CHy -

CgHsCHaCHy = 4=CH3CgH4CH2 -

The Meyer Raeaction does not uuulllybwork when using haloaromatic compounds
if the halogen is attached to the ring.” Haloalkanas will, however, react
with arsenoscaromatic compounds. We are now also complating a group of arsinic
acids in which one organic group is an aromatic ring. The arsenoso mataerials
are obtained by sulfur dioxide reduction of the numerous arsonic acids that
are available commercially. The aromatic groups include:

Table 1V,
4=HaN, 2-HOCgHy - 4~HO CgHy,
Z-HZNC6H4 - 4-HO, 3-02NCgHj
4=HoNCgH, - 2-0oN CgHy
CgHg - 3-0,NC¢H,
4=C1CgHs = 4=0,NCgHy,

4-C1,3-0,NCcHq - 3-CH4CO.NH, 4~-HOCgH
2777673 3 613



In addition to these preparations thara ara others that are not amenable
to the sbove methods., A vary valuable mathod of mynthesleing avomatic
eraonic and avsinic acids has baen devaloped by Bart, This involvas Lhe
reaction of a di{agonium salt with an alkali arsanita, as shown In tha follow-

ing equation:
RNy *X" + (N&O) jAwm—ee—————3 RABO3H; + NaX + N2 (B)

This procuss can ba sxtended to form diarylarsinic acide hy coupling tha
diaso compound with an aromatic-arsonita.

RN,¥X™ + (NaOjpASR' ~—=——> R,R'A8OzNa + NaX +N; (9)

The usefulness of thase reactions has boen shown by Bart and a number of
other workers to ba quite great., In our work, wa are currantly using this
reaction to prepare a numbar of aromatic arsonic acids., Thosa can then be
reducad with aulfur dioxide to form the arsencsocompound, This arsonoso-
arone can cthan be treated with a haloalkane according to Mayer's Reaction
to form an arylalkylarsinic acid, The aromatic moieties involved in this
group of compounds include the following:

Tabla V,
1=-Naphthyl 2,4,6-trichlorophanyl
2-Naphthyl 2,3,5,6-tetrachlorophanyl
2=fluorophenyl 2-methyl=4+-fluorophenyl
4-fluorophenyl 2,4~dichlorophenyl
2,4~dichlorobanzyl
4,mathoxyphanyl
vinyl
pyridyl

D, TFUTURE WORK

We axpoact soon to completa all of the praparations outlined above., We
ara now (n tha procass of gatting approval for baginning the synthosis of
another hundrad or so compounds., Our new proposal Includes many homologuas
and iAomers of the above compounds., The vast majority of the arsinic acids
contumplatad will contaln one R alkylgrowlrom Table I,

In addition, some pantyl- and hexyl-containing compounds ave proposed
as wall as some containing substituted alkyl groups,
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i, PROBLEMS ENCOUNTERED
l. Meycr's Rearntion = Arsonic Acids

This reaction i{s quite straightforward, Bromoalkares seem Lo ha the
most practical for routina laboratory use., Chlorides react ususlly only
slowly and with {odides there is trouble in isolation hacause of the follow-

ing reaction,

RASO4H, + 2H1 —> RASO + I3 + 2H20 (10)

This means that iodides must be ramoved prior to acidifieation.
However, when the arsonic acid is insoluble in water, it 1s possible to
isolate it by pracipitation with a calculated amount of acid,

2. Meyer's Reoaction - Arsinic Acids

This roaction is also straightforward, It {s attended bv many by-
products. If the yimld is high, there is not much troubla, LIf the ylalds
are low, i{solation and purification prasent great problems, The hy-productas
arc apparently very similsr to the product, Wa have unsucewasfully triad
te apply this procedure using bromocyelopentans and bromocyclohuxana,

3, DBart Reaction - Arsonic Acids

This reaction, although strvalghtforward on papar, prasents all nf
the usua!l troublen of ordingry ditazonjum reactions. It may be thought of
as an adapLation of the long-femilisr Sandameyar Reaction, In addition to
this, some trouble (e ancountered wlth dearsonation during isolation,

4. Sulfur Dioxide Reduction

This proc-dure works well with alken=arsoric acids ard o number of
aronwt Lc arsonic scide. Soms of these lattar appear capecially sensitive
and either reduce further than the arsenoso compound or doarsonete,

5, General

We are, of course, running into the upc-old problam of literature
reactions that do not work for us, In addition to thin, we give ourselvas
a problem by vxamining cach compound by acid-hase titrimerry using an auto-
matic recording titrator and for organic and {norganic trivalent arscnic.
Som-timer we find 8 preparation that agrees with literature charsacteristics
and hes the correct elementad]l aralysis, but proves to contain morn acids
than we harpatined for or o considerable amount of the arsenic content ia
presert {n reduced form.
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IX, PENNSALT SYNTHESIS PROGRAM
Harold J. Millarw

When, a little over a year ago, the Chamical Corps invited proposals
for programs to aynthesize and scroan candidata defoliants and desiccants,
Pennsalt submitted a quite detailed proposal. The first proposal was usad
(and to a somewhat smaller axtent is still boing used) as a worklng docu-
mant for the salaction of compounds, It goas without saying, tharafora,
that & good daal of planning went into the proposal,

Work was started early in July 1962, A stock of Black Valentine boans
had bean built up just previously, wso that synthasis, analytical control,
and primary screeaing could be bagun nearly simultaneously., Some range-
finding expariments were carried out in the greonhouses until such time ae
tha analytical pipe lina had been fillad and an assurad flow of chemical
compounds was cstablished. By range-finding exporimants, I mean thc evalu-
ation on beaans of a number of commercial defolianta and harbicidns in
various formulations, Results of tha extranaous testing hava bhean suppliod
to Fort Detrick as unnumbared compounds, since wa anticipataed that the
numbar would be so small that no special numbering would ba requirad.

Analytical confirmation of atructures has been, in terms of manpowar, &
substantial part of the program, In all but a very faw cases, we have baen
abla to supply compounds of firmly established identity., In a very faw
instances we have supplied samplas with some uncerxtainty as to structura
with the provision that more detailed analytical work would be carried out
1f the products provad to have a degrea of activity warvanting continued
{nterest.. Analytical control introduced a necarsary lag of onu to two wanks,
raraly mora.

Tha synthasin program has baen under the diraction of Dr., Popofl and
Dr, Smith, who are here with me today. The selection of compounds for
synthusis, hoth in our planning phase and subsaoquently, has buen to a vary
large extent the responsibility of these gentlamen with the assistanco of
Mr, Willlam Tea and myself,

Tt has bean our practice to transmit samplea as nearly as possible
fimultancously to Fort Datrick and to our own greonhouse for primary scroen-
Ing, and we have shipped samples in weekly lots of 20 to 25 or 30,

Ruporting has been accomplished primarily by the use of threa forms,
A Now Product Data Shaelt forwardad to cover each compound along with weekly
shipmants; a Plant Responsa Data Shaet for cach compound, providud with thy
monthly raport; and a Synthesis Report Form describing tha mathod of synthe-
sis for weach compound, submitted with the quarterly reports. A somewhat
diffarantly tald out Plant Response Data Sheet will ba usad foxr ruporting
supplemantary scraening on four woody species,

* Pannsilt Chamica s Corporation,
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In order to keep Chemical Corps awars of our program planning and par-
ticularly to enable them to avoid duplications between contractors, we have
periodically supplied candidate compound lists, indicating the synthasas on
which we proposed to work over the succeeding month or so. In a few in-
stances theay have called us off on proposed compounds that they had already
received or expected from other sources, but there appears to have been

surprisingly little overlap,

In no case have we completely fulfilled the plan shown on a candidate
compound list, nor should wa. Feedback of early screening data is, in our
view, of utmost importance, The directors of the synthasis program see
results in the greenhouse constantly and have been able to take advantage
of thase early observations to amend their synthesis programs. In addition,
wea meet at frequen: intervals for detailed formal and informal discussions,

During the first contract year we have synthesired, acreened, and sub-
mitted 1021 compounds, representing many chemical categories. 1In addition
to screening at 0.l pound and 1,0 pound per acre equivaleant as requested by
Chamical Corpe, we have also oscreenad at 10.0 pound per acre aquivalent.

We recogniced, of course, that activity disciosed only at this heavy dosage
would be of no direct interest but felt that such low-level activities
should serve to channel further syntheses. This has proved to be the case.
In several instances we have detectod activities at this level and have

been able to prepare analogs active at 1.0 or 0.1 pound per acre equivalent.

Taking into account this high dosage, 35 per cent of the compounds pre-
pared have shown some activity, 13.3 per cent ware active as defoliants at
the 0.l-pound dose and ar additional 13 per cent at the 1.0-pound dose. A
substantial number of the first 750 compounds submitted have heen selected
by Chemical Corps for woody plant screening. Of the first 250 compounds
we have supplied additional quantities of 21 for further evaluation,

For our own use in organizing plant response data, wa have adopted a
rating system that enabies us to separate compounds of 50 per cant or more
defoliant activity at 0.1 pound, 70 per cent at 1,0, and 90 par cent at
10 pounds. This gives us compact and consolidated information that is
readily usable in the analysis of structure-activity relationahips.

Periodically we tabulate for study the compounds in the higher activity
catagories, further subdivided by structural categories. Although computer
cquipment is available when needed, we have not to date found it nacessary
or desirable to employ it in this program, With a much larger number of
compounds we would undoubtedly go to computer techniques.

We have welcomed and found most useful the feedback of data from Dr.
DeRos: and Mr. Ray Frank. In general our findings have corresponded very
well In spite of the fact that we are employing quite different procedures.
Correspondence has heen particularly good orn desiccant effects, as should
be expected,



Thy salaction of compounds for scraening has bean madn on s numbur of
basua including:

(&) Compounds related to endothall and to butynediol, dafolisnts
that were originated by Pannsalt and that, in Chumical Corps Lusts pre-
cading the program, had shown promising rasults,

(b) Compounds more or lass related to substances having recognlzed
activity of one sort or another in plant systams,

(¢) Lueds from Pannsalt scraening (on cotton),

(d) Compounds for which a hypothatical mode of activity could ba
imaginad., 1 aemphasize the word hypothatical,

(a) Soma compounds reprasanting novel structuras whose possibla
activity in biclogical systems, insofar as ravealad by the litoratura, was

unknown,

Compounds salacted for synthanis are searched through the lirerature
(Chomical Abatracts and Beilstaein) bafore work is bagun, If the compound
has hoan reportad, duplication of several givan physical propartiem is
considarad adequate to confirm the identity. If the compound im not known,
sufficlant alemental and spactral analysis to establish identity is cavriad
out, Analytical data ara also obtained on known compounds whare tha
literature {s vague or contradictory, and where new synthatic approachas
are amployed,

It may ba of intarest to note that roughly one-half of tha compounds
synthaslraed during the contact year wero new compositions of matter; that
{s, thay were unrecordad in the liturature,

Pannsalt had, of courmse, soma years earlier, synthasizad a number of
ansalogs and derivatives of endothall for the purposa of artabllshing the
areas for parant coverage. These compounds had bean avaluated by differant
tachniques from those employed in the presaent program, Sevaral of tha more
active of thaso ware resynthasized for screaning on Black Valentine beans,
In addlelon, particularly during the fivat sevaval months of tha program, a
numbur of additional endothall analogs wura pruparad.  Some of theae have
shown slynlitcant diffaerencag from endothall Liwall, prasumably, howaver,
s the rasult of the differancas [n panetvatlon and translocation, the mode
of 2etion at the slte appoaring to ba vary simbllav, A faw compounds showerd
promlsa ol providing fastar defoliation than diaodium andothall,

A faw andothall analogs namad in our original propesal, or (n subscquent
candidatr compounds llsts, hava proved very dirtficult to aynthesize and
pome Addlitonal offort will he expendud on thasc,
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Several ycars ago Pennsalt also explored the analogs and derivetives of
butynediol, using cotton as the screening plant. A collactlon of theme
compounda was offared to Fort Detrick at that time and these were more
broadly screaned, The structural simplicity of the prototype compound
nevertheless mada this an area of interwust and onc thet we falt had probably
not been thoroughly investigated in other unpublished programs, We antici-
pated that many of the structures proposed would present synthesis diffi-
culties, as was indaed tha case.

A number of butynediol derivatives and analogs have shown sctivity at
0.1 pound per acre aquivalent., Some of thasa accomplish complete defoliation
with no desiccation whataver. Indoed, tha leaves may appear more turgld
than normal. Their rate of actlon is, however, slow,.

b

~ 8
& WitV . ®iIN e 1

worthwhile to mention that a number of phosphorus compounds have bewsn
included, and that all psrsonnel who may come in contact with thmse unknowns
are checked once & month for cholinestwrase level, Our fourth quartarly
report classifies compounds for discussion into 39 structural catagories
including a small miscellancous section that covers thoso compounds aach of
which {8 a single represantative of its class., Since many compounds are
polyfunctional, & considerable numbar require consideration under two or

aeven three categorias.,

nnot and should not discuss otheyr structural categories, but i is

ww® wwi

I should add that in addition to the thousand-odd compounds synthesized
for the program, we putchased or obtained through private channels about
130 structurally interesting products that were considared to warrant screan-
ing in their own right, for the sake of throwing additional light on struc-
ture-function relationships, if not with the hope of discovering a signifi-
cantly active compound. These, therefora, were salso screened and raported
and samples were numbered and sent to Fort Detrick. These waere designated
as purchased compounds and ware not coneidared to fulfill any part of our
contractual ohligations,
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R D. Closson¥*

In discussing our synthesis operations under tho Army Delvliant
Program, I propose to briefly mention pertinent Ethyl background,
review the organization of our defoliant program, discuss our guenvral
approaches to the synthesis problems, and summarize the work done to
datm,

¥Yrom 1947 to 1954, Ethyl Corporation manufactured and marketed
BHO. In 1949, we initiated an exploratory program dosignaed to discover
new agriculeural chemicals, In this program, the synthecis work wus
done at Dutroit and the evaluation work at Boyce Thompson Institute.
During the program, we found a numbar of compounds hiaving high activity,
part.icularly Ln the arcas of defoliants and other plant-growth effects,
and also an fungicldes,

However, a decision was made in 1954 to stop activity (n the
agricultural=chemical field, and the exploratory program was terminated,
The discoveries 1esulting from the program were sold to Pittsburgh Coke
and Chemical Company, which later transferred them to Chemagro. Two
commerclal chemicals discovered in cur program are today being very
auceanfully marketed by Chemagro. These are DEF, which 18 extensivaly
used a8 n cotton defoliant, and Dyrene, which is marketed as a fungicide,

Since most people do not connact Ethyl Corporation with agrieultural
chemicals, 1 wanted to point out that we have succcasful experlence in
this aren of resgcarch,

A. ORGANTZATTION OF OUR PRESENT PROGRAM
Figure 1 shows the formal organization of our present program,

The program s under the over-all direction of Dr, E.B., Rifkin, The
synthesis portion i8 conducted at our Detroit Lahoratcries under the
suparvision of Dr, R, D, Closson, with Dr. J, C, Wollensak reporting to
him as Profect leader, In addition, the synthenis program is staflfcd
with three PhD chemists who have had considerable synthesls expericnce,
wad they have flve asslstants, The evaluation portlon of the program (s
comdacterd at Boyew Thompson Institute under the direction of Dr. 7. W,
Plafsted,  Aa consultants to the program, we have Dr, W, ¢, Hall, Dean of
the Grudnnte School of Texas A and M, and Dr, G. T. McNew, Director of
Boyee Thowpson Institute, Both of these men are well known for their
ontstanding work on defoliants and other plant-growth offeets,

ARG E W @@ G B a——

* rhy b orporarlon,
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Saloction of compounds for synthewis {s a cooperatlve operat{on
{nvolving evaryone connected with the program, *

As A moane of discuesing our raseavch approach, let's luook at
Figure 2, which nutlines in a very simplifiad manner the s=tapa lsading
to the discuvary of a new defoliant,

L,
2.

3.

SELECT COMPOUND FOR STUDY

SYNTHESIZE OR OTHERWISE PROCURE A
SAMPLE OF THE COMPOUND

SCREEN THE COMPOUND TO ESTABLISH
THAT IT IS A DEFOLIANT

DEVELOP THE COMPOUND THROUGH FORMULATION
STUDIES, PIELD TESTS, PROCESS DEVELOPMENT,
DISSEMINATION STUDIES, AND PRODUCTION

I'igure 2, Steps Leading to Diascovery of an
Improved Defollant for Military Application

Considering briefly aach of the four steps outlined In Figure 2,
we can lgnore Stap 4 at present, aince it is outside the ascops of this

conference,

Step 3, acreening of the compound to ocstablish its affec~

tiveness, {s certainly of major importance and Ls a very difificult

problam,

However, gcreaning and scraeening procedurcs are on the pro-

gram for discusslon tomorrow. Step 2, synthesis or procurement of the

compound, although raquiring appraclable ef{fort, uaually does not presunt

a major problem to a staff of competent aynthesls chemists, However,

Step 1, salectlng compounds that will ba effective defoliant compounds,

repradents the major challenge of the program,

Flyure 3 outlines the general approaches we use n selecting com=

pounds for the defoliant program,

poraonnel,

As T montloned varller, the compoumls
aelected represent the comhined thinking ol our consultants and project

01
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T. FOLLOW-UP ON LEADS FROM:

(a) PREVIOUS AGRICULTURAL
CHEMICAL PROGRAM

(b) RECENT SCREENING RESULTS
(c) LITERATURE

(d) IDEAS BASED ON HYPOTHETICAL
MECHANISMS

II. NEW AREA DFVELOPMENT - EXPLORATORY

Figure 3. Basis for Selecting Com-
pounds for Screening

Over the past year, we have supplied 529 compounds for scraening. A
broad range of compound types has been vepresenced, Figure 4 lists a numbor
of these compound classes.

ACETYLENES SULFIDES

ALKYLATED AROMATICS SULFONES AND SULFOXIDES
AMIDES AND THIOAMIDES SULFONATES

AMINES AND AMINE OXIDES THIADIAZOLES

RUNTE SALTS THIAZOLES

CARBAMATES THIOCARBAMATES
CARBOXYLIC ACID ESTERS THIOCARBONATES
DTOXALANES THIOLS

ORGANOMETALLICS TRIAZINES
ORGANOPHOSPHORUS COMPOUNDS UREAS AND THI1OUREAS

Figure 4, Classes of Compounds Screenad

Fach of thase claases could be broken down further into aubclasses,
as has heen done in Figure $5,
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Figure 5. Organophosphorus Compounds Screenad

In Flgure 5, the 222 organophosphorus compounds screaned to date arc
broken down on the basis of structural formula, The numbers of compounds
of vach structure type screened are shown there.

Tn terme of numbers of compounda screened, the ovganophospharus group
I8 our largest. This is mainly because, at the heglnning of the program,
wee had on hand samples of a large number of organophosphorus compounds that
couid be supplied to the program.

Arranging our screening rosults by compound types and studying thoe
notivicy resules in cach group frequently permitam us to determine what
acractural characteristlics are associnted with observed defoliant or
herbleldal activity,

However, T do not mean to fmply that progreas results solely, or
perhaps even usunlly, from the systomatic approach, This might be
tTlustrated hy the phosphoramidates, of which we had tested 22 compounds,
all having no activity, One of the chemista still felt that a particular
phosphoramidate was worth testing, since it was spatially related to
another ncetive compound, Tt waa tested and found to be active., We have
since prepared three more compounds in this class, two of which have shown
activity,



64

B. GENERAL SUMMARY OF PROGRAM

During the past year, we have submitted 529 compounds for screening. The
sources of theme compounds were!

(a) 393 compounds were synthesized for the project,

(b) 82 organophosphorus compounds available from othar lahoratory
programs were supplied to the program at no cost,

(") 54 compounds f[rom miscellaneous sourcas were obtained as
samples, purchased, etc,

Although T doubt that we have yet uncovered the compound or compounds
that will find application, I think the screening results obtained to date
are gencrally encouraging. Approximately 35 of the compounds submittad to
primary screening have shown an eppreciable degree of activity on bean
scedlings, Theae duta have indicated a number of chemical areas for further
investigation. We also were encouraged by some of the results of secondary
screening, in which the more active compounds were screencd on four tree
spezles. Two of our compounds caused total defoliation of two of the troe
spe-les at five pounds per acre and very extensive defoliation at one pound

per acre.

In conclusion T want to thank Dr., Minarik, Dr. Brown, Dr, Darrow, Dr,
Robinscon, and Dr. DeRose for their cooperation and guidance,



X1, MONSANTO SYNTHESIS IROGRAM

Stanley D. Koch¥*

In picking compounds as candidate defoliantm, wa have chosan from thrao
main groups: (a) relatives of known dafoliants and herbicidus, (h) Monmanto
Chemical Commany hot leads, and (c¢) & rational screan of noval compounds
not likely to have besn tested praviously for defoliant activity,

Wa have not put much effort on the first group, We have falt that tha
industry has oxhaustively examined esters and analogs of 2, 4-D and tha
other wall-known commercial products, and that our chancas of succass in
this area ware small, Where we have chosen ralatives of tha known compounds,
their activity has not exceeded that of the commercial product,

Monsanto Chemical Company hot leads have provided us with one aexcallaent
group, the quaternary ammonium iodides. Since thesa compounds ara disclosad
by issued patents, I feal uble to mention them by nama to this group, 1
will discuss tha activity of some of thase compounds in dotail in tomorrow's
talk, TIn addition to these compounds, thare are thrae other hot loads that
have alrnady baen approvad for synthasis by the Army. Thesa compounds are
now being made and we axpect to have the results from some of them {n tha
coming quartar (ending 30 Saptembear).

Most of the compounds we have suggested have fallan into the catagory of
our rational screen, We feel that this omphasis is proper, in yielding tho
gruatest chance »f making a breakthrough to a naw type of affactive com-
pound, To date, this screen has given us three loads, Two are matalorpganics,
with differaent motal atoms., The third is an organic sulfur compound, llomo=~
logs of these leads are baing put into the system, and we axpact to be ahla
to test many more relatives in the coming quartor.

It is hard to know what the word "raticnal' means In tha phrvase "vatlonal
seraen,"” Our list of candidate compounds is made up of tha contributions
from all of our chemists, and I edit their suggostions, sometlmen tactfully
trying to cUnvince them not to offer some banal chemical function, Tha
casa of tha thrae leads that have amargad from our rational s&craan (s In-
structiva: Tha firat metalorganic wam one of u larpa Wroup suggustad hy
one of our less axparienced chemists, 1 falt that he was overdoing thia
particular group, and after he had auggosted 30 or 40 with this particular
muetal cantral atom, T instructed him to stop, and mova on Lo some othar
flold of organic chemistry, The following day the screuning rasults on the
vary activa membar arvived, This compound is the most active compound we
have had all year in the primary screan, and shows high activity agalnst
novaral woody apecies as well,

% Monsanto Rescarch Corporation,
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Anothur chemist, this one with long exparisnce, decided to muggest a
group of compounds c¢hosen from a cabinet of chemiculs he had in his 1lsb.
Since he mxmrcised '"rational"” cholce in picking them, T reluctantly drcided
to lat them go through, There was immediate adverse comment from the other
oxperivnced professionals, who felt that the list had basn cheapened and
that this nonewnse was sure to make us look foolish to the projact monitor,
Soon the information came back that one member of that group, anothur metel-
organic, had besn previously scraenad by Monsanto Chemical Company, and wes
an actlve defoliant (75 to 100 par cent at six pounds per acre). This
class has not been reported active in the public litwrature,

The third active lead, tho sulfur compound, was tha one example that had
snaaked through whan other homologs had baen consclously abardoresd for faear
they would be unstable to hydrolysis., It {s quite poswible, of course, that
this active compound is also hydrolyzed, and that the activity comea from
the products of the hydrolysim. In any event, editing out the homologs in
an e¢ffort to make our list more rational was again the wrong thing to do,

Iv wpite or all this, wo still attempt rationally to choose compounds
to suggest as candidatoe dofoliants.

Our procmdure for making our lists of candidates iv am follows:
Compounds ar= sugu~sted by all sonior professionals, and occasionslly by the
younger mesn, Thay are instructed to examine thelr candidates and rejact
thos» that are unsuitable bacause cf axpmcted toxlcity to mammals, vola-
tility, or instabtlity, After aditing in Boaton, the list is sent to
Monsanto's Ssmpl» Record and Contrcl, in St. Louis. Sample Racord and
Control s an op~ration that controls and racords (as the name suggeats)
almoat all of the samples prepared in the ontire Monsanto organization, in-
cluding subsidiarirs, The central feature is & computer systam that is also
able to handle conventional organic structural formulas. At Sample Racord
and Control, our candidate list is checked against the large five-digit
number of samples Monsanto ham alraady scra=ned for harhicide and defoliant
action. 1f a compound {8 found to hava been testwd on Monsanto's propriastary
screen, it is droppwd from our test list, so as to avold neadless duplication,
but Lf active, {ts structurc is noted, and homologs are saubmitted so as to
introduce this activity into the contract program. About thrae per cent of
the compounds on our lists have baen rejucted hecause of this type of
duplication.

The cullsd List is then sent to tha Army for appraval. Our axpurlence
ts that the Army has rejacted about one pur cent of tha compounds we have
sugposted, presumably because nf duplication with compourds they have tuated,
or which wrv. sugsueered by other contractors,
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Synthasis is carried out in our laboratorius in Boston and DayLon, Ohjo,
About 20 par cant of the work has baan done in Dayton., My authoritcy Is
dalegatad to three senior profeasionals in Bomton and ona in Dayton who do
the day-to-day banch suparvision of the synthesis. Dach chamist usually
has the full-time use of a laboratory assistant, and the axclusive usu of

ona hood.

Synthesos are carried out at the quality lavel raquired for work raported
in the Journal of Organic Chemistry. Elamental analyses and structurae proof
are required for new compounds, and no compound is submitted unlass it haa
baan unoquivocally characterized. Although high purity is sought, it is
recognized rhat this is a screaning program. Whera further purification is
not justifiad or practical, impure samples have bean submittod with tha
degroa of purity carefully noted,

We ship samples to the Army weakly, and have shippad 757 in ahbout saven
months. This extrapolates to a rate of 1335 per year. Of this numbar,
about ten per cent ware purchased, or acquired without synthesis. Ironically,
so far these have proved to be mora activa, bacause thay usually roprasant
feadback from screaning results or Monsante Chamical Company data,

Wo hope to be able to maintain this quantitative lavel of production,
and that the number of active compounds will rapidly increase am we got
more foaudback from screening results.
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. P ON O ARS A A LS TERS

M.E, Ch‘.ddlx*

General Aniline ham been scraening new organic compounds for ume as
herbicides for a number of yaars. Our {nterest in the present contract
work was twofold, First, we had found a number of biologically active
groups in the course of our herbicidal screening, and, secondly, we had
in the company a man with an unusual background of experience in arsenic
chemistry, Dr. J.F., Morgan. Dr. Morgan worked with Prof, Hamilton at
Nebraska during the war on organic arsenicals, and is co=-author of the
chapter in "Orjanic Reactions" on the Bart Raaction for the Praparation
of Aromatic Arsonic and Arsinic Aclds,

In Figure |, there are listed two very effective defoliants, cacodylic
acld (dimethy!l ursinic acid) and butynediol. The first, as you know, has
been found to be .an effective defoliant, and the gentleman from Ansul have
described some variations on its structure, which thoy are under contract
to prepare, The second compound, hutynediol, Ls manufactured by GAF.
Unfortunately, ltw excellent defoliant propertlus wore discoverad by
Pennsnlt and not by GAF,

Introduction

CH
3\\‘A9 == OH HOCH,C & CCH,O0H
cHy””
Cacodvlle Acid But ymediol
Propuged
R' Q
S A e OF
R~
Figure |, Preparation of New Arsainic Aclds and Estoers,

In our contract work, we propose to vary the alkyl groups of che aruintc
aclds through the Incorporation of bilologlcally active groups, particulariy
thoge containing triyle bonds and related to hutynediol, Other active sub-
sti{tuents to be used will be {llustrated later,

—— -—

* General Aniline & Film Corporation,
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The methods for the praparation of these arsinic acids will bhe dewcribed.
1n "iguro 2 are shown the reactions for the preparation of alkyl ursinic
ac.ds and their intermediates. In the first stap, sodium arsanite is
treated with an alkyl halide, preferably a bromide in the Meyer Reaction,
to produce alkyl arsonic acid salts. 1Tn the second stap, these salts arc
reduced with sulfur dioxide in hydrochloric acid solution to produce alkyl
dichloroarsines, This intermediate is than converted with caustic to the
disodium alkyl arsonite. 1If this compound is then alkylated again with
another alkyl halide, dialkylarsinic acids are producad, This is an
axtension of the Meyer Reaction,

Alkyl Intermediates
1) Aa(ONA)3 + R == RAgO(ONl)z (Meyer Roaction)

2) RARO(ONa), + HC1 + S0, == RASCL,

3) RABCly + NaOH =—==) RAs(ONa),

Alkyl Aysinic Acids

4) RAs(ONa)z + R' X == R'\\~
R”’ AlOan (Meyer Reaction)

Filgure 2., Preparation of Arsinic Acids

In Figure ] are shown the reactions for the preparation of aromatic
arsinic acids. In the flrst reaction, sodium arsenite is treatad with
benzene diazonium chloride to produce a phenyl arsonic acid salt by the
Bart Reaction., This can then be reduced in the same way as the alkyl
dorivatives to form phenyl dichlorcarsine and neutralized to form the
disodium phanyl arsonite., There are two ways to prapare arsinic acids
containing one aryl group, In Reaction 4, an alkyl halide can he usod to
alkylate the phenyl arsonite producing an alkyl phenyl arsinic acid.
Another method {a {llustrated in Reaction 5, in which an alkyl arsonite
{n treated with an aromatic diazonium chloride (Bart Reaction), If R
fa aromati{c, a mixed disromatlc arsinic acid can be produced,

in Flwure 4, a number of the proposed variations on dialkyl arsinic
actds are Lllustrated, Ry {8 a lower alkyl such as methyl, ethyl, propyl,
or butyl, R, [8 a more active substituent such as propargyl, butynyl,
hydroxylbutyny!, or chlorobutynyl. R, can also he allyl, hydroxyothyl,
or F-{2-pyrrolidinon-1-yl)ethyl,



Aryl Intermediateg
1) As(ONl)3 + CeﬂsNzcl v—) C6H5A10(0Na)2 (Bart Raeactlon)
2) C6H5ABO(ONl)2 + HC1l + 802 —) C6H5ASC12

J) CeHsABClz + NaOH === C6H5AI(ONG)2

Arvl Arsinic Acids

4) C6H5Au(0Nn)2 + RX =) CgHg(R)AsOyNa
5) RAN(ONa), + OsN=CgH4NaCl == O N=CqH, -AsO,Na
i
R (Bart Roaction)

Figure 3. Preparation of Arsinic Acids

RN AS - OH Ry = Lower Alkyl
Ry ® -CHC & C = Ry
-CH,CH = CHj
-CHCH 0K

~CH,CHN

Figure 4, Proposed New Aliphatic Arsainic Acids

In Figure 5, swoma specific sxamples of these variatlons are given,
No, | s the propargyl methyl arsinic acid, which can be prepared through
the Meyer Reactlon with propargyl hromide. No, 2 is the hydroxybutynyl
chlorvethyl arsinic acid prepared from the bromohydrin shown. No. 3 (s
a hydroxypropylbutyl arsinic acid from propylone oxide. No, 4 (s allyl

methyl arsinic acld from allyl bromide, and No. 5 {s a difunctional arsinic

acld from the reaction of two moles of sodium methyl arsonlte and one mole
of the dibromobutena., Some additional examples dre shown in Flpure 6,

71
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1+ HC 7 CCHCHyA#0pH from HC = CCH,Br
2) HOCH,C ¥ CCH,(CI1CH,CH,)A80,H from HOCH,C ¥ CCH,Br

0
3 CH3CHOHCH2\:C/‘H9)A502H from CH4CHCH;

43 CHy » CHCK,(CHy)AS0,H from CHy = CHCH,Br
5) HOpA#{CH3)CH CH = CHCH7(CH3)ASO2H from BrCHyCH = CHCHpBr

Figure 5, Examples of Aliphatic Arainic Acids

1) HOCH2CH20CH20H2(CaHg)A!OzH From HOCH20H20CH20H25r

CHy CH
2 Hophe L 3> AsO,H from (CICH,CH 3,
CH,CH - CHCH, &
o
Jw! -
N0 .
éﬂzcnzcczﬂs)a.ozu from CH,CH,C1

Figure 6, Examples of Aliphatic Arsinic Acids

The variations proposed with aromatic arsinic acids are shown in Figure 7,
Ry will he a lower alkyl yroup and the other substituent a substituted
banzene where Ry may he chloro, nitro, methoxy, or sulfonamide. The work
on chloro aud nlitro substituents will he emphasized,

/ \ Q Ry # Lower Alkyl
Ag = OH
Rp N/ | “CH,C B C - Ry

R
“CH,CH = CH,

“CFZCHZOH
RZ w Cl, NOZ‘ UH}O“, "SOZNHZ
R3 * H, CH3. CHZCI, CH20H

Fipare 7. Proposed New Aromatlc Arsinlc Actds
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Some specific examples of aromatic arsinic acids arc shown {n Figure H.
Chlorophenyl propargyl arsinic acid is to be prepared from propargyl bromide.
Allyl pe-nitrophenyl arsinic acid will be prepared from the allyl arsonite
through the Bart Reaction. No. 3, 2-methoxy=-4-nitrophanyl arsinic acid, can
be propared from the butyl arsonite, and No., 4, 2-hydroxyethyl-o-chiorophanyl
arainic acid, from ethylenechlorohydrin using the Maoyer Reaction,

1) @-gnozu from HC ¥ CCH,Br
B CH
c1 HoC
2) OpN ‘@‘MOZH from OpN @-N2+Cl'
CH,CH = CHy
+ .
3)  OgN -Q.I:IOQH from O,N -<:_>.N;2 cl
CyzHo OCHS
CH,0
0
7\ from C1CHCH,0 o
4) — 2!02}( rom { CHchz H or CHzCHz
HyCH,OH
cl 2¥"2

Figure 8. Examples of Aromatic Arsinic Acids,

Since our contract work just started on July 1, 1963, very few com~
pounds have been preparaed thus far, hut Figure 9 shows five Intarmediatens
that sre being prapared at the prosent time, They are the ethyl, phenvl,
allyl, butyl, and 2-chloroethyl arsonic actids,
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L) CoHzARO5M,
2) CglinABOqHy

3 CHZ L} CHCH2A803H2
4" C HghRO4M,

5) CICH20H2A303H2

Figure 9. Intermediatos Being Preparéd.



XIII, CROPS DIVISION SCREENING PROGRAM

Edward L. Robinsonw

The basic goal of our program hsrs at Fort Detrick is a rapid-acting
defoliant capable of use in vegatational types throughout the world, Such
a defoliant may have the capability of rapid defoliation of tropical or
tempaerate vegetation with subsequent recovery, or it may cause the plants
to die following initial defoliation, True defoliants or desiccants would
fit the first category; systemic or growth regulant harbicides would be
axamplos of the sezond type,

My discussion of the defoliation program will he a genasral summary of
research at Fort Datrick, Details of test proceduros and results will be
oexplained by other speakers, Mr, Ray Frank and Mr, Demarce. We hope that
our presentation will stimulate discussion on how to improve our program.

It is possibla that chenges in screening procadures such as the use of
different plant species or techniques may be dasirable. Your comments and
questions or the program will be appreciataed in the intorests of {mprove-
mant .

As most of you know, I am relatively new in the program here, As & naw-
comer, 1 have baen greatly imprassed at the intaroat shown in tha defoliation
program at this meeting. We fael that, with the lavel of vesmearch affort
given to defoliation in the program at Fort Detrick, a substantial contribue
tion cen bo made not only from the standpoint of military uase, but in agri-
cultural applications. Through the synthesis and scraening program, naw
potential herbicides and chemicals of specific value in agriculture may be
discovared,

The initial step in the rasearch program in defoliation at Fort Detrick
consisea of mynthosis of new chemicals -- candidats defeliants, desiccants,
or herblcides, Synthaesis effort is conducted under contract with several
ma jor chemical companies., In the larger contracts, a screoning program is
carriod out by the contractor on l4-day-old Black Valentine beans and on
selected woody spacies in close liaison with the Chemical Branch personnel
at Fort Detrick, Under other contracts, tle synthesized chemicals are sub-
mitted directly to Fort Detrick for initial screening,

1t should ba emphasized that full conalderation {8 glven to sources
other than government synthesis contracts for candidate defoliants, Closc
scrutiny is given lists of new chomicales reocefved by the Industrial Liajson
Offlce (1LO) at Edgewood Arsenal for a chemical with possibla defoliant
activity., Large numbers of theso chemicals from many {ndustrial =ources
are avaluated for horbicidal and defoliant activity in our scrueei:ry
program.

* U.8. Army Riological Laboratories.
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All chemlcwuls that are received by the Crops Division from syntheuis,
1L0. or other soutces are subjected to a primary screening progream under
the diraction of Dr., DeRose. This screening is conducted on one-weckeold
plants using six plent specles, four broadleaf species and twe grusses,
The ectivity of each chemical is riated on & scale of one to four on esch
species for & maximum rating of twenty-four points. Chemlcals are appliaed
irn acwteone solutions at retes of 0.! and 1.0 pound per scre. Ratings are
méde over 4 perlod of two weeks,

The next atep in the defoliation screening program involves tests on
l4-dev-old Black Valentine beans at similar application vatas., Chemicels
testud in this program include those with an activity rating of ten or mors
in the primary acveening program on six plant species. All chemicals show-
ing sstivity In screering programs conductad by contractors ara taested at
Fort Detrisk. Deta(ls and results of thews téats will be described by tha

next speaker, Mr, Rey Frank.

“hamicals that exhibit moderate or sxtreme sctivity in defollent or con-
tuct action on l4-day-old Black Valentine bheans aru then subjected to nece
andary sccraening on #ix or eight woody species in greanhouse tests., Plants
used Lnclude two- to three-year-old transplants of conifers and hardwoods.
Defollation or contact activity is avaluated on all woody speclas over a
pariod of 21 days. Plante are normelly retained for longer periods to
detarmine ultimate lethal or recovery eaffects of treatment. 'This type of
secondary screening has been conducted in-house on newly synthesized chemi-
cals. Six hundrsd chemicals that showed defoliant or herbicidal activity
in eavlier rercarch at Fort Destrick were evaluated on woody speciss under
contract.,

Chamicals selected on the basis of activity i{n the grmenhouse tests on
woody 8peci«s are then carried forward to field screening trials. A sub-
sequent wpeaker, Mr, Demarae, will report on this phase of the 1963 program,
Far this phaen, we are currently developing # nursery of sslected woody

8peciny.,

The firel step {n the testing progrem would involve application on o
flrld-acale program on narive vegetation using alrplane dissemination
cquipment, We sre bopaful that thia program c¢an be carri-d out ar ssmveral
Iazationw repref-rtative of mejor vegatatione!l types ol the world, Futher-
mar-, formulxtiony and mixtures ol chamicnals will be evaluatwed at various
reteg, valimoa, and seawons of appllecation «s8 8 hasin for selection and
stardedizatiorn 2 & defoltarny,

E?(}*\t
° AVailab
le Co
Ry
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J. Ray Frank%

The compounds roviewed in our defoliation screcening program come
from many sourcos, One of the main sources in the lamttwo yoara i
from the companies represented here today in the chomical syntheslis
program. The Industrial Liaison Program provides an additional source
of compounds originating from many chemical companies. We almo receive
compounds from many privato companies as parts of unsolicited proposals,
from individuals who are working in other arcas of chemical synthesis,
and from organizations with many different types of scrouning programs.
The combined results of all these programs should have tho potential to
produce effective candidate defoliants, herbicidaes, and/or target markers.

A, INTRODUCTORY SCREENING

Compounds from all sources are assigned a Fort Datrick accesaion
number and are given an introductory screening by Dr. DeRose. He evalu-
ates the compounds on soven-day-old plants on six crop species, Compounds
are rated on a numericel basis, with 24 points equaling a perfect score,
Results are submitted to the defoliation screening group, and all active
compounds with a numerical rating of ten or above arc then tested by this
group, Compounds that indicate activity in the screening programs of
individual contractors are also tested. Thus, any differences in the
tusults of the two programs due to formulatioun or greenhousc technique
may be resolved. We have noticed in our taosts that formulation has been
a factor in some situations; therefore, all compounds showing activity in
preliminary tests are further evaluated,

B, PRIMARY DEFOLIATION SCREENING

In our primary defoliant program we usc l4-day-old Black Valentine
bean seedlings, At this age, plants have primary leaves, with onc fully
expanded trifoliolate leaf and the second trifoliolate well-formed. The
plants arc placed in a clear plastic spray cabinet In an araa measuring
one~third of a yard square. A glass spray atomizer s held above the
plants and the compound is sprayed uniformly over the arca at rates of
0.1 and 1.0 pound per acre,

We are scavching for a rapld-acting defollant that will cause absele-
sion of all leaves on any woody or herbaceous plant., The goal of our
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program L8 to find that defoliant, hut we also are investigating desiccants,

herbicides, and target~marking chemicals. Earlior, it was mentioned that
tributy! phorphate could serve as a target marker; J-amino-1,2,4-trinzolo

* ',8, Army Blological lLaboratories,
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could alsc serve in this capacity bacausc of the unusual foliange coior
exhibited after troatment.

Defoliant activity is measured as slight, moderate, and extreme,
On this basis, slight is 1 to 25 per cent moderate is 26 to 75 per cont,and
extreme 76 to 100 per cent,

Because we are investigating compounds that cause an extreme response,
we svaluate only those compounds in the secondary screening program that
indicate a dugree of defoliation or kill the plants within 14 days. This
brings up the question, "What ie a defoliant?" Commercially, many compounds
known as defoliants are not defoliants, but desiccants. In my tests, a
compound is an active defoliant if the leaves abscise from a plant without
the aid of any mechanical forca such as hitting.

Approximately 1600 compounds have been examined since July 1961, and
the rasults ontered in a Remington=Rand computer system, Of these 1600
compounds, 100 showed defoliant activity and 300 exhibited herbicidal eoffects
in the primary defoliation screening.

C. SECONDARY SCREENING

All compounds showing defoliant or herbicidal activity in the primary
defoliation screening are evaluated in a secondary screening program involye
ing woody plants., Well-established two- to three-year-old secedlings of Norway
spruce, Canadian hemlock, Chinese alm, black locust, Norway maple, pin
oak, Scotch pine, and California privet are treated under greenhouse
conditions at one, five, and ten pounds per acre. With this selection of species
and rates we feel that we are able to evaluate the activity of the compound.
Some speacies ave easily damaged, for example, black locust and Chinese elm,
Frequently, oak and California privet show little damage from chemical
sprays, but the one gpucies that is lerat affected is the Scotch pine,

We are in the elementary stages of the secondary screening program, but
to dat® we have tested about 300 of the 40C compounds that are active aa
defoliants and/or herbicides., Wo do not have any final results to give you
today, but this intormation should be forthcoming in the near future. Our
general obsorvationa at this time indicate that very lew compounds will
defoliate all oight spocles and inhibit future leaf growth, Because of the
posaibllity of regrowth, we keep our trees as long after treatment as green-
house space allowa, approximately 90 days,

Perhaps L should mention a few of the main groups of compounds that
we have investigated. Thece gre'ps are not in any particular order and
the list does not cover all of crem. As you know, the inorganics have
buen used an defollants and desiccants in the past. In this group we
find the chlorates and thiocyanates, many of which have been included in
vur gureaning nrogram, Dr. Finger mentioned the fluorine compounds; we
have acreened a large number of this group., Benzolc acids have always
found n place In the group of ecffuctive growth regulators, Many urva
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compounds have been investigated. The organometallic compounds that were
discussed here yesterday, such as tin, lead, mercury, silver, sclenfum, and
quite a fow others, have been tested. The carbamatus have been choecked
extensively,

Acatic acids of various types, such as trichloroacetic acid (TCA) and
varioua phenoxy compounds, have been tested. The phenoxy compounds have
heen screened from herbicidal, anticrop, and defoliant standpoints., We
have tastad butoxy ethyl, n-butyl, and iso-butyl esters of Z,4-D and
2,4,5-T on seedling trees with 32 of the most active defoliants that pro-
ducod defoliation in previous screening programs., In this particular
test, the resulte indicated the butyl esters were more active than the
butoxy ethyl esters.

Compounds containing phosphorus have been investigated extensively,
Interest {n this group was initiated because of the presence of a number
of commarcial compounds such as DEF, Folex, and tvibutyl phosphate, The
arsenizal group has been investigated in connection with cacodylic acid,
The diols have boen checked extensively becauso of the activity of butyne
1,4-diol. The endothal group is being investigated extensively; wome of
the new forms are of interest to us,

I should point out that we are indebted to Mr. Mornoweck, Mr, Hall,
and Mr, Buschmann, who deserve much credit for their work in this program,
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XV, PENNSALT SCREENING PROGRAM
Harold J. Millar¥

To bagin with, our contract and, I think, the other industrial contracts
as well, celled for synthesis and primary screaning only. Initially the
screening was to be carried out on Black Valentine beans; currently the
program includes supplementary screaning on a variety of woody plants. The
methods to be used in the primary screening wera rather clearly indicated
in tha original invitation for proposals, that is, as to age of plants and
duration of observations. We have followed thusa procaeduras vury closoly,
with the addition of a ten-pound dosage rate.

in view of the Chemical Corps goal, we ware &t [iret inclined to quastion
the desirability of a three-week obsorvation pariod, but we hava found that,
with soma structural categories, this extanded observation period is most
significant, The continuous use of control plants assures us that, under
our greenhouse conditions, little or no normal leaf drop occurs ovar the
thrue-waek poriod and that it can be difforantiated from inducad daefollation.
Thers are, of course, some questionable caves. Wa do now faal, howaver,
that as in the high dosage, a third week of observation is dusirable, to
disclose minor effects that may be turned to advantage through additional
synthasas,

We feael that the primary acrocening, particularly as aupplamanted by the
six-crop screaning, the confirmatory screaning on beane, and the supple-
mentary scraening on woody species, provides an excellent charactarization
of the compounds tested; it does, that is, what a screaning is oxpected to
do. For tha purpose of saying '"no further interest" or 'tontinuing interast,"
we halieve that the holas in the screen are ahout tha right size, but we
must not forgat the inherent limitations oi a screaning program.

Our contracts, then, have stipulated screaning, and we could have com-
plied with thair legal roquirements by conducting this mcraeaaning in the
simplast pomsible yes-or-no terms. We should not, howavar, have been dolng
the best possible job for tho Chemical Corps without extending the terms
of our avalustion somewhat,

['trat., we hava falt that it was essential to adopt a numbar of type
tormulatlony salectad on the hasis of the structura, solubilities, and
occasionally the reactivity of the particular compounds to bo tasted,
Those formulations include:

(a) Solutions in water including, when appropriate, tho addition
of acid or base to form water-soluble salts,

* Pvnnealt Chemlcals Corporation.
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(b) Dispersions in water made by ball-milling, sometimes Lncluding
the addition of & surfactant to aid dispersion, or s colloldal suspension
stabilizer, ‘

(¢) Solutions in water and water-miacible solveant, e.g. alaohol,
acetone, or diacetons alcohol,

(d) Solutions (n xylens, subseaquently emulsified {n water with the
aid of a non-ionic aurfactant,

(e) Solutions in active polvent with subsequent dilutions in the
same non-phytotoxic solvent. (A variety of solvants including butyl
Celloaolve, dimethylformamide and cyclohexanone can ba uswd as solvents in
quantities as high es 90 pounds per acra equivalent with no significant
phytotoxic effactw,

(£) Solutions in activa solvent subsequently diluted with non-
phytotoxic oll,

One can offer objection to the use of a variaty of formulations, since
compounds are thus sevaluated in variable terms., We think that this is not
very important in a scremning program. In particular, when it is desired
to make {mmediate use of the response data for further synthesis planning,
we feel it is important to disclose by formulating expadients whatever
activity the compound under tast may possass.

in addition to the thoughtful selection of an initial formulation, we
very often screen {n two or more formulations, reporting these to the
Chemical Corps by means of additional plant response data shmets bearing
the code number followed by A, B, atc, It is usual to observa differences
in plant responses evoked by differuni formulations, and on ceorsaion dif.
ferences of an order or more are observed,

In ganeral we prefer the use of solution formulations to emuleaion formu-
lations, although the lattar are undeniably convenient. We employ ball-
milled suspangions in water only when it is unfeasible tc use another type
of formuistion, We like to avoid the usa of straight scetone formulations
becauss under our conditions much of the solvent mey be loat in the spray
application and some of the doszge may reach the leaves in dry partlculate
form, which dorg not even make good contact. We avold in genacal ths use
of diwp~raions made by diasolving the compound {n water-miscible solvent
and precipiteting by dilurtion in wat«r, aince we fex] that these mayv tend
to glve frrngutar dosage,

We muv somet {immk us~ other formulseting expsdients much as &dditton of
an antinoxidart sr sndjustment of pH,
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A few additional scraenings have bean run on combinations of wctive
agants where thare was reason to hope for a synergistic affuct.

Other than the variables that have bsen introduced through formulation,
we have carried out a limited number of axtra teats diffaering Lrom the
standard screening.

To preclude any possibility of traces of material being dapouited on
the soil and made available for root absorption, we have sometimes shialded
the soil, In a few cases we hava elavated tamperatures abova the normal
grasnhouse environment. In some cases we have shiclded terminal growth
during spraying to observe possible upward translocation,

All observed plant repponses are noted and raported, including abacission,
desiccation, chlorosis, deformation, plant kill, and effects on trifoliate
growth, ‘

Supplementary screeaning has now been begun on two broad-leafed deciduous
trees, Chinese elm and Norway maple, and on two broad-leafed avergreaens,
English laure! and Euonymous. Two dosagas only ara usaed, one pound and
five pounds par acre equivalent, and obsarvations are continuad for four
weeks. As above, all responses are recorded, Plant spacimens aru dis-
carded after a single use.

About ten per cent of the compounds that we have submitted appear to
warrant this broader spectrum re-evaluation,

As is to be axpected, performance on these tast plants is quita different
from that on beans; the maple and, in particular, the elm respond to many of
the same compounds, whereas the broad-leafed evergreans are quite resistant
to defoliation,

All of us hare who have bean connected in any way with screening pro-
arams arc wall aware of their limitations, and the comments that [ am about
to maks have no great originality.

A scraening program that depends on random compounds such as might he
salactad from a collection of chemical catalogs in a puraly hit-ov-miss
fashion must depand on luck to ba successful, A somewhat higher porcentaga
of active compounds can be expacted from a acreoning program that can impoaa
thoughtful salaction on a large anough collaction of random compounds, aven
Lf those making the selection muat admit to a confiderabla uncartainty as
to mechanism of the desired action, Further, an important increase in the
numbar of hits 18 to be expected from collections of compounds made for the
screaning program, for hare the selector is not limited to immediately
availabla compounds and can draw on whataver knowledge he may have as to
mechanisms, or mora or lass remote analoglaos, or on God-given intuition,
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Now, if there can be a faedback of screaning dara followed by further
directed synthasis, another gain should ba scored and we heve far more than

luck to raly on,

Chemical Corps has depanded on Lts contractors to bring some muasure of
sophistication to bear on the selection of compounds, L{ not speclftc knowl-
edge of the machanism of defoliation, at least broad femiliarity with the
chemistry of plant-growth modifying compounds.

The principal limitation of & scrasning program like ours is that it
gives a measure of final, grossly obsarvable effect, but no inmight whataver
{into the natura of the saeparate physiological and biochemical avents that
culminated in that affect. Wa cannot aveid the view that a succassful
defollant must do thres things. In simplest terms it must get into the
leaf, it must move soma distance, it must cause defoliation, The final
sffact may presumably taku place directly or indirmctly, Thsr s, the com-
pound may mmrve in its own right to activate the abscission area or it may
trigger a chain of evants on tha molecular luvel that ultimstely rasults in
damage to this cell community, or alternatively perhaps, acceleratan normal
events to a normal conclusion., I am, of course, speculating.

We have all observed that leaf desiccation by chemicals is often a very
rapid process, It cen sometimes be obsurved within an hour of eppllication,
One can guess that in such cases the effact is direct rather then via a
triggered chain. Translocation i{s presumably not nocessatry and is probably
more or less inhibited by the desiccation. On the other hand, dafoliation
unaccompanied by desiccation usually involver a lag period, during which
various subtle gvents must be taking place,

Much valuable work has been done and is being done to improve our under-
standing of the phenomena of natural and induced leaf absclssion, Tha
problem has not, howaver, attracted the massive effort that has bean brought
to brar on nther plant-growth control probloms, We sincarely hopa that the
currant program may éngender greatar afforts to wlucldate the naturc of the
processes involved, from the pointa of view of hoth the plant physiologist
and the plant blochemist,



XVI. ETHYL SCREENING PROCEDURES

J.C. Wollensak®

Dr., Closson discussed the synthasis phase of Ethyl Corporation's
defoliant program, and now I plan to tell you something of the screening
procedures that are being used to evaluate the potential defoliants.

The screening portion of this contract is being handled by the
Boyce Thompson Institute for Plant Research in Yonkars, New York.

Dr. George McNew has been Managing Director of Boyce Thompson Institute
for more than 12 years and has been dn over-all charge, during this time,
of many screening programs for detarmining defoliant, herbicidal, growthe
regulation, and other plant effects of chemical compounds.

The personnel at the Institute are currently evaluating agricultural
chemicals for three industrial sponsors. These screening studies are
backed up by the Institute's fundamental studies on the metabolism of
herbicides and the mode of action of fungicides., 1In recent years,
experimental studies have been conducted on the mechanism of abscission,
both natural and induced, on maple trees and cotton plants. The object
of this work has been to determine.the difference in abscission processes
between different plants, These defoliation studies were under the direction
of Or. Plaisted, who is also directing the scroening activity under the
present contract,

In the several-year period up to 1953, an extensive screaning program
on agricultural chemicals was conducted at Boyce Thompson Institute under
the aponsorship of Ethyl Corporation. This program, which involved
screening chemicals for defoliant acticn and other agricultural activity,
included primary mtudies on bean plants, secondary tests on cotton, and
field teats on cotton, Dr. Closson has already mentioned the thiophosphate
defoliant, now commercially known as DEF, which was one wf the results of this
work, Dr, Plaisted was in charge of defoliant testing during tho major
portion of this agricultural chemical program. Dr., Plalsted has conducted
rescarch or. the biochamical changes accompanying absciasion, on free
nucleotides in plants, and on relative phytotoxicity of triazine herblcides
and plant metaholism of these compounds.

During the early phases of the prescent defoliant sereening program
being conducted under Army contract, a number of changes were made in the
primary screening procedure. These changes were worked out jointly by
Dr. Plaisted at Boyce Thompson Institute and by people at Ethyl and the
Army Blological lLaboratories, We were attampting to devise & convenient

I FLhyl Zorporation,
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and efficient screen that would identify the greatest number of compounds
having defoliant activity and, at the same time, indicate the relative
effectiveness of the compounds on a species less susceptible to chemical
defoliation. We also desired a primary screening procedure different aenough
from that conducted under Dr. DeRose at the Army Biological Laboratories

to provide a maximum of information on each compound, with some overlap

to check uniformity of techniques.

Table I shows the primary screening procedure that avolved early in
the program, which we are presently using. Two formulations of tha compound
to be screened are made up in water, one at a concentration of four
milligrams per milliliter and the other at a concentration of 0.4 milligram
per milliliter. To each of thase solutions is added 0.04 per cent of the
wetting agent Triton X-155, The compound aleo is formulated in acetone at
a concentration of four milligrams per milliliter, with the same concentration
of Triton X-155. Twelve milliliters of formulation sprayed on one-third
of a square yard is equivalent to one pound per acre of the compound at the
high concentration and one-tenth of a pound of the compound at the low

concentiation.

TABLE I. PRIMARY SCREENING PROCEDURE

CONCENTRATION,
SPECIES FORMULATIONS pound per scre
PRIVET, 8 to 12 inches WATER 1.0 AND 0.1
' ACETONE 1.0
BLAMK WATER 1.0 AND 0,1
VALENTINE ACETONE 1,0

BEAN, 14-Day

Four plants are placed in a plastic enclosure with afloor area of one-
third of a square yard., Then they are sprayed hy atomizing, through the
top of the spray chamber, each concentration of the formulated chemical.
The spray chamber and spray guns are essentially indentical to those used at
the Army Biological Laboratories by Mr., Frank. The three formulations,
two in water and one in acetone, are each sprayed on two 8- to 12-inch privet
plants and on two 1l4-day-old Black Valentine bean seedlings. In all, a
total of 12 plants are used in the primary screening of each compound., The
choice of these two species lies partially in the fact that the bean seedling
is relatively easy to defoliate chemicglly; defoliation of the privet is



considerably more difficult, Compounds that are phytotoxic to prlvet or
cause foliar abscission of privet most often raosult in more severe damage
to the bean secdlings,

The offcct of the chemical treatment on the plants is ohsorved In the
greenhouse after about 3, 8, and 14 days. Abscission is racorded in tho
case of bean scedlings, as a percentage of both primary and secondary
lcaves abscised. Abscission of privet is rocorded as nona, light,
medium, severe, or total. Those plants that show toxic symptoms caused
by the chemical are rated on a scale ranging from zero for no damage
to eleven for dead leaf. Each experiment is tarminated at the end of
14 days, since the chances are slight of chemical dafoliation or other
oeffects occurring 14 days after application.

As mentioned, the primary scre«ning procedure went through a number
of stages of avolution early in the program, before the procedure depictod
on the slide was used. At first, beoan plants ware treated only with a
low and a high water formulation. Compounds insoluble in water were
formulated in a variety of solvents, including acotone, acetone-cthanol,
and N,N-dimethylformamide. Lt soon became evident, however, that the
solvent had an effect on plant response. Therefore, screening in two
difforent solvents, water and acetone, was undertaken, Nearly all of the
compounds that have been screened are soluble in one or both of those
solvents., Theo final change that was made in the screening procedure wae
substitution of privet plants for half of the bean plants in the primary
screening of each compound.

The effect of solvent on plant responsa is shown in Table 11,

TABLE 11, “PRIMARY SCRESNING RESULTS ON
0,0-BT8(2-ETHYLHEXYL)CADMIUM PHOSPHORODITIHTOATY

[(CH3CH2CH2CH2gHCH20)zﬁ-SJ-Cd

CH3,H2
SOLVENT AGE OF BEAN PLANT, WERTTING AGENT RESULY
dayn AFTER
14 _DAYS
BI1 e/ AR/
WATER 14 Triton X«195 |} B6
ACETONF, 14 " ) 11
ACETONE 7 " ] 71,5
AR
WATER 7 Triton X-155 Death
WATFER 7 ) Twoen=20 No offect

4. Phytotoxicltly on a scale of 1 to 11,
b Ver cont of primary leavea nbacised,
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The compound under test, 0,0-bis(2-cthylhexyl)cadmium phosphorodithiocate,
was propared somo years ago for a propriatary program of Ethyl Corporation.
The compound was tested early in this program on bean seedlings.

1t showed interasting activity in the primary screening program, but
disappointing results in the secondary screening. This compound does illustrate,
though, the effect some of the screening variables may have. 1In the last
column of the table, "P" is phytotoxicity rated on a scale of 0 to 11, and
"A" {s per cent of primary leaves abacised. Formulation of the compound in
water and application to l4-day-old bean plants at a rate of one pound per acre
resulted in abscission of 86 per cant of the primary leaves as shown in the
firet lina., The subatitution of acatone for water in this test resulted
in only 31 par cent abscission. The second and third lines indicate that
the age of the bean seedling was an important facter in our primary screening
procedure. The younger plant in this test is considerably more susceptible
to chemically induced defoliation, The Army results shown in the lasttwo
lines indicate that the wetting agent also can have a considerable effect
on swcreening results, It is gonerally recognized that tho age of a plant
{s an {mportant factor in its suscoptibility to chemical defoliation.
However, the roasons for variation in defoliant activity with solvent and
wetting agent are not completely clear,

1t appears that greanhouse conditions alsc can affect screuning results,
Figure 1 shows the rosults obtained with the commercial cotton defoliant
DEF, which is used as a check during each series of tests. These abscission
data are averages for each month, with three to eight determinations being
made per month, The per cent of defoliation in this figure is a measure of
the abscission of both primary and secondary leaves. Only the primary
leaves are troated with the defoliant, and the secondary leaves emerge during
the two-week observation period, The percentage of primary leaf abacission
{s greater than these figures by a factor of about two. Here, it can be saen
that effectivaness of the compound decreades during the winter wonths. 7Thiz
effect may bv due to any of a number of greanhouso conditions, including
temperaturd, amount of light, or amount of moisture, A second control is
now buing used in addition to DEF for comparison with the other data. We
cannot say that the solvent, the wetting agent, or tho environmment will effect
all def-liants or herbicides in the same way, but they are factors that we
have ~onsidered in the primary servening program,

The sucondary screening procedure is shown in Table III,
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TABLE II1. SECONDARY SCREENING PROCEDURE

FORMULATIONS: WATER AND ACETONFE
CONCENTRATIONS: 1 AND 5 LRB/ACRE

SPECIES: PIN OAK
AMERICAN ELM
EUONYMUS
BOXWOOD
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Forty compounds that showed high activity in the primary screening
program and were representative of all the activa classes of compounds
yet discovered wers placed in the sacondary screaning program., The
same general procedura was used as in tha primary screaning. We have
found that a numbar of the chemical compounds subjected to sacondary
screaning offactively defoliate or desiccata at least one of the four
specica, A few compounds cause severe damage to tho leavas of two or
more spscies,

Finally, a summary of the over=-all primary scraeening results {s xhown
in Table 1V.

TABLE IV. PRIMARY SCREENING RESULTS

COMPOUNDS WITH PHYTOTOXICITY RATINGS

OF 8 TO 11 OR ABSCISSION RATINGS OF 25 PER CENT OR MORE 122
COMPOUNDS WITH PHYTOTOXICITY RATINGS OF

4 TO 7 OR ABSCISSTON RATINGS OF 15 TO 24.9 PER CENT 71
REMAININC COMPOUNDS 297
TOTAL 490

0f the 329 compounds subjected to primary defoliant screening, resuiis
are available on 490, One hundred and twanty~two compounds showed a
phytotoxicity rating of at leaiat 8 or had an abaclssion ratinz of 2% per
cent or more. Seventy-one additional compounds had a phytotoxicity rating
of 4 to 7 or an abscisslon rating of 15 to 24.9 per cant, The remaining
297 compounds showed less activity, These percentages alan must ba
multiplied by two to give the per cent abscisslion of the primary leaves
that were actually sprayed.

We observe these results optimistically and believe that the leads
uncovurad may eventually lead to a dafoliant or herblcide that will bhe
useful for jungle appllcation.



XVIL, MONSANTO SCREENING PROGRAM

stanley D. Koeh¥

Monsanto Research Corporation is a wholly owned subsidiary of Monsanto
Chemical Company. Our greenhouse screening program on this contract is
carried out under subcontract to our parent, in this casa the Agricultural
Research Laboratory of Monsanto Chemical Company in St. Louls,

Screening results are obtained and correlated automatically by Sample
Record and Control, described in yasterday's talk,

The screening procedure on Black Valentine beans is as follows.,
Bean plants are grown in disposabla pots, first four to a pot, then
thinned to two, When the plants have one mature trifoliate and one
partially opened trifoliate they are treated with the test compound,
applied as a spray from a DeVilbis atomizer under controlled pressure.
The compound is formulated either as a solvent-emulsified solution, a
wettabie powder formulation, or an aqueous solution with a wetting agant,
The plants are placad in a greenhouse at 70° to 90°F and obaserved for
defaliation, desiccation, or other abnormality, for two weeks. The
environment in the greenhouse Ls kept free of insects and fungi.

Specias reprasented in our primary and sacondary screenings are
shown {n Table I.

TABLE I. PRIMARY SCREENING

Black Valentins Bean 0.1 and 1,0 1h/acya
Soybean 10.0
Apple Saedling 10.0

SECONDARY SCREENING

Maple

Elm

Pin Oak all at 5, 3, 1, and
Privet ¥ lb/acre

Euonymus

Boxwood

Tlex

* Monsantn Research Corporation,
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A few more active compounds are also being tested on live oak in
thoe secondary screening. Compounds in the secondary screening are
initially tested at five pounds per acre. I active, thay are tosted
successively at one, three, and one=fourth pound per acre,

Table II shows the form o0f reporting used for the data on our
primary scroaning.

TABLE II
B 38008 (on organometallic)
CROPS
RATE E § E¢
ib/acre g E g REMARKS
sPEciEs VARIETY g 2
60% ADS. |0 DAYS
8EAN BLACK 0.l 4 | 4 80% ABS. |4 DAYS
VALENTINE -
SEVEAE DES, 3 DAYS
P] e 4
0 ABS. 10 DAYS
o DES. | DAY
SOYBEAN | CLARK 1000 | I | 4 | 4 | & | aAms & DAYS
KILL IN 8 DAYS
.6 LAY
APPLE SEEOLING | 10.0 o | 4 | o | SEVEREDES.Guw
i KILL IN 10 DAYS
l wed

This example, B35005, is the firat organometallic referred to in
yesterday's talk,

The one group of compounds I wish to mantion by name today is the
quaternary ammonium {odides., Many of these compounds are cxtremely
active against the woody spoacies, So far, [ive have baen found ta be
active against more than one woody apecios at tho low rate of one pound
per acre (Table III).

TABLE III. DEFOLIANTS ACTIVE AGAINST MORE THAN ONE
WOODY SPECIES AT ONE POUND PER ACRE

R35175 phenyltriethylammonium iodide

B35188 (2-hydroxytrimethylone)bis(trimethylammonium iodide)
A35436 2-methylmercapto=4,5-dihydroimidazole hydroiodide
A35477 3-n=dodecylthiazolidinc=2=thione hydroiodide

A35878 propionylicholine lodide

-



The results against elm and privet of these five iodides are shown
in Figures 1 and 2.

78
B 35188 A 38878
A 384368
B 35178
A 38477
g 80|
<
3
n)
'
® sl
ELM
| Ib/acre
0 | I | |
0 ‘ 8 12 14 DAYS

Figure 1, Reaction of Elm to Five Todidox,
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Figure 2, Reaction of Privet Lo Five Todides,

It can be sean that the defoliation activity ia roughly of the same
order of magnitude for all five compounds. In those two figuras thae
most active compound is sahown as a heavier line.

At the higher rate of three pounds par acre, l=methyl=4=picolinium
iodide, number BI5191, ia active againat four woody specios, an is shown
in Figure 3,
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100 YELM
» EUONYMUS
4]
PRIVET
80 PIN OAK
e8
B 389!
|~ METHYL-4 -~

PICOLINIUM 10DIDE

o) - 1 L | ]
0 4 8 2 14 DAYS

Flguee 3, Dofoliant Active Agalnst Four Woody Speciex
at Three Pounda Per Acra,



96

Four iodidos are active against only thrac woody spaciecs at three
pounds per acre, They arc shown in Table IV.

TABLE IV, DEFOLIANTS ACTIVE AGAINST THREE WOODY SPECIES
AT THREE POUNDS PER ACRE

Elm Pin Oak Privet Euonymus

B35150 diethyldimathylammonium X X X
iodide

B35175 phenyltriethylammonium X X X
iodide

B15477 J-n-dodecylthiazolidine- 55%, X X
2=thione hydroiodide 1 day ,

B35878 proplonylcholine iodide 607, : X X

1 day

Finally, I want to show another six quaternary ammonium iodides that
are active against two woody spacies at thrae pounds per acre (Table V),

TABLE V. DZIFOLIANTS ACTIVE AGAINST TWO WOODY SPECIES
AT THREE POUNDS PER ACRE

Elm  Privet Euonymus

B35079 (2-furfurylcarbamoylethyl)diethylmethyl- X X
ammonium fodide

B315171 banzyltriethylammonium iodide X X

B35193 4-[ cyano(hydroximino)maiiiyl] = 10%, X
1-mathylpyridinium iodide 1 day

A35436 2-methylmercapto=4,5-dihydroimidazole X X
hydroiodide

A35479 3-methylthiazolidine=-2-thione 45%, X
hydrolodids 1 day

A33879 wvalerylcholine lodide 35%, X

1 day

Resldes the quaternary ammonium {odides mentioned here, other active
defollants arc being disclosed to the Army and we hopa to have more
classes in the coming quarter,
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XVII1, FIELD TESTING PROGRAM

Kenneth Damaree®

The screening program is carried out in three phases. Dr. Robinson
and Mr, Frank discussed the firat two phases: primary screening of new
chemicals sprayed on l4=day-old Black Valantine beans at 0.l and 1.0 pound
per acre, and secondary screening of the most promising chemicals sprayed
on seedling trees in the greenhouse at one, five, and ten pounds par acra,
The trees chosen for the experiments are maple, spruca, pine, locuet,
privat, pin oak, hemlock, and elm,

The third phase consists of field screening. Compounds that show the
most Activity are applied at rates of five and 10 pounds par acrs to in-
digenous trees 10 to 15 feet tall in wooded areas. This year we sprayed
108 traes consisting of six genera - ash, elm, locust, red maple, northern
rad oak, and chestnut oak. A numbar of compounds used for this test were
Tordon, 2, 4~dichlorophenoxyacetic acid (2,4-D), Diquat, and Endothal, and
aach compound was then combined with Tordon., Because the traes ware spraad
out ovar a4 conaiderable area and the terrain was very rough in apots, we
usaed thres-gallon tank sprayars with a 20-foot hosa and a 9-foot atainlass
steal wand, On the end of the wand ig a 20-inch boom with three No. 2
Whirljet nozzles. The compounds were carefully weighed to the desirad
rates in the laboratory and then poured into the tank sprayer with just
enough watar to cover a trea., The sprayers ware outfitted with prassure
gaugus so that each tree could be sprayed at 30 pounds' pressure, Spraying
is done from a large tank truck so that the spray is directad down on the
foliaga to more closely simulato aerial spraying.

Compounds were applisd on 11 and 12 July, Raeadings will ba taken at
weakly Iintarvals until the 2n2 of September, then at six menths and ona
yaar aftar spraying.

Wa alsc have another area at Fort Meads, Maryland, This area will be
usad to answar the question "At what rate are cartain compounds effactive
1f not affactive at five or tan pounds per acre?' 1In this area, vegetation
consists of scrub pine, maples, oaks, American chestnut, swest gum, tulip
poplar, guaking aspean, and vaccinium, It was marked off in plots and all
vagatation was sprayed. Compounds used ware hutynadiol, Folex, and
cacodyllc acid, These were chosen becausa of their availability {n various
staging arvan around the world, They wara applied at rataa of 10, 25, 40,
%%, 70, 85, and 100 pounds per acre, Data will be takan at weekly intervals
up to tun waaks after spraying and again the following spring and summar,

* U,8, Army Riologlcal Laboratories,

4
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Wo have a nursery at Fort Detrick consisting, at present, of about 1800
trees, and plans for another 18,000 to 20,000 trees to ba planted this fall
in blocks. The species now in the nursery are dogwood, maple, pinae, spruce,
hemlock, bald cypress, and cak. We will reserve 2zma blocks mo that we can
spray trees that are 10 to 12 years old., A logarithmic sprayer wiil bo used
on some plote to determine the minimum amount naceesary for complata kill,

Next year we plan to go into aerial application of sprays, using hali-
copters. We have sean some of the work of Tennessee Valley Authority along
their power lines. We expect to write contracts with TVA, Georgia Power
Company, or one of the larger brush control companies to use their squipmont,
their labor, and our newar promising compounds., We would like to find sub-
tropical areas in the Everglades of Florida or bayous of Louisiana that are
similar to vegetation found in the tropical areas of the world,
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XIX. CONTROL AND DEFOLIATION OF TROPICAL AND SUBTROPICAL VEGETAT LON»

Dayton L, Klingmaniw
Date: Raquast for cooparative work was trunsmitted to us January 30,
1963, Work initiated April 1, 1963.

Place: Work will be done on tropical vegetation in Puerto Rico and on
subtropical vegetation at College Station, Texas,

Spacies: Work will ba done on species that are hard to kill by harbicides
commonly used for brush control such as 2,4,5-T and 2,4-D,
Species will aleo represent diffaerent families.

In Taxas, major work will be done on:

. Common _name Genusa& species Family
Yaupon llox vomitoria Holly
Wingaed alm Ulmus alata Elm
White brush Aloysia lyciondes Varbena
Live oak Quercus virginiana Baech
Huisache Acacia farnesiana Laguma
Groenbriar Smilax sp. Smilax
McCartnay Rosa bracteata Rose

In Puarto Rico spacies that are hird to kill and that are
important {n tropical reagions will be chosen for work,

Nature of Raesearch:

. Evaluata naw chemicala and mixtures of chamicalas for hruah contro!
and defoliation, utilizing:

a. Natural stands of brush speciea
b, Nursary plantings
¢. GUrovonhouse-grown planta

2. Duavelop aquipment, techniques, and principles for improved applica-
tion tachniques,

a, Study mechanism of spray formation in gas streams:

Use small wind tunne! and close=-up ultra-high-specd
motlon plctures to record spray droplet formation,

TR In cooparatlon with Advanced Resoarch Projacts Agency, DOD, the Tuxas
Apricultural lixpariment Station, College Station, Toxas and the Foderal
Experiment Station, Mayaguez, Puerto Rico.

¥ U,S. Depavtment of Agriculture.



100

Study affects of particle size and makeup 5n deposition of
sprays on foliage. Use trecar techriques.

Develop equipment for applying herbicides to small plots in
& nanner that will simulate expected serisal spplication
techniques.

3. Determine effacts of environment on defoliation #nd klllirg sctivity
of different herbicides.

4, Destermine the most effective dosage, volume, formulation, and times
of application.

5. Investigate methods of improving absorption, translocation, end
sctivity of herbicides; study nature of action of selected herbizides
in woody plants; related physiological studies.

Personnel:

In addition tc Drs. Howard Morton #nd Robert Meyer, who were alresdy
conducting rasearch on brush control at College Statlon, Texss, we will
have three weed scientists and an agricultural enginear in Texas and two
weead scientists and an agricultural engineer at Puerto Rizo.

College Station, Texas:

l.

2'
3.

4.

5,

Howard Morton and Robert Meyer assumed temporary responsibility
for initlating the project.

Dr. Morris G. Markla joined our mtaff on July 1, 1963,

Prank S. Davis will be transferved from Nebraske to Texsas in
January.

Vacancy - plant physiologist.

Vacarcy - agricultural engineer.

Mayaguez, Puarto Rico:

l.

Dr. Clyde C. Dowler, transferred from Whiteville, North Seroalina
to Puerto Rico, April 15.

Dr. Fred H. Techirley, trensferred from Tucson, Avizone to
Purrto Ri{co, June il.

Robevt MeCalmont, Agriculturel Engircner, will tranefer f{rom
feltaville, Maryland to Puearto Rico, Septamber 15,
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Progress:

College Station, Taxas:

L. Seventy five acras of land set aside for our usa for a woody
plant nursery by the Texas Agricultural Experimant Station,

a. Trrigation water iw available, and irrigation pipa was
dalivarad Juna 1O,

h., Transplanting was done the weak of June 17, Plans call
for planting each spucies in a saparate block, Each
block will contain 168 plants, The plants will be upaced
four feat apart in rows eight feet apart, Thares will be
42 rows per block and an aight-foot alley betwaon blocks.
The arrangement of plants provides & four-plant yrouping
that should facilitate treatmant,

Transplanted: 1320 mesquite plants
504 live oak
1008 winged elm
336 McCartnaey rose

2, Eighty-acre tract near Carlos, Texas haz bean leased.

a., Has good stand of yaupon, winged alm, and oak,

b, Area was fenced and praepared f{or experimeantal treatments.
Area was divided into 60- by 200-Ffuot landes with l2-foot
slleys, The outside 22 feat will bc sprayed (22« by 200-
foot plots), leaving 16 faet for kuffer strip batwean
traatments,

3. PForty-thres acres near Victoria, Taxas, has running live oak.
Leasa 18 heing praparad, The site will he fanced and stakad
and treatments ara scheduled for late July,

4, Forty-three acres at Llano, Texas, covared with white brush
{8 baing leased and also will ba prepared for treatments,

5. Further axploration is baing mada for suitablae sites for
vegaarch on huisache, greenbriar, rvunning live oak, whita
brush and other brush,

6, A 3/4-ton pickup to be uaud for mounting a 3e-saction road-
side dpray boom was deliverad June 20, It should he ready to
put traatmenta {n the fiald by mid~July,

7. A plastic greenhousa was finished in June (on other funds).
Plans are being remadied for construction of a 30- by 40-foot
tamporary, lnsulatad, alr-conditionad metal bullding Lo be
uaed ag o (1ald lahoratory, [n addiclon, two fiber-glass
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greenhouses are to be erected adjacent to the plastic greenhouse,

8. Office and laboratory space is baing provided for our personne!
in the new Plant Science Building end in the Agricultural
Engineering Building at Texes A & M. Also, the Texas ‘fgricultursl
Expariment Station has provided warehduse avea, sbout 50 by 50
feet, to be used for shop, machinery and storsge.

Maysguwz, Puerto Rleco:

1. We had no work underway in Puerto Rico, therefors, Dr, W, B,
Ernis, Jr, and I spent the week of March 3 there and st St.
Croix to establish cooperativa relations with appropriste
authorities,

2, Drs. Tschirley and Dowler of the Crops Protection Resserch
Rranch met Drs, Williams and Smith of the New Crops Research
Brench {n Puerto Rico during April 14-27, 1963, They spent
most of the two weeks becoming familiar with possible sitas
for rearerch and the species available and developing o
classification grouping of important species for consideration
in developing research plans, ‘Tthey met Mr, Frank Wadsworth
and others of the U,S. Forest Sarvics; Dr, Woodbury, botanist
and Dr. Roque, Director of the Puerto Rico Experiment Station;
Dr. Benjamin Seda, Director of Commonwealth Forests; and Jow
Migual Garcia, Assietant Secretary cf Agriculture, All geve
help and expressed willliingness to cooperate,

3. One site on the Luquillc National Forest (rain forest) has been
seulected for experiments, others will be selected on the Maricac
and Guanica Commonwealth Forests., Initially, soil-applied
herbicides will bhe evaluated on these foraats that differ in
s~{l types and range in rainfall from 25 to more than 100 inches
annuelly, Foliage spraying will have to be done initielly on
private lands. It is exprmcted thst necassary land cin be
leased. Finding sitms where folirge spraying cepn be done {3 a
difficult problem.

Botarical lnvestigationg - Beltgville, Merylend:

Ar {redepth llterature survey on the boteny of Southraat As{a hax bean
initiat~d, Thie Ls prereculsite to all present-day studfes on the vegrta-
tion 2f that srea srd {8 not, to our knowledge, being underteken elsewhere,
Ir additi{on & liat hag hean compiled of all genera of Preridophytes (ferns
and thetr 411les) ard Spermatophytes (seed plants) krowr to occur in the
wsrribbean [slands, A similar 1iat will b~ prepared for Southcast Aslz,
Thea= Lists will provide & starting point for considerstion of ~lemesrts
commar to the two reglons {n developing gutdelives for the selectlon of
plénts and sites for herbicide testing.
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Coordination with Resaarch Activities Conducted by Ft, Detrick under ARI'A
Order: —

Several moatings of ARS and Ft., Detrick personne! have bean hald to
exchange Information and to facilitate coordination of the cooparative
work sponsorad by ARPA, Thesa meatinga have baen fruitful and will ba

continued,

Conclusion:

We believe good progress has baen made on this project. Wa baliave
such concentrated rasearch efforts will pay off in new findings {n tha
araa of brush control.

y,



XX, TORDON HERBICIDE FOR VEGETATION CONTROL

Mark G, Wiltse®

A. INTRODUCTION

Tha Dow Chemical Company has been actively involved in evaluating
chamicals for plant-growth control since the late 1930's. Raesasrch labora-
torias involved in plant-growth control projects have been located at Saal
Beach and Plttsburg, California, Lake Jackson, Texas and Midland, Michigan,
Projects involving synthasis and scraaning of chemicals arae conducted at
thesa locations, 1If a compound shows sufficient activity to ba considarad
for further aevaluations for plant-growth control in the fiaeld, plots are
establishad at field research stations, which area located at Davis, California,
Greanville, Mississippi, and Midland, Michigan, An oxtensive woody plant
nursery Ls used in research evaluation of potantial new products. Whan com-
pounds continua to show promise in fiald rasaarch plots, experiments are
conducted (n many differant locations to incorporate various spacias of
weads and woody plants growing under differant soil and rainfall conditions.
Only a fww compounds survive this rigorous screening and are introduced
to rasaarch agencias outside of our Company.

Tordon =~ Dow's trademark for 4-amino~3,5,6~-trichloropicolinic acid -
has undargona axtensive reseaarch avaluation and has recently baeen ralcased
outaldn of our Company. It im 8 highly active herbicide and plant-growth
raguletor, It shows considerabls promima for control of many woody plant
spaciam that up to now have bean a problem to control. At relatively low
rates of application, its growth-regulating affect is ovident in stimulation
of the xrowth of bluagrass, tha growth of beans, and the rooting of hibiscus
cuttings, Othar growth~regulating proparties have also been observed in
limttad atudion with Tordon,

In neenaning ranta, Tordon provad to ba vary active for the control of
many hroadluaved plants, Rates as low as ono-half ounce par acra in foliage
spravs have controlled such weads as lambaquartar, wild buckwheat, and pig-
waad and have killed crop plants such as tomatoas, soybeana, and paanuts,
Tordon (8 apparantly rapldly absorbad through leaves of plants and trans-
Tocated thronghout the plants in a vary short tilme, Tordon {m alwo roadily
takan {n by plant roots, Most broadleavad planta are wmuwncaptible to Tordon;
howsvar, the Brasslca spp, have conafdarable tolerance to Tordon and somo
spr A talurnty spplications of ona to 2 pounds par &c¢ra, Howaver, on
many plants, Wordon harblcide L{a many timas more active than phenoxy com-
pounds ruch ry 2,4-D and 2,4,5-0', Most grassas ara tolevant of ratas of
Torcdon that will kill broadleaved plants,

* The Dow thamical Company,

Best Available Copy
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In early evaluation tests, Tordon herbicide appeared to ho very active
on severxl woody plants as leaf-stem sprays and soil treatments,

B. LEAF-STEM SPRAYS

A proliminary study was conducted on two-yaar-old plante growing in ona-
gallon cans, A wetting spray was applied to thao leaves and stems of tha
plants, using approximataly 200 gallons per acre of spray solution, Table 1
givas the per cent top-kill whaen observed 22 weeks after troeatment,

TABLE 1. PER CENT TOP-KILL 22 WEEKS POLLOWING LEAF-STEM SPRAYS
WITH TORDON AND 2,4,5-T

Tordon 2,4,5-T

3/4 1b, 1% 1b, 3 1b, 1% 1b,
Plant Speciews aehg.» ashg. ashg. aehg.
Prunus ilicifolia 100 100 100 98
Rhamnus californica 100 100 100 3
Ceanothus thyrsiflorus 100 100 100 100
Quercus agrifolia 78 100 100 20
Salix spp. 100 100 100 78
Rosa californica 100 100 100 48
Pinus coulterii .- 83 100 43
Pinus radiate e 72 100 2
Pinus halepensis .- 100 100 10
Pinus canariensis --- 22 68 8

* Acid equivalent/100 gallona

Leaf-atem sprays were applied with aprayers in many cxperimentas to evalu-
ate the affect of Tordon on brush species in the United States and Caribbean
aret . All of these axperiments ware evaluated at the end of the firat grow-
{ing scason and, with several species, results were detarminad at the end of
the second growing acason., In & test conducted in Michigan, Tordon at one-
half pound per 100 gallons gave completea top-kill without resprouting of
wild red cherry (Prunus pensylvanica L.), willow (Salix spp.), silver maple
(Acer sexcharinum 1,), quaking aspen (Populus tremuloides Michx.), masturn
cottonwood (Populus deltoides Bartr) and paper birch (Betula papyrifera
Marah,) when wuvaluated a year following treatment., White ash (Fraxinus
amerfcana L,) was not effectively controlled with Tordon at one-half pound

per 100 gallons.
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Experiments conducted in Mississippl indicated that Tordon at one pound
pet 100 gallons was more effective than 2,4,5-1 and 2,4«D at four pounds
per 100 gnllons on a number of woody plants when evaluated the second prowing
scason. The following species were effectively controlled with Tordon at
one pound per 100 gallons in these experiments: rod bud (Cercis canadansis
L.), poison ivy (Rhus radicans L.), dewberry (Rubus spp.). red vine (Brunnichia
girrhosy Bank), sweet gum (Liquidamber Styraciflug L.), and sassafras
(Sasmafras albidum (Nutt.) Nees).

In other tests, Tordon contrelled with sprays several species that
normally are not cffectively controlled with sprays of 2,4-D and 2,4,5-T,
Most coniferous specles were very susceptible, Table II gives the summary
of contro! ratings macde a minimum of five monthka after treating of some
coniferous species included in these experimants,

TABLE II. SUMMARY OF RESPONSE OF SEVERAI CONIFERS SPRAYED
WITH LEAF-STEM SPRAYS OF TORDON AND ESTERON 245 0.5.a/

Average Control Rating (0-10)E/

Esteron
Tordon 245 C.8,
1/2 1b, 1 1b, 4 b,

Commnon Name Scientific Name achg, achg. aehg,

Spruce Picea glaucs 10 10 )
{(Moench) Voss

yalsam Fir Abies bglgameaq 10 9 4.5
(L.) Mill,

White Cedar Thula occidentalis L. 10 - 3

Loblolly Pine Pinug taeda L. 7.3 10 1,5

Short leaf Pine Pinug echinata Mill, 6.5 10 2

Slash Pine Pinus caribaasa 10 10 9.5
Morelet

Red Cedar Juniperus - 10 -
virginiana L,

Long leaf Pine Pinus guatralig - 8 -
Michx,

Virginia Pine Pinus virginiana 10 - -
MY,

Ground Juniper Juniperus 8 10 1
deprosga Purah.

White Plne Pinue strobus L. 2 8.5 2

A. Esteron 245 0.8, contains four pounds per gallon of 2,4,5-trichloro-

phenoxy acetlc ncid aa the propylene glycol butvl ether ester.

is u repistered trademark of The Dow Chemical Cempany.
b, Control Ratings (0 = no affect, 10 » complete kill),

EKsteron
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Some species of conifers appear to be more tolerant than othars; however,
all conifers are more susceptible to Tordon than to 2,4,5~T,

The maple (Acer) species are very suscaeptible to Tordon. Control of ra=
growth of red maple has been outstanding. A summary of the responsc of
several species of maple to Tordon and Esteron 245 0.8, harbicides observed

cf five months after treating is given in Table III,

4
a minimum of five mo

TABLE III. SUMMARY OF RESPONSE OF MAPLE (ACER SPP,) SPRAYED WITH
LEAF-STEM SPRAYS WITH TORDON AND WITH ESTERON 245 0.8,

Average Control Rating (0-10)

Esteron
Tordon 265 0,8,
1/2 1b, 1 1b, 4 lb,
Common Name Scientific Name aehg. aehg, aehg.
Hard Maple © Acer saccharum 9 9 8
Marsh.
Red Maple Acer rubrug L. 10 10 8.5
Silver Maple Acer saccharinum L. 10 10 9

Tordon killed the stems of maples within three months of spraying and
no regrowth occurred. Regrowth from the root collar was noticed during the
season of treatmeiii on similar plants treated with 2,4,5-T, It is well
recognized that 2,4,5-T is ona of the moat effective phenoxy herbicides for
the control of mapla.

Several woody plants that have been a problem to control because they
are prolific root sprouters have baeen suscaeptible to sprays with Tordon,
A summary of the control ratings made on soma of these spacles in axperi-
menta {n the Eastern United Staces is presented in Table IV.
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TABLE IV, SUMMARY OF RESPONSE OF BLACK LOCUST, SASSAFRAS, AND ASPEN
TREATED WITH LEAF-STEM SPRAYS OF TORDON AND WITH ESTERON 245 0.8,

’ Eateron
Tordon 245 0,8,
1/2 1b, 1 1b, 4 1bs,
Common Nama Scientific Name ashg. aehg. aehg.
Black Locust Robinia pseudo- 10 10 6
acacia L.
Sassafras Srasafras albidum 10 10 8.5
(Nutt.) Neas
Aspen Populus alba L, 9.5 10 10

A lint of the ralative susceptibilities of some woody plants to Tordon
i included in the Appandix,

. SOIL TREATMENTS

Laboratory studies on mesquite (Progopis juliflora (SW) DC.), honey
locust (Gloditsis tricanthos L.), and ash (Fraxinus uhedii) growing in one-
gallon cane have suggested that Tordon can bhe effective for the control of

thease spucies by soil treatment. Tha rasults in Tabla YV waera obtained in
a praliminary test obssrved sevaen months after treatment,

LE V., PER CENT KILL FOLLOWING SOIL TREATMENT
WITH TORDON AND FENURON

Lb, Per Acre Mesquite H. Locust Ash

Tordon 5 100 100 100
10 100 100 100

20 100 100 L00

40 Lou 100 100

Fenuron 5 10 473 0
10 95 Lk 5

20 95 70 10

40 100 100 10
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Field cests vith soil applications of Tordon at five pounds per acre
applied in the early spring controlled both sassafres and silver mapla.

Additional tests were conducted in North Americs with the pallated

treatment, They suggest that many susceptibla species such as black locust
and sassafras can be controlled with rates butween four and six pound: por
acre of Tordon, Most woody plant species can ba controllad with six to

ten pounds par acre applied in the early part of the growing season when
rainfall can be expected after treatment to cearry tha chemical {nto the
root area of the plant, Additional experiments are being conducted at the
preaent time on the possible use of soil applications of Tordon for the
contr~’ of many different species of woody plants growing under varicus
soil and rainfall conditions.

D. TOXICOLOGICAL INFORMATION

Toxicological studies indicate that Tordon herbicide is safe to handle
and should present no harard to men or animals when used as directed. It
has & low acute oral toxicity with LDy value for rabbits, mice, guinea pigs,
chicks, and rats ranging from 2.0 grams (for rabbits) to 8.2 grams (for rats)
per kilogram of bLody weight, It also is low in chronic toxicity and presents
no serious haeard from eye and skin contact or skin absorption.

To better determine the effect of accidental ingestion of Tordon by
large animals the following expariments wers conducted:

Tordon was administered as the potassium salt to sheep at the rate of
100 milligrams per kilogram of body weight each day for 30 days, individual
yearling calvea were given single oral doses of 750 milligrams per kilogram
of body weigiit, and shaep single oral desas of 1000 milligrams per kilogram
of body weight. None of the animals showed any evidence of ill effects.
Tordon was included in the rations of self-fed swine and chickena at the
rate of 45 ppm. There was no evidence of il] effects as shown by weight
gains or feed conversion in these expariments. These results indicate that
no hazard exists for large animals accidentally consuming vegetation treated
with Torden.

Experimentz were ccnducted to determing the effact of Tordon on fish.
Untreated Lake Huron water at 50°F was used in the test which was run for
96 hours. The results from some of the experiments (Table VI) indicate that
Tordon is relativaly low in toxicity to [ish,
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TABLE VI, MEDIAN TOLERANCE LIMIT (TLM) AND MAXIMUM SAFE LIMIT
CALCULATED IN PARTS PER MILLION OF
TORDON (AS THE POTASSIUM SALT) FOR SEVERAL FISH SPECIES

Concentratian, ppm.

Max imum
Safe Limit TIM

Fat Head Minnow (Pimephales 21.6 29.2
promalas Rafinaesque)

Graan Sunfish (Lepomis cyanellus 8.9 90,7
Rafinasque)

Black Bullhead (lctalurus melas ! 69.1 90.7
Rafinesque)

Brook Trout (Salvelinue fontinalis 69.1 90.7
Mitchell)

Brown Trout (Salmo trutta fario 21.6 51.8
Linnaeus)

Rainbow Trout (Salmo gairdneri 21.6 50.1
Richardson)

Ramshorn snails and daphnia were maintained in tap wataer containing
various concentrations of Tordon for 22 hours at 72°F., Tast organisms
ware not affected at concantrations of 30 ppm, but injury did occcur at
40 ppm., Based upon these findings, it is believed that the accidental
contamination uf stream or pond watar with Tordon when used for woody
plant control would not be hazardous to the fish population,

K. SUMMARY

Most woody plant species in the United Scates are controlled with leaf-
atem sprays using Tordon at one-half to 1 pound per 100 gallonk, A com-
bination formulation using Tordon at thres-fourth pound and 2,4-D at two
pounds par gallon (Tordon 101 Mixture) and used at one gallon par 100
gallons of wator am a leaf-stem apray has offactively controiled a broad
range of woody plant spacies in many experiments., A faew spacies, including
ush, have not been controlled effectively with this rate of application,

In a limlted number of trials, ash has haen controlled with sprays con-
taining Tordon at two pounds per 100 gallons par acre. Tordon herbicide

i ruadlly translocated from the roots to the above-ground parts of tha
plant, Hence, on ash and other species that are more tolarant, sprays
should be applied to the soil around the root collar as well as on the

stams and lcaves., A combination of Tordon plus 2,4-D, which has given
uxcallont. control, ahould ha coneidered for use wheroe broad-spactrum control
of woody plant growth is desired,
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Soil applications of Tordon formulated as a pellet have been encouraging,
3011 conditions and rainfall following treatment apparently will influance
ths control chtained, Highly susceptibla plants auch as sassafras and black
locust have been controlled with rates as low as four pounds per acre of
Tordon applied early in the growing season when rainfall occurred after
treating., Higher rates may be required for some other species under less
ideal socil and reinfall conditions. Toxicological information accumulated
to date suggests that Tordon is a relatively safe matarial to usa,
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APPENDIX

RELATIVE SUSCEPTIBILITY OF WOODY PLANTS TO TORDON

HIGHLY SUSCEPTIBLE

Botanical Name

Abies baluames (L.) Mill

Abrus precatorius L.

Acacla farnasiana (L.) Willd.
Acacia villosa Willd,

Acar macrophyllum Pursh.
Acar rubrum L.

Acer saccharinum L.

Acar 2accharum Marsh,

AanI oregona “oregona Nutt.

Jnul rugosa DuRai Eprengl
Amgalog:i- aborea (L,) Koahne
Arctostaphylos viscida Parry
Botula lutea Michx.

Batula pa gxrifer Marsh,
Borraria laevis (Lam.) Griseb
Brunnichia cirrhosa Banks
Bryophy lum pinnatu; pinnatum (Lam.) Kurz.
Garys globra (Mill.) Sweet
Carva ovata Mill & :
Lagsia “occidentalis L,

Ceanothus cuneatus (Hook.) Nutt.

ltis laevigata Willd,
altis pallida Torr,

Caphalanthus pubescens Ref.
Condalis obovata Hook,
Cornue tloridn L,

Cornus to;onifer Michx,
orglu americana Walt,

Crataegus »p.
Crotalaria varrucosa L.
Cxtinu aggggriul (L.) Link
Dionggros virginiana L.
Fehitas umballata Jacq,

Flamingia strohilifaera (L.) R. Br.
sluditsia triacanthos L,

st e e ———eve

Juniperus depresssa Pursh,

Juniperus virginiana L.
Larix iaricina DuRoi

Liriodendron tulipifera L.
Lonilcars Japonica Thunb
Lyclum andersonl Gray
Mimora wp.

(9]
>

Cs

Common Name in Ares Testad

balsam

red bead vine
huisache

vallow tamarind
big leaf maple
rad maple
silver maple

- hard maple

red aldar

black alder
papper vine
mnanganita

gray birch

papar birch
buttonwaed

red vine
leaf=of-11ife
hickory

shagbark hickory
John crow pas
buckbrush
hackbarry

spiny hackbarry
button bush
brazil

flowering dogwood
rad osier dogwood
hazelnut
hawthorn

rattla weed
Scotch broom
persimmon

whita nightshade
wild hopa

honay locust
black walnut
ground juniper
rad cedar

larch

tullp poplar
Japanese honeysuckle
wolfherry

mimosa
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Momordica charantia L.

Morus rubra L.

Nyssa gzlvatica Marsh
Oxydendrun arboreum (L.) DC.
Picea Abies (L.) Karst

; [T glluca (Moench; Vces

Pinus auptralis Michx.
P;nu caribaaa Morelet

Pinup gghinatl Mill,
Pinug Strobus L.
Pinug Taeda L.
Pinus virginiana Mill,
;gon; aculeata L.

Pichngcllobium (}-F
Populug deltoides Bartr,

Populus grandidentata Michx.
Populus tremuloides Michx.,

Prosopis ]uling a (SW,) DC,
Prunus emarginata (Dougl.) Walp.

Prunus penngylvanica L.
Prunuu sarotina Ehrh,
Qunrcu nurifo;i Michx,
Quercus Phellos L.
Quarcus rubra L.
Rhcmnu! al;gornig Esch.
Rhus diversiloba T. and G.
RhUI glabra L.
Rhu radicans L.
Rhu! typhina Nutt,
ggbini pseudo-acacis L

Rosa bracteata Wendl,
Rosa ubiginoua L.
Rubus spp.
Rubuu SPD.
Rubun progcerus P. J. Muell.

Rubuu lgectabilﬁ Pursh.
algx longifolia Merkl.
Salix nigra Marsh

Sambucus canadensis L.
Sambucus simpsonii Raehder

Samsafra albidum (Nutt,) Noes
Sida sp.

Solanum ficifolium Ort.
Solanum torvum Sw.

cerasae bush
mulberry

blackgum

sourwood

Norway spruce.
white spruce

long leal pine
slzash nine

short leaf pina
white pine
loblolly pine
Virginia pine
cockspur

eastern cottonwood
large=-tooth aspen
quaking aspen
mesquite

bitter cherry
wild rad cherry
wild black cherry
laurel oak
willow oak

red oak
California coffeaberry
poison oak

smcoth sumac
poison ivy

sumac

black locust
Macartney rose
wild rose

wild blackberry
dewbarry

Himalaya blackberry
Salmonberry
willow

black willow
elderberry
southern clder
sagnafras
broomwaed

guily bean
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;uxodlum ascendous Brongn. pond cyprass
Taxodlum distichum (L.) Richard . bald cyprass

Thuls occidentalis L. northern white cedar
Tournefortia hirsutissima L. chigger nut
Tournefortia volubilis L. o=

Tsuga canadensis L. + hemlock

Ulmus alata Michx, wingad elm

Ulmus americana L. Amarican elm
Urechites lutea (L.) Britton yvallow nightsghads ™
vitis wp. grapevine

Waltheria americana L. raichie

Zanthoxylum Fagara Sarg. lime prickly-ash

MODERATELY SUSCEPTIBLE

Botanical Nama Common Name in Area Tepted
Acacla tortuosa Willd, wild poponax
Bourrerla 8P, use
Bumalin lunuginosa (Michx,) Pers, wooly camelia
amgnl radicans (L.) Seem. trumpat creeper
Carya illinoansis (Wang) Koch pacan
Cascaria ap. wae
Cascaria hirauta Sw. S wild coffea
Casnia o mnrg;nnta L, sen
Carcis canadensis L. redbud
Chamaabatis foliolosa Benth. Mt. Misery
Didspyros texana Scheele black parsimmon
Ehratla tinifolis L. . .-
Ilex glabra (L.) Gray gall barry
Liguidambu Styraciflua L, swaetgum
Maclura pomifera (Raf.) Schneid. osage orange
Malgtphia glabra L. .-
Myrics heterophyila Raf, wax myrtle
QOpunt.ia sp. prickly pear
Piscidia pincipula (L.) Sarg. -
Pisldium ap. guava
P'ouuplu ¢hilensis Stunte, cashaw
Thoudotsuge tazifolia (Poir.) Britton Douglas fir
Quarcus alba L, whita oak
Quarcns Chapmanii Sarg. Chapman oak
Quureas Lncana Bartr, bluajack oak
Quareus Tacvis Walt, turkey oak
Quercus marilandica Muenchh, blackjack oak
Quurcus myrtifolia Willd, myrtle oak
Quarens nigra L. black oak

Best Available CGo~
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Quercus Ezingg L.

Quercus stellgts Wang.
Quercug virginiana Mill.

Schaefferig frutescens Jacq.
Selloa glutinoga Spreng.
Zanthoxylum flgvum Vahl

Cissup sicyoides L.

Sornus Drummondii Meyer

groton linearis Jacq.

Eupatorium odoratum L.

Forogteria texgna Cory.

Eraxinug americana L.

Eraxious pennsvlvanica March.
Gaultheria ghallop Pureh.

Guaigcum officinale L.

Heliotrgpum indicum L.

J1lex opaca Alt.

Lantana camara L.

Leucaena glauca (L.) Benth

Ligustrum lucidum Ait.

Lithocerpus densiflorug (R.3r.) Abrams
Magnolig virginigna L.

Mahonia trifoliolata (Moric.) Seale
Morinda royee L.

Petitia domingensis Walp.

Porlieria gngunggggl g (Engslm.) Gray
Quercug g uglagii Hooker and Arnott
Quercu! wiglizeni Engelm,

Sabal minor (Jacq.) Pers.

Serenoa repens Bartr. Small

Smilax spp.

Stachytarphenta jamajcensis (L.) Vahl

Yageinium ovatum Pursh,

Yuraa filamentosa 1.
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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
EDGEWOOD CHEMICAL BIOLOGICAL CENTER
5183 BLACKHAWK ROAD
ABERDEEN PROVING GROUND, MD 21010-5424

REPLY TO
ATTENTION OF

) AT
RDCB-DPC-RS 03 MAR 200

G mAar

MEMORANDU U Edgewood Chemical Biological Center, Technical Director,
(RDCB-D/M ienand), 5183 Blackhawk Road, Aberdeen Proving Ground, MD 21010-5424

FOR RDECOM Office of Chief Counsel (AMSRD-CC/Mr. Brian May), 5183 Blackhawk Road
APG, MD 21010-5424

SUBJECT: RDECOM Freedom of Information (FOIA) Request

1. References:

a. Army Regulation 380-86, Classification of Former Chemical Warfare and Biological
Defense, and Nuclear, Biological, and Chemical Contam1nat10n Survivability Inforination, dated
22 Jun 05.

: b. Army Regulation 25-55, The Department of the Army Freedom of Informatlon Act
Program, dated 1 Nov 97.

2. The request from RDECOM asks for release of the following three documents pertaining to
agent orange. ECBC subject matter experts have recommended allowing public release for these
documents.

a. Technical Memorandum 46, Field Screening of Desiccants and Defoliants, Kenneth D.
Demaree, April 1964.

b. Proceedings of the First Defoliation Conference, 29-30 July 1963, published January
1964. : '

c. Technical Report BWL 16, Défoliation and Desiccation, Preston, W.H., Downing
C.R., and Hess, C.E., July 1959.

3. The ECBC point of contact is the undersigned at 410-436-7232 or 1une.'seliers@us.armv.mil.

Concur with ECBC's recommendation. _A,...‘, \L éj v

BRIAN A. MAY JUNE K. SELLERS
FOIA Officer, HQ RDECOM ECBC Security Manager

MAY.BRIAN.A wavemannrosssstass
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