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This Poport wes prepared at the direction of the Armerican ~n:tassador
to Yietram bty a apucial Coumitiue represanting the Embassy, FACY (in-
cluding CONDS), USAID and JUSPAD.

Tw Herbicide Pollicy Revisw was part of continuing efforts %o ase
soss the efficacy of herbicide programs in terms of military berefits
to the A3lied Foreas-=Scuth Vietnazese and Awerican as well as 1:2se
of the other Free iorld nations- .23 compared Lo aconceic costs and
rossible ecological effecta. Addationally, tos Comitics was erarzed
with exanining cursent procedures and techrigzes ¢nmployed in amplessnte
ing the progcrans with & vaew to pessible ruccoanendations for ¢hanzes
and improvesents thit would help =aximize the benefits #ad mini- ze
the costs and ecologacal effectc,

Ths Coxxtittes conducted the review during the peried Yarch = fay,
1968, Findinzs and recommendations wers based upon inforsation cttaized
from a wide range of docuzents, the tesiitony of many hss:oa.rilltary
and civilian officers, and the specialized knowledpe contrituie. ¥
four eonsulilng scientiste, thres of whom vore espscially broucst iros
the United States to participate in the Comaritees work,

The Commandsr, US Military Assistance Coxzand, Viatna=, the
Hinister Counselor for Political Affairs, the Acting Divecter, UINID,
and the Director, JU3PA0, concurred in tho Report of the Cozzittes,

The Report on the Herbiclde Poli:y Revicw was reviewed I:'qr the
Azbassador and aprroved by him on August 23, 1968.
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AS NOTED IN THE NTIiS ANNOUNCEMENT,
THIS REPORT IS LESS THAN 50% LEGIBLE.
HOWEVER, IT IS THE BEST REPRODUCTION
AVAILABLE FROM THE COPY FURNISHED
NTIS BY THE CONTRIBUTOR.
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KEPORT OF THE fERBICIOE POLICY REVIEW COMMITIZE

L3

. - I 2!'1.5 neipal Findines and Pecow“egdations’* ) ‘
-  t—t ¢ et . ."‘ . *"':h? .,;-'--:.‘—--.
I Overview a
) From a military point of view, the US/GVN herbicide program
. has been successful, Its military benefits, especially in
v * defoliation operations, have been cliearly demonstrated.

As with other military activitlies conducted Jointly by the
U3 and GVN in the vrosesudllon of the war, however, the herbicide
progran carrics within it the potential for causing serious adverse
impacts in the econonie, social, ana psycholog;cal field, The
progras has ther=fors been conducted [rom its teginning in late 1962
under an elabsrate system cf policy and operational controls., A=
3 result, these effects have net been parmitted to develap Into
gericus policy problens. ‘e .
Nevertheless, the progranm has incurred svostantial coats.
Some of its econcmie costs, as is inevitable in war, are sizeable
' and involve permanent losses, It is within the capability of
the US and the (.Y, however, to reduce and even eliminate soze
' of these cost by-produets of the progran., The psycholosizal cests
_ of the program hive not bzen serious or unmanageable, however the
t public affairs efforts in support of the progrin could te considerably
{ . icproved,

; " The manage:ent of a program as wide-rangisg and requiring, as
_— . it does, the participation and specialized lmoviedge of so many

. people in different places, is bound to create problems of policy,
) . administration, ind communication. There have also been protleas
LT e sterming frem lack of detailed irformation in sertain key aspects’
i -7 . of the program. '

P e In welghing the overall costs, problems, and unknowns of the
i herticide progran against the benefits, the Comxittee considers

: that, on balance, the lalter clearly outwsigh the former and that
the program should be continued and refined in accordance witi the
findings and recomzendations contained in this Report.

t‘:.,a-

#A11 of ths Comnittee's firdings and recommenditicns are presented
~Jdn detail in Sections A through G,

3
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1, Dafolifation. The dafoliation prosran hes beon instrumantal,
and at tiT2s dozicive, in ovaneczing thay difficully of Jocating tho
enemy in heavily forosted ecobat Sonas, It has thersby holpad enable
Allted forcas to masizisr *hzip edvanisre of suprrior mobility cnd
firepoder, It has alse ¢ thanced thy zeeurity of Alded ldnas of
‘eooxunication end £o211107o7 by Ralping 0 elininate ensNy CLobush
sites and by providing dofensiva flelds of fir:, Thus, both
offensively aad derensively, <¢afaliution has rodused tha meber of
umen and thy equipmynt equired o ecnbst nissicas, has protoctad

- wap caterisl, and mor¢ ioportantly, has helped to sive rany Allied
-ves, ) .

2, Eeemeate Costs. The defoliaticn prograz, howewvor, has -
tnouyred sate sUBSLEATIL) eosts for thy United States ea wall as
for the paople erd Covericant of thay Rapublie of Vietrnan,
(2] larpe otands of earchantadle tfsbar in Wap Zenes € and
[/ D have beor domupad end rany troos killed, The ferasis of Vietnan
are ene of 1ta zoa% {mportant ponavible ratural roaguarces snd
© future acuress of omplérmint, PRrplatod apnlicadicn of difoliznts in
these Zones eruld serioualy retard regimnaration of thaze forests.

{d] Dam:ge to erops in IIT €72 his baan atiributed to
defolintion cperat.cns, Further fnvoatsrotion Indientss thats these
erop loszar rosule:d o1 o coxdinition of couces dneluding plont
diseases, lack of nffoetive fartar cars, harbictds drids, targating
and navigational e srors, tborticn uf spray nissions, end dafeetive
squirtont «n apray planes, It haa not baon pessibla to daterning
I;::a:uch €efoliation operations kave been tesporsible for this

£e, . .

fe} Th2 allegad threat to the 1tfe of th2 rubber plantations
s, in 1967 414 not materislize. _

3. Ecolonienl Conssausneas. Ths esolozieal 1-niet of hardloetde .
operations Lo &aty Je2s nmov aprier to by sariovs, Thd herdicida
progran has no effact cu procipitatisn, caused 2av7 sindogl
Jatertration of the sefl, end sprapantly ks had 1Ltide or no
effect on nicromor;anisus in the sell syatos, It bas killad lasze
stends of mansrove siiieh w1l prodadbly ro-sstadlizh thaasalvaa

———n—.
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in about 23 years, Thers has Yeen no apparent effect on fish. It
has probably cavsed soms reduction in the number of birds and inver=
tebrates living in the mangrove swarps., Semideclduous forests,
eapecially In War Zenes C and J, have been severely aifected. The
regeneration of thess forests could be seriously retarded by
repeatsad applications of hectlecide., A few rare animal species zay
have been elininaed from War Zenes C and D 23 a resuld of overall
allitary operations,

L. _Crop Destruction, Crop destruction operations censtituted
pproxizately 154 of the herblicide effort in 1957, They
destroyad an estlirated 80,000 itons of paddy rice in 1957 -
representinz 1.757% of the tatsl ries production of the country.
. However, crop destrucition operations are directed against specilic
targets, As such, they are designed Lo affect the epexy food supply
..3n lecalized situations,only. There is evidence that food
shortagss, for which crop destruciion efforts were paritly respensible,
have at timss created logistical problens for the enemy - cspecially
in the Highlards and in mountaincus parta of Binh Dinh, Phu Yen,
and Quang Rgai provinces,

The pain inpact of crop destruction, houever, falls upon the
eivilian populaticn of the eneny-held or conlested areas where the
operatio-ns will take place. An estirated 90 of the crops destiroyed

in 1$57 were grown, not by VC/AVA rr.ilit,ary p.rsonnsl, but by the
eivilians living thera, The Hission has very little systeratice
information 2boit the econonic and psvecholozical effect of crop
destruction ops-ations upon the civilian popilations, especially
the Hontagnards, who are most seriously affezted.

Irtil the “{ission has developed a comprshenzive econtonle
warfare prozram, the proper scale of crop destruction operations
will remain vntested. Zxcept for units loca:ed deep in the
Highlands, the mneny obtains most of his fool through cozmercial
charnels, foreel requisitions, taxation, and imporis, Crop
deatruction shoald therefore ke one of several interviapandent
factors in 3 caaprshensive econonic warfare =ffort designed,
among other things, to deny food tc the enemy. :

h-—-—-—l-\ .
5. Bublic dninion, The hertitide progran dees not loom
large as a public opmion iasus in Lhe U3, South Vietnez, in Vestern
Surope and elseihere at ths present tims, It always carries with it
& strong polential for trouble, hawever, becwuse of its high e-otional
N, content, Thers is much confusion and fgnorance about the herbicide
progran, and wizhin RV, espeeially in IIT C¥2. This is partly the
result of Viet Cong preoraganda exploitation. Mors inportantly,
results from the fact that, froa the cutset, ths pzycholozical ..'a.na.r
support ol the program has not been adeguate,
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. &, Psfuzees, Herbi eide operat.i.ons Lave act generated a
agnificant rumber of registered refugees,

. e Claims, US Advisors have not b=en su!‘ricient.ly well
inforwed about or astive in the GVN claims program. It provides
for sclatiua, not indexnification, The systen of acministratlon
1s unresponsive to the claimant. and may be subject to adninistrative

«  drregularities,

8, Manacewont. The present systen or herbicide program
planning and proceixr2a is not sulficiently responsive Lo manage-
ment requirerents. It takes nuch too long to procesa individual
projects. lew manszezent procedurss are netded whieh, without ex-
ceeding policy guidelines, will delegate sufficient suthority to
Corps cctznders to prosscute certain ioportant targetls of oppor-
tunity in a practiczal and ticely fashion. FProvince and Corps-level
CORDS agricultural, refugee, and psychological. warfars specialists
have not been brought into the prozran sufficlently, amd not
enough attenticn has been pald on the local level to the economie,
social, and political/psychological izpict of projects, The pressnt
systen has not providsd enovgh of the rigat kind of inforoation to
enable Saigon~level officials to canags the prozras effectively or
to mohltor it fron a policy point of wview,

: Prineipal Recommendatieny :

1. Defolieiica. Given the comparatively high concentration

should Le held to a minirun compatible with the overall requirerents
for the prosecution of tha war,

. ( of effort in II1 C7Z to date, further defoliaiion operations there

2. Econemie Casts,

. (a) As soon as security conditions per=it, the GV, USAID,
/ and ¥ACY skould cocporate to expand tinber salvage op#ra..isns to
inelude a1l merchamiable dead or danmaged trees in war Zone: C.and D,
USAID ghouid alro prepare plans for vhe reforestation of dejos:ated
forest areas, '
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. " {b} MACY should obtain the full.tine services of a4 qualifled
plant pathologist to assist in the investigation of clains for .
damage allegedly caused by defoliaticn operaticns, He would ~iso
orient prozran personnel in the Ileld sbout the effects of defollants
upon plant life, . . )

(¢) MACY shoul: ensure, in accerdance with the proposed new.
progran managecent procecures dessribed in Section §, that CORDS
ogiicultural, refugce Anc poywar edvisers In the field are fylly ,
consulited in the prepaiu-ion end posh-auniv of #£1l herbicide projicis. *

(d) FASY 224 toe "Ranch Hand” Squadran should xaintein and
sontinue to Inprovr she =eview of all flight operational and
navigatiomal contiwis, snray delivery equipa:nt, and methods of
¢htaining information absut the atrmospherie conditions -over target
areas, in order to ensurce that everything possible iz being done
to mininize the chances of accidental damage to erops,

[
i

3. Crop Jestruction., The Mission showld develop a cozprehensive
econonie warlare progran designed, among other things, to deny food
to the encoy. The proper scale of cerop destructien operetisns should
be deteraim:d on the basis of that program. In the mearcite, the
#issien shuuld

f8) ¢nsure that each crap dectrustion project is éevelopad
with a vjiew to mininizing sdverse effecta upon tha civilian population
living &n the target area to the extent possible,

lbl' rttexpt to obtain more syatematic information about the
effect cf ¢rop deatruction operations upon both the eivil pepulation,
eapscizlly the Hontagrards, as well as enscy forces,

(o) review the crop destruction pragram prior to December 31,
3968, on the brsfs of informaticn provided by the naw cheek 1ist and
poat.sudit systen proposed in Seation G in opder to determine the most
effective scalt of the p-ogram, 3

8, Peclogieal Conssqusances,

{a} MACY _hould plan end execute any posaible future srea
defolfatica tar3ats 20 p3 to ensure that stw~Ips of forast arc left
undefoliated witch will serve as a seed sourse for regensration and
o4 habitat for wildlife. .-

(v} UMD, with the assistance of HACY, should raintain &
continuing mssessrent of the impasi of herbleids operations upon
the furcst and tha watershed,

.
——a



{c) Wi%h u5e end of hostidiiiss, USAID ehzuld syaist tlre
CVN in the estoblishuant of a scmprobensive program of ezologls
ressarch doadged to assiet in the econcmis recovery of thy eourtxy,

5. Psvora. Pryops support for the haridelds pregran !-v rok
been eflesiive, A comeariad effost should be undariaken by U3 and
O pryop: offL.ials 1o sorpeed shoriexxings 1n plenning and innle~
mentation of psyops pragrams Lo ersurs that effoctive peyere suppert
is providsi. To this end, US and G¥N rosotroes sh:a...d e whilized
40 raguired, . .

6, Claims, .

“{a) MACY should mske & conossied efford to insreass it
advisorat knowledgs, crzacially ab provilzce lovel, spgarding the
policies erd pricedurss of ITICAP 2> thet Lhay can moza erfecilvely
advise thair scunisiparts about it, d

.

< . {b) MACY, tha Jeirt Escugeds Office, and JOS should undapa
taks to zimalify OV Millfery Clvil Aesistance Progren {(M047)
procedures in erdrr T parmit up to $TKED,000 Lo be pal
valid elaln within one mrnsh of filirz, This will cxpedits the
payEert of 20% of all harbicida c..a."_':.r. ’

T+ JUSPAS Piotdclogtdan,  JUSPAQ choull be rezvesenied
along with tho Dmbarsy, HACV and USAID ¢n bha Salgon=lsvel w203
Committen® which ravieva all hurbinoide puojents,

8. Manage:ant, FACY ehould adopt ths following now neiheds
and pracedzses in oxder to (2) raks ths p-og'a:n Bors re:pa...a’ve o
the tasticel reguiramands of mejor exmmarmders, end (b) imoovs
“ne quality of inforrsticn aboul cporstiins msded for na.‘.nt-a.i.nir.g
Saipgon~levsl pclicy rsview of the progras:

(a) enzurs tha% CORDS agriculiiurel, ua;rcps, and psfugsy
apecialista aps fully consulied in the prepasatien a'::l pasteeudit
af c.l... poajscis.

(b} require ka4 checklists containing all rslevany
nil!.t.a.z:.', excnonie, p'ywhol*g.cetl, and denazesrhice in.-...ation &rs
comploted in <%y fi214 for 210 projects end iozwardsd Yo Seigon-
lsvel offisialn foo use in the evalvation of projssis.
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{e¢) réquira that post-operatiens audits are conducted for
projects on a ragpular basis as a peans of strengthening progran
managenent ad policy review, )

(d) delegate avthorily to Corps cacmanders to carry out U5
helicopter cdefoliatizn operations in order to {1) maintain defensive
fislds of fire ccniiguour to Allied base camps, (2) re-treal Rocs-
piowed areas as required, and (3) uncover imswa s=all anbush sites
along LOCs. These operations will be conitered by Headguarters FaCV
and carried out in accordance with the sazs= policy guidelines and
operational contrels that apply to C-123 spray missions.

. {e) continue area clearznces for e:rop destructicn operations
according to wnich qrop fargets of eppsriunily cay be executed within
areas approved for sveh crerations by the Astascador. Such targets
will be cenfined to low population density areas under epesy conirol,
Approval will extend to 12 zonths o= 2 growing seasans, FEACV Eead-
quarters will review cpecific targets to ensure that they are in
accord with all policy and opera*ional guidelairss,

9. I=plementation, MACV, in coordination with JUSPaD and TSAID,
should consult with appropriate GV¥ authorities in order to implesent
these reccmzeccdations as sson as possible, '




SECYIC A THS DEFOLIATION FS0GRAM

A, Civen the comparatively high concentratisza of efroét in IIT CT4
to date, future dofoliation crerations there should bo held to the
minipum coxpatibly with oilitary requirecents.

B. A3 soon as sesurity conditisos nermit, USRI and HACV should
recomend expansion of the ticher salvage progmam to include all
valuable stands in wWar Zonas € and D, USALD stould also assist
the CGVN in the duveispzent of plans for the mforesvation of defo-
liated forest avear.

€. HNACY should obtain the full-tize services of a qualified plant
pathologist to assist in the investigation of cefoliation dadage
claics, He would also raise the level of auareness on the part of
pregran personnel in the field about the effecks of defoliasts upon

pl&n% 1ife,

D. MACY arould ensure, in zccordapee with t») propossd new procedures
described in Sectien G, trat KEDS agricultis:l, refugee and psyops-
advisors in the Tield ars fullr consulied in <he preparation ani post=
audit of all herbicide projecis.

2. A1l spray systecs vsed on aerial herbleids opsraticns should be
recalibrataed,

F. FACV and the “Ranch Hand“ Scuadron should maintain and continue to
develop an active: review of all flight operaticcal controls, spray
delivery ejuircest, mavigatioz:zl technicues, :rd methods of obtzining
Lrirmatian abous the atzospheris conditions »ver target areas in
order to ensure that everyihizg possibls is o:ng dons to ninimize

the chances of aseidental damage to evope.

G, The lzproved psyops support program describted in Section € shewld
be izplensated, .

o. ‘ SUMARY GF FINDLNGS .

A. DBefoliation nas been a succassful militare propgram in South
Vietnam, Its objectives are twafoid: (L) %o 1elp overcozs the

o ifficully of loxating the enexy 1n & heavily forested country,

“thereby sabling Allied foreces to zaxinize treir advantage of supe=
rdor mobility ani firepswer, ast {2) to enhaz-e the sscusity

oS
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of Mlied LOC's and foeilities Ly providing defensiva flolds of fire,
The defoilation progran has achieved its foregeing objectives, and in
% doing, has halped to save Allied lives. .

B, The cefclistion program his gencrated soms sdvarse econonio and
paychological protlexs, primarily in IIT CTZ:

. (8} Uar Zones € and D in TII CTZ contzin exploitabla stands of ’
tizber that have bssa idlled by defoliants. If logging =
oparations are carried out within one to twe years after
defoliation, this tizber can be salvaged. Such an opsra-
ticn is underway in secured parts of War Zone C,

(b) Durisg 1955 and 1967 there were pany claims of defeliant
damare to cash food ¢rops in IIT CT2. Agricultural ad-
viscrs in ITI CI2 discount bétween EQ and SO percent of
thess elai=s, The difficully of obtaiining hard, timsly
dats inpeces successful invesiigstien of claims,

-{¢) Yany poople,including even scoe Allled officials, are con-
fused and yoorly inforced about the objocctives of the
dafolintion program. Allied mativas and actions have been
the subject of suscessful VO propaganda attaciks.

C. Drift is a & fficult unresoslved probles in the agplicaticn of
herbicides, This probiem s not unique to oilitary opsrations in

Vistnan, Until scientists are able to provide definitive inforra- :
tion aboue the Tengs and offuct of defoliunts wpen plent life, the

policy maker will have to (1) continue to adogt an attitude of s
healthy respoet for the various kazards which may rzsndt in unfore-

sean da:-.nga and (2) devise vhatevor practical and prudent pedsures

that given cirswmistne2s cay requirs,

D, The foregoim; problezs are outweighed by the dapmonstrated military
advantages of the program. They are si"niricant. progran "costs,”
howevar, Although thsy cannot be eliminated, the advorse impact can
be substantially reuuced by th* introduction of new and improved
operationil and progran controls as well as iaproved econanie and
peychological support activities.

J
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Ke ent and Main Focus of Defoliatio ation

The defoliaticn progras effectively began on Decenmber 4, 1951,
whon Precsident Esanedy autherized the Seeretary of Defense to test
the nilitary effectivensss of the defoliation of several linss of
eommunication in South Vietnam, The Chart on the next page shows
bow the prograz hax developed since then in terms of the number of
square Jdlomcters sprayed, The first four years of the prozrax was |
a perlod of modest grovth, 1965 end 1967, however, were years of very
substantial expanzion, Approxinziely five times nmors area was defioliated
40 1946 than in 1955; approximately pine tines more area was sprayed in
1967 ¢han in 3935, The total area of Somth Vietnam is 173,000 eguare
kilometers, Ty the end of 1967, approximately 5% of the country had
been sprayod. The nsp on page five shows the pattern of defoliztion
operations in 1853-1957. :

Busldup of TIT T2 Coerations., 7The balk of the 1955/67 expansion
of the progran took place in IIL CTZ: 53% of the total avea sprayed in
1966 was in IIT ¢T2; this proportion had increased to 433 in 1947,

III CT2 %is accounted for appvotizately 632 of all the area sprayed
in the country aines the beginning of ths progranm, Nob surprisingly,
it 1s also in XIX CT2 where the herbicide program has enco'mtered
most of the unfa ,rable economie end public opinion ~fallout® that
tas buen attritaied te it.

The relstive conceniration of defoliatlion operations in III €12

i1s & partial reflection ¢f allied and eneszy strategzy. War Zomo C
{920 square Im2) vas dsfoliated Sn 1965 as part of the successful
eampaign to destroy cnemy foreas logsted In this long-tire apeiry
tass area, Upsards of two U3 divisions were enployed in this came .
palgn. War Zone D (1,920 ssuars k) was @ufoliated in 1947 as
pirt of allied elforts Lo drive an anticiyated largy enexy force
out of this maior tavcat to Saipon. The defoliation of th® Rung Sat
Spacial Zone (440 ko ) was carried out in 1566 and 1557 as part of

rgont U3 efforis Lo sscure the cain shippirg chanrels leading to
the Port of Saigan, :

. Estinste! Platsay love 3048, If present plens eventuatn,
1968 will be the ficav yeer in which the pregram will not have at
lsast doubled in terms of area coverage, Tr= 1968 coverazge target .
of 7,700 ka2 i not-substantially grester than the 5,018 ko2 sprayed
in 1957. Only =s the enemyp's plan of battls unfolds will it be
possible to esi.zate how much of 1958 operstions will consist of
. Tetreatnent of arexs already sprayed. There are no present plans

. éc:‘n:ho defolistion of any rew large area tergets such &s War Zones

D, ’
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1966 475 } a03 1,751 372 | 3,000 §1966{247 | 106 68 1 | 32
- 1967 374 | 833 3,918 893 | 6,018 |1967]250 531 1ns 896 | 6,94
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Pl;a.na. Defoliation operaticns in support of the 1958
Combined Campaign Plen will concentrate upon:

{a) 10Cs rpquired ty Allicd forces for thelr operations and
‘1hgistics,

{b) LOCs used by the enemy for his operations and logisties.

(¢) Enemy base areas that are the cbject of specifically
~ planned Allicd military eperations,

{d} The creation of 3«5 kilcmeter-wide buffer zone along
South Vieinzn's borders designed to help interdict enexy
infiltration reutes leading into ths country.

Enexy oparations will largoly determine the extent to which tha
foregaine objectives can be pursued in 1948, Ioplemcnzation of the
plan would rosuit in a substantial shift in defoldiaviun opsraticns
from those carsied out in portions of caoxparativnly high populatien
density areis to tha zore rozota and less populated parte of “he
eourtry alony the liotian and Canbodian borders. This shift in
enphasis wouid have unquesticoably beneficial effect in III CT2,

B, Jitter: Ratiemle of Lae Dofoliation Proscras

A kep elerent in Allied military stratezy in the Vietnan war has
been the utilization of the unarccedented firepovmr that sodern
. selence, industcy and logistics have made possibie, Allied forces
are engizing the enczy with much higher rates of roturn fire than
in my frovious war, On the ground end frem the alr, conmanders
are scbstituting firepowsr for panpower, As & risult, an undeter-
. nmangle but large mumber of Anerican and Allded [ives have been
[ L) »

Yaeh of South “ietran, however, is covered »dith desses forests,
Sungln and mangrove. Utilization of this netural comcealment has af-
forded the enemy great tactical and logistical acvantages vis-awvis
Alliwd forces, A parezcunt military problsm from the outset, there~
forae, has baen the difficulty of lecating thy enexzy, his beses, and
s 10Cs. Without informaticn about eneny disporitions, our forces
cannot explolt their advantage of auperior firepcwer,

Pefoliation ty chenical horbicides is the p'.tncipal way 'by which
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A31ied forces pbtain visual observation of eneny forces, facilities,
smbush sites, infiltration routes and ether enemy-used LOCs, It ls
alsc employed to enhance gocurity arcund Allied base cenps, airfields,
amunition dumps, ports, and aleng LOCs by providing defensive fields
of fire. These fields of fire are alwy rade by Rone Piow and cialn
saw operations conductad, sometines jointly, with aeiiaz and ground
dofoliation opsrations.

irproved Intellipence. Defoliatism of large area targets such ¢
a0 War Zotes G and I contribute ioportazily to iboproved military in-
telligence for plans and opsrations. Within a few weeks aflter the
defoliation of the Har Zones there was & dranatic inproverent in
wertical visibility. Just as the passscger in a plane flying 1000
feet over a de~iducus Aterican forest in winler-tirs cen see brooks,
paths, walls, and gullies which would e concealed by surmertimg leafl
growth, 80 now can troenches, bunkers, siructwures, and trails formerly
uped by the encmy in Wer Zoness C and D be seen clearly from observation
planss. . -

Horizontal visibility can also b2 extendad by defollation from
practically nons in denss jungle 4o &% much as 30-L0 yards, One of
the obvious, but scxstines overlooked, benafits of defoliation, further
more, 1s the dita which it provides fer the correccion of existing mars
and the preparation of new ones. Acccrate maps play an important role
in ground asd air oporations, '

Lowar Cisnalty ‘ﬁatzs. Expsrience in operations such as "Junction
City" in VWar Zona G hLas shown that Allled troops weet significantly
Jess eneny resistance in aress that have been defollated, Exposurs
of his supply fspots, base cazps, end 10Cs make the enecy much mors
vulnerable to illied sir strikes. The resnltant dazagze, harrascuent,
and threat of impending attack by Allled airborme troops has frequently
caused the enewy to cove out,

It was or‘plnally estimated that nore than two divisions would be
required to cliar the enexy out of War Zon= D in 1967, The Zone was
defoliated and, in the end, only ons trigide was neocded for the
oporation. It makes little difference whether defolistion caused
the enery to pove out or whether it resaltecd in Improved intelligence.
Coumandsrs used far fewer troops In the cperation than thay probably
would hava had to have used if the Zone had rob bteen defoliated, MNot
only wers thers fevsr casuvaltiocs, but azproninstely two US divisions
were freed for comtat vse elsswhers. For ilv most part, the ereny
continues to avold defoilated portions of Wer Zone D,

.
.
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Dafoliaiion of emsmy sécret Zonos reduces casualties among
AMed infontry units engased in seeking out the enexy, 4t the
aame tiru, hovovar, At roduces the ncad for scns ground sanrch -
oporations, After defoliztion has helpad in loceting the enenmy,

‘tactical alr strikes prepare the way for airborns troep landings.

Thus, alr mobility and firopouor can bs substituted for ground
manouver elsasnts, This saves }ives and pernits more efficiont

eae of ranpower.

More Combat-available Minmewar, Defoliation has permitted

‘commanders to roquce tha russer of nen cwcitted o base seeurity

and convoy grard work. Thase mesn have than beccre available for

. offensive coatat. duty. This rore efficient use of military ranw

powar has resulted frem'the defoliation of broad dofonsive ficlds
of fire 2round Allied bass caips, and the d=loliation of a=bush
sltes and ficlds ol firo tlong frieadly LOCs. Izproved fields of
fire, whsrover locatsd, dct as 'a deterrent o erntuy attack, incresse
his casualtics whsn leo does attack, and eomsponﬁ.ngly help o
reduce casualties acong Allicd troops.

eilitates and Profedts Movoment of jes. The seet:riu,_

of 10Cs as a rasult ef dafolialion, sovpled sith Roms Plow wor',

&ir obscrmation, end road sacurity patrolling, has pleyed an in-
portant rols in th> ovexend of =ilitary supplizs.: An increasing
oumbar of South Vistrman's rain highiays, railrerds, and rain shipping
channala have bson cleared to an much as 100-20%) mastars on eazch side,

The priority dofoliation in 1965 end 1957 of ths rain shipping
channels leading to the Saigon Port through the Rung Sat Speeial
Zone (R3SZ) was e'pecia].l;' successful;, For a long tirs, the eneny
hed regularly adtiecksd Allied chipping froa concealed ==all ercs
and mortars positiens locatzd in tho dense mang-ove swampy of tha
RSS2, Samzo defoilstion, such attacks have dininished aubstan*iany
and they po lonss: poss & eritiesl threat to th ¥ wital eupply line,
In addition to the preservation ef shipa, supplies, and ereuman,
fewer convoy guarcs and cscort vessels have been required, thereby
pormitting thair assignz:ab to offencive combat pissfons, Harbieide
eparations in the RSSZ, for the post part, will henceforth ba confined
to the retreat-enil of mangrove si2mps as requiped.

€, Frobleas in XIT CT2

362 of ths Liad ares in III CTZ 49 tnder cultivaticn, a quarter
of vhich 13 planttd in rubber] In récent yoara, III 72 has produced
70Z of South Vietnan's tintar, Production of vegetable and fruit
erops inereazed an estizated 507 in the Corps during 1945- 1953,
About 753 of the pooples Uving in ITL CTZ derlve thair incare frea

i
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agricultural work,

. The Rubter Plantation Enisode, Katural ~uhber hus traditionally
been Vietnan's rosh inportari export item, 7The rubber plantatlions

provide jobs for cn estimated 15,000 workera, In spite of current
problens in the world rutber rarkei, rubber i3 ane of South Vietnam's
long=term econcmic assets.

In late Pebruary 1957, tbs Fnbassy began to receive reports from
plantation managers in III CTZ about unpracedented darage to the
- rubbar plantations. Ther att—ituted the danera to deift enanating
from defoliation oparations beirg carried out ayainst tergets elsewhere
11:: gl CTZ, These allogations were supported by the Vietnam Rubber
atitute, .

Az a conssquence of these complaints, and in view of the economic
importance of the plantations, the Mizsion Counzil esteblished anp ad
“hoe ecommittee to exandins the situation. Techmizal experts from Hacv,
USAID and CC2DS3, an well as & specialist on the effects of herbieldes
on plants from the US Arcy Plant Sclences labomatories, Ft, Detrick,
¥aryland, particlipated in a special technical scrvey, The tean ex~
antned represeriative arcas where danage was alleged to have taken
place, Securily conditions in the fleld prewented access to all the
plantations, :

In a regort to the Azbassador dated Aprid 13, 1957, the tean
soncluded tiat sympbons indicating darage by herbicide had been
observed in 7 of 14 planiation sites exaxzined. It stated that
although £ost of the traes that had been sccidertaldy sprayed
would vndeubtedly zurvive, it could not predict the sqtent of
possible parcanent dazage, It recommended that the plantatiens
ahould be carafully obrerved during the sucecsediag growing season.
The teas also observed, however, that disease ard inadequate main-
tenance rather than defoliants were responsible for the poor health
of many rubbsr trecs, It also noted that sems dasage had been
caused by operaticral and nzrigational errors,

Buffer Zone Around Plamtotiens Established, Aa a result of
the survey team's findings, a tuffer Zone w2a established around all
&ctlve rubber plantaticns, No herbicide nissicns have since been
fiown over an inner 5 kilomster-wide zone around plantations, and
only less volatile WHITE herbicide has been used aver a second outer
zons, also 5 Im wide. :

MACY and the Yth Alr Force have serupulously adhered to this
polfcy, Thers have been no sipnificant new clsiszs of da=age to
the plantations by herbicide eperations in 1937 «r thus far in
1958, The Dirsctor«Cereral of Terras Rouge Flan*ations verified
this in a recant interview, The CORDS Agrisuitural Advisor in
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Binh Long Province stated, furthermors, in a report dated Decexmber
xn 1967, nThe effceta of dofoliation have not been as disastrous

. a8 :nt.icipat,ed- refoliation has begun and blocis of tress parieed

off as lost will b» 2bls to be tzpped agaln.®- Clher prolininsry
evidence tends to substzntiate further the view that herbicides
may be less toxic o rubber trees than was previously thoughl.

. Damace to Seniedeeiduens Forests., SYN has a land ares of
17,146,000 hectares of which 5,620,070, or 333 ia classified as
forcst land, Tiess forests contain mzny valuable species. The
forest is one of the wost Important renewible naturzl rescurces
in Soutl Vietnan, Ths wood industry is one of the country's
nodt important industries and is estizated {o employ somo 80,000
people, Ths present annual production of 24%,000 ¥ is oaly a
Iracticn of the estimated peace—tim petential production of
3,500,000 43, .

Salvare Prograr. for Yar Zone € Initisted. Bstween 900,000
and 1,000,000 hactares of forest land, or appraximately 203 of
the total forested zrea have been treated by dafolicznls sincs
1951 (not all of this area contains rerchantable tizber), wWar
2ones C and D in IIT Corps - defolfated in 1355 end 1967 = cone
tain soma of the country's cost valnmabls hardwood timhwr. Torest
ressrves in \ar Zone € are estixated to contain some 2 miliien
#3 of tizbsr that i now dead, dying, or othsrvire da=mazad, Thie
timber 1s now bzing salvaged undar a progran supjorted by USAID
and MACV, Selvare of this timbopr reproscnts o wlus of 2 billicn
$SVN to the Governz:nt_in tinbsr taxes., War Zone D eontelns an
estirated 25 nillion M3 of porchantable timber., Aerisl observaw
tion indicates that much of this tinkzr 43 also foad, dying or

. damaged by dofolian.s, Security lircitstions cemilieate salvage

logging oporation L this area at the prasont tirs,

. of Baobno Obssrved, USAID forusters cbaorve that thare
has been a marked facrelse in underatery vagotation (lowepgrowiig
trees and bushes) in tha defoliated forssts, In soco areas, eliminn=
ticn of the evsrstory {uppar canopy of high tress) has caused an in=
ereiss in baztoo ani shruks te tho point vhore they cometicoes fully
eceupy Lhy site. Frem a military standpoint, wortical end horizontal

wisibility 1s carkedly reduced in such creas. Forestors, howsver,

4
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. are primarily concerned chout tl;e effect of these less desirable
ccmpeting species on the regeperation of the forest s & vhole,

Tree Mortality Incresses Witk Successive Ferbicide Apnlications,

A systesstic examirstion of forest ioventory seople ayeas was. carried
" out during the period ¥erch 15-18, 1568 by USATD foresters and tvo

consulting ecoleglsts as a part of the Herbicide Policy Review.

These areas vere located st three places in Tay Nich end Binh Long

provinces. The foresters concluded that, despite the faet thet

ecological impact {s miniral In such aress, light to moderate

mortality cccurs in forest stends follswing eae application of

herbicide. Two trestcents in successive years, hovever, cause

heavy portality »f sev ticber, loss of reproduciion sources, and

hence intro2uce the poesibility of edverse ecological imtact.

WRITE herbicide appears to ceuse heevier ds=epe then ORANGE.

After one year, all trees killed by defolieticn remained sound and

sslvazesble, Reseeding sources were found in edequate muchers.

The foresters believe thet bemboo site invesitn will iporease in

areas where the normel foresc trees heve been killed by defoliants.

They recozmerd tast foresis receiving two or zare treatnents of

Berticldes should be plenned for reforestaticn., (An exsmination

and releted ecological consequences of the herbicide progrem is

presented in Section F.) -

pacane to Cish Foord Trops. ITI Corpe COFDS ag-icultural

advisors beiifeve that there has beer substantial demsge to cash
food crops as a result of the defolietion progren.  ‘They assert

- that there ves hiavy decege to erops in Tey lilnh Province during
the defolicticn af War Zone C im 1966, Many cleims of herbicide
denmage were submitted in 1965, They cttridute this demaze to
drift end to lexzsy valved on C-123 srray alrcraft, (Revised
maintenence gnd rontrol procedures hove sipnisfcently reduced
dazage frcm the ietter,) They believe that {x=ngze caused by
the jatter was increased because C-123s vere i3 the habit of xeking
seriel rerdeivous over Toy Nioh City sod other eities in III CTZ
prior to the start of sproy miselons.

The egriculture men 1a IIY CTZ koave expressed the view thst
defolients cocn dvifti gscue diatsance ifred the polnt of relcase
from the aireraft. They belleve that the 1986 pepeye 2rop in
lony Khanh Proviuce wvas seriously dezaged by ¢~ift, Fepays
ip extremzly susceptible to defolistica, They alse Believe that
pore then Rolf of the 1586 soy bean crop in Leng Khanh Province

~wes killed by drift. They recomnize, however, that the toy bean
plant Je ecriously effccted by stem borers, exd that 4t is Aiffi-
eult to diatinguish betvcen the tvo nycptoms of demsge.

.
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The Comuitteo is not prepared ipso facto to ascribe the plant

'_noth.ity cbserved at significant distances frog target areas to

drift alons, Such plant mortality could also be ascribed to un=

 Sdentified plant dissase, volatilization of nerbleide in unique

coubinationz of meteorological conditions, sbortions of missions,
target error and faulty reteorological cbservalions prior to tha
flyicg of the sortle. Al) of these conditions require further

. Most_ Clains Paliove? ggius:ified. T’ne LIl CTZ CORDS Senior
Agriewitural Advisor has stated that he has seen no evidence of
direct spraying of errps, whather caused intentionally or acciden~
tally, ls and his a.sociates, however, tolicye that they have
evidence of drift durage that has occurred in areas adjacent to end
several Xilcmeters away from defolistion targets, Although there
have been rany ciainms for danape submitted in IIT CTZ, they estimats
that. only 10-233 of ths alleged datage has been caused by defoliants,
In this comection, they consider that most of the sllegations of
drift dacage mads by Tubber growers ere not scpportible, They alse
estimate thst IN-157 of the actual drift darage has resulted frea
carolessly con"uc..ad ground spray oparations.

Many Fewyr Claime in 1968, The agrioultt.re ren also note that
poople in IIJ ©TZ fail to distinguish batween herbicide aivcraft
and other alrcralt engaged in insecticide operstions, They alse
note that the farmer zocatizes adopts a fetalistie sttitude toward
his crops, Sesiny aick plants, he concludes tlot &t is the result
of herbleii2s. Hs then stops giving thsm pre;er care, and Lhey
fadl, IIY €12 agricultural spreizlists have noted a marked ree
duction in the naster of slairms cubzitted in ITY €FZ during the
past & merths, ahereas previcusly thera were approximately 3«4
claims sutnitied evory weeck, now only -4 per renth are being
recolved. {For an examination of publie opinica reactions te
the herticide program in South Vietnanm, t.he Usited States,

 and Western Et.ro;:a » ses Section C.)

w The Drift Prablem

Drift is & recognized phencmenon in asrial and graund herbi-
elds spray opsrations, It is s» recognized by tha U3 Forest

" Service which kas long carried cut exteonsiva but highly controle-

lod herbicids oporaticns, by companies that camufaclure defoliants,
by cemnrreial herbie.ds rpray opsrators, and by US nilitary author
ities, The precent opsrational controls izrocid upen the Toh

AF *Ranch Fand? 3quadron reflect a clea..'-cut. :teopition of the

.‘drij.’t problem,

FE—



—— s

'l’.'. . - . 13

DPifforing Visvg Ovar Renes of Urift, CORDS agricultural a.dﬂaors

* dn IIT C7Z do not asrea with thy analyzas of drift ard volatilization

pared by tha essaultants to thy MACY repressntative on thy Horblelde
gnlicy,nov:ew Cezaiiteo. Tha tochnical rapors pocpared by MACY con-
sultants Mirarik, Darrow &nd Bluxinfold havo boon includad 4n the
Appandix ap export informatlen which thy Cozmittos teok into consia
doration, .. *

According to calculations pade by Mizarik and Dorrow (a3e

+ Appendix A). *tha mauimun dictanes et which drift hasard frea &

sortie missions with CLLEE would occur, was 1-2 jdlozsters under
moat unfavorable cresseird cenditiens of 9 miles par hour, HRice,
sugar ceno, corn nnd othor pross-3i'9 cropa ¢an by leexted ono
kilozater or mora frem defeliatica tirgets. Undsr tho atmosphorde
conditions &t which 12bh Air CemzandeSquadron “Raneh Hand® opsratea,
drift dxmags on beexdleafl eropa anould not ocowr 2t distencos
groater than 2 Jalezstors. The tasorctiecal amalysis ol dpift
proparad by Bluw=mfold (ece Appondis B} is conzictent with these
findings, Mimarik end Darrcw olso essort that tha possibility of
erop dzmana fron vaporined CRAUGE herbields {8 not significant
*under current icchniques of cpplication® in Seuth Vietnanm,

piffienlty of Jroloting dvzieo by Herhieidsa, Tha Comaittes
obsoryed that CCE3 fiold irvastizatlons of aizazs to crops kave ned
Rlvays had thy womafit of huwd, timsly cvidanes erd the tochnicale-
eolontifle cxpertios that 43 nacdsd to rako suthoritasiva judnizants
a3 to thy diffaraut posciblo causea of clven plany slelmazozad, 0.8,
defoliantn, 2% fus), otem borara, or eny of tha oaay othar plant
discason, Thy Ceimittcoo considera that BACV ahowld obizin thy fulle
tino sorvicoys of & qualificd plant puthologiat to earry oud this ine
portant vorg., This opselalist would also engaps in en edueaticonal
offert doolpnad to ralco the evorall cnarenass of ell program papr-
sonnel including Corpa Chizical Offlecora end apricultural edvisora,
regarding the eifictos of horbicids on plant Mfs, Agrieniturs cen
in ths field, furtharmore, have not had access (in all cases) to in-
formation aboul the speeciflic $icas and places of worvicide flignta
in their arecs of responsibility, Tho new proesdures outlined in
Section G, should rezedy this shortcoming,

fportanes of Continuing Pessrrch and Ovsrytional Control Svsten,
Aecording to Vinarix and Darrots, "the principle fictors influcneling
deift from herbicids spray epplication arss droplet size, height of
releaso and alzospmiric conditions, principally horizontal air cove=
mant,” In this ecanzetion, tha Cemuittse noted that the spray system
currently baing uszed by "Ranch Hand" has not be:n appropriatsly
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calibrated for droplet 51:: distribution. Glven ths Lmportance of '
this inforzation in the furthor dovelorant of the control systcen,

it is inperative that the n2cossary teste should ba earried out now.

The Coomiiiea also considered that MGV ard "Ranch Fand* should
maintain and continus to d¢ivolop its activo review of 211 flignt
operational controls, sprzy dolivory equiment, pavigational
tochniques, and especinlly £ts rothods of obiaining information
about atrospherie conditions over target arcas to encsure thai every-
thing possible 1s being dozs to ninizize tho chences of ascidentia)
danmage to erops. The Cermittoe noted that MACV hes requested that
the required tests ie carried cut by thy Dopartzant of the Air Force.

The Cozmittee has not had the tice or the indepandent expert
resources to develop 3 position vis-a~vis the foregoing conflicting
wiows. Debate &8 to the range and impact of harbizids drift is not,
however, caioue to tha opsrations baing carried ovt in South Vieinan,
Reszarch on this cozplex question is belngy conducted in both private
and goverrzent laboretorica. Untll the sclentist has providsad zore
definitive inforzaticn ebot the rangs of horbicice drift and its
offect vpon plant life, hovaver, the rolicy—raker cusi adopt an at-
tituda of hoallhy respect for it, and he rust devise whatever prac-
tical and prudent ceasures that clrcumstances require.

B, Alternatives to che Uss of Spway Dafelients

Roms Flows, bulldoczers and toems of ton using chain saws aro
now the post frequently e—ployed altsrnatives to the tos of horbi-
cides In securing Aliied LiCa. In situzticns where clroumstances

" . permit the use of defolisnis, it is eppiied by C-123 aircraft,

helicopters, or by ground systens in advance,

Where securiiy <onditions prrmit and appropriate supervision
can be achieved, local workers have been usad to ¢ut down trees
&nd buches and reoove ir wesd. This approzch car be esployed where
zany housss and gardens are located along the readizys, It offers
tha local people a stake in their security and in the protection of
thelr own proparty, Plantation managers have einilarly raquested

. that thair workers be parmitted to do tho c¢learing of 1CCs that
* . pass through plantations,

Elitary suthuities are currently using and perfecting a mzhbor
ef specialized techniquos cesigned to localos enesy forcos and fecili-
ties. In tize, theso techniquos ray supplent scce defoliation opara=-
tions. Crowth retardants are an additionad alternative, They ore



chonieal eczpounds which dalay tha rogrowth of vegatation for
pericds of up {0 13 nanths, Herbieldss now boing used cay dalay
rogrowth for 9-12 conths, Retardanis are ciscribed a3 non-
corrosive, non-volatile, non-irritating and nonehazardous to
poople, Crotth rotardant has net boon exployoa in Scuth Vietn:m,

b



| SECYT0H B:  IFXCROP TTSTRUCTICY PRCGRAN

A. Crop dsstructicn should ta corsidared =za Inlogral port of
- afforts to deny food to the VG/iVA.

‘B, A Mgh propertion of elvilians to ensy oiditary in V&/mVA
eontrollcd territerics ward edvorssly affeciad by erwp dostruction
mlosiony in 1947, cspacially in covaral coastzl proviness in I and
II CT2. Th2 eron dastruction progzron should by condusted An smen

- g marmer &3 to hald thy mobir of sorides to ths nindmm ccopatible
with thy eritoeria szl forth in ths policy gpzidslines and the pro-

© geduros proposad in Saction G on Program Pliznirg wnd Procodures,

C. Sinco ercp dostructien 1s eonly one zespset of a comprehenaive
food donial pregran, & griater offert should by rxde to coordirate
crop destruction uith ethor food doninl activitics. The Alliea,
therefors, shouid wmderiakd & cooprshensive review of how they can
best coordinsto food deniel activitics, proforably in the contaxt
of -a goperal econoiie warfare policy review.

D. There in a noxl for flexdibility and rapfd rosponss in crop
destruction ozarations, A3 elcarancos viich 1111 par=it salsection
of targets of ¢ppo-tunity should thyrufors continue to b2 granted,
Thoy ehould contin:s to by strietly Jinited to sparsaly populated,
enczy=contrellad 2seas in food dofizit reziens,

B. Priovity shoull bts given to nizaions flowm in the vieinity of
wajor VCAIVA blss areas cnd to misciens flmm in conjunction with
major allied militsry operations,

F, Every efforl s'wuld by r3de to ensure thst payeho-political dis=-
advantagss do not eutwolzh the pilitary sdvontagss, To facilitate this
effort thy erop dudructicn chackitst (ccs Proesdures, Sactlon G)
should bd campletod for both individual targot and area requests,

¢, A sa=l-anmusl evelestion (sos Proesdures, Ssetien G) of tha
perevived cocts end binzfits of ecrop dastruction nissiozs flown
should ba sutadticd for each provines. The:a posi-audit reports’
- would bs used in plemning futurs oparations, -

et



A. Crop destructicn opnrations have been snecessful, to an undeter—
mined dogroe, in secompilshing tio stated objectives of denying food
to ths VC/5VA and VC syapathizers, in diverting cnexy manpower to tood
procurenent, and in vaak;ning eneny strozgbh.

At the same tine, the progran has had significant dut again wn-
erzined adverse political, psychological, ard sconosie impacts
on civilians in V¢ cznirpllcd areas, Less than 10 percent of the
+ erops destroyed were culiivated by pavsansal of TC/HVA units. More
than 90 percent was oross, willingiy o wadilingly, by eiviliaas
of varying slleciance to the GVN, all of whom are targets for
pacification efferis.

C. HardMeide erop destruction is only one aspect of tha offorts to
deny foodstuffe te the VC/NVA, The enexy relies on cox=sreial pur-
cheses, izports, taxation, requisition, and eenfiseatlon for- some
90 poreont of bis food requirensnts, His greatess velnorobility
in gemaral, thorefora, appoars tu be in hiz legistics aystea,

* Coasosquratly, 1f crops sare dostroyed while other avenues of food
tequisiue* a0 left opon, the progrexn 4s zilitarily less effective,
Howaver, 13 will stidl incur most of the sdwarsy politieal and
psycholog, wal eoats,

"Bs A covprohansive spproseh to foou denial sheuld be adopted. Past
food cortrol activities have not boen sufficlenily coordinated at
ths Saigon 1evcl and, therofors, have not realizod their full potential,

F. No.nt.hole:s, there ary docu=snted instances where VC/iVA undts
have ruffered frox saricus food doprivation and karbiclds crop des-
truction has conbributed significantly to tiis situation,

G, Howsver, the available evidence indicates tast the eivilian popu-
lations in VC conbrellod areas bears the trmt >f food denial activities,
Thiv is not surprising, but it doos imply that the yelative costs of

the progran aro hizh.

H, There M3 nob Doen & systenatic atterpt to evaluate the relative

. conts and benefits of cendueting eltermative levels of kerbicida
erop dastruetion in tha context of a coordisatod food donisl prozean,
Such an amalysis should be underiekon, but will require more and
totter informatior than s currently available,

d
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or. ATALYSTS OF 713 C30P [ESTROCTICT FROOCRAN

Tha chjasciives of t4s crop dastriction progran are to deny
food (rice, cercals, and broad leaf ereps) Yo the VO/2VA and {hasr
oyrpathizars, to divert VCANA ranpotay to ersy productisn, to
1eposs consiraints on enioy logistieal enpacity, or othemdss

~ weakon VC/uIA strongtih.

A. Secops ef thy Prove=xs, In 1955 and 1957 crop destruetion cunw
. stitated cxly 12-13 parcent of thy toial mmber of horidelde
mlssions bty area eoverzd. Thua crop dostrucilon has tesn a
relatively s=all part of the total horbicids effori. Nonstheless,
¢the prograz has grova rapidly, Io 19463 only ene squars kile=oter

. of crop s spraysd: In 1954, L2 oquare kilctaters were sprayed;

in 1945, 287; in 1758, 421 and in 1957, 655 rgmre kleneiers
of crop wv=re dastroyed. The rap on Lhe nsb peie shaws the
- pattern of erop dastruction operations im 1543-1957.

In 1957 thia szounted to tho destruction of about 120,000
short tons of food, over 80,C00 tons of which w28 padiy rice, the
vezalnder teing assortsd broad leaf crops. 7This 2-cunts to about
10 parcent of the rics grown in the first thres CTZ and loss thon
2 parcent of the rico production in the entire country. Geographicslly
crop destrustion was eoneenirated in IT CT2 whase 71,154 tons vere
destroysd in 1957; 33,5CO tons were dostroyed 43 I €12, ard enly
15,%0 cgzcns in IOI CI2. Crop destruction zissims sro not canducted
h - ‘

B. FPerbletds Crop Portruction Has Mat The Stotad Objsctives of ths
Progren, It has esntributed to feod shortszes, diverted ranpowr

© 40 ¢Top preduciion, and weakensd enizy strangth, This kas Loon

- partieulariy trus in the erey’s Military Beglea ¥V (I CTZ axd tha
top half of II CTZ2) whers most crop destruckics has bson econcentrated,
Food shortazzs in this area aprear to have baea larpely caused by
breakdoun in rermal VO/iTA logistics activities, bub in sczs in~

- stances crcp destructica bas direetly denied fosd and placed

sericus adciticral burdsns on en:=y supply actizities, Crop des-
truction, tterefors, plays and should continus to play, an izpope
tant role in efforts to cany food and otheruiss haraes toe ensmy.

C. Ths Irmact of the Prosmew, The dimpact, housver, by its mature
has besn lacpaiy on ths eivil population in VCATA controelled areas.

To soze cxtent this is dua to the size of tie Frozram, but larptly due
to the prezt diffizulty of distingmishing batwasn erops grovm by the
VC/L¥A and theso growa by civilians in UC contrilled aress. -

~
.
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In thy firot thros CTZ thsre wors appreximately 175,000
YCAVA 4n 1937, If vo maks tha assusption that ech man consuzas
s higher thon averczs ration of 500 peunds of rles par yaar (625

- grams par day, vhich is hizh contuspiion for I, I & XIY C12),
this inolios a total cnemy conawption of roughly 45,000 tons

of rleo por year. In cenparison w9 d2stroyod sbout 48,000 tens
of millcd rico (i.e, based on 8 L0Z nillins loss from ths 60,000
tons of paddy destrayod), or mory thaas tha toted consumption of
the VC/i7A in tho arse,

Mors irportantly, ths VCAHVA grow ecms:hat loss than 107 of
their roquirczsats. «a thy avarage, tharofors, wo dostroyed core
than 10 tiz13 23 pue; rics as tha VOANUA grew. Thua, leas then
10 poreant of thy rug: dostroped was cultivated by the porsonnel
of VC/EYA units, th othar moro than S0 posexat e grom,
wlliny or wvillinzly, by ediviliion grouzs whe may of iy not
have baca VG sropstbdesre, bub vho tro potentisd targats for
pacification cfforts. -

D, Ayorawy Treects rea Lass Irmortont than lesalized I=pacts. The
progran alna at opeeific ardas, It 1s tharofors Smporicat to cxenine
koro localized arcss, and whlle a provinco is #2311 too largy an
area to by rovlly raandnsful, It is the only emit for vialich infor-
ratlon is roagily svail:ibls., Of thy variovs proviness, Binh Dinh

is by far tha rogt impartont in torss of thy cagpdtuds of erop
dagtruction oseurring in 1957, rocsiving eny thid of &1l crop
destructior nlssiors conductsd in BV in 1557, It had roro than
thres tizss 42 much tolal erop dastroyod zo th mext most hoavily
Rit province (Quang Xzai) end about tuics as cueh per capita.

Assvzing that Binh Dinh kad the sams proportien of rice to
‘broad loaf crops ord thy sacy productivity es obur areas spreyed,
sema 27,000 tons of paddy {or 16,200 tens of mil'ed rics) would
hava boeon dostroyad and scxa 12,000 tons of othxr erops. If the
rocent LICT ootizzis (in ST 68-03) of 6400 VC/SVA in Bi-h Dinh is
corpact, thilr om production of rica was probobly about 140 tens
of rica, This would izply that only s 1ittle lezs than ona paresnt
of ths xdeo distroyid vas groun by porsonnsl of TO/A/A wnits. About
- 99 paresnd was groua wiNiezly or unvillingly by civilians of varying
. allegianca to tha GV, .

E. Civilen Trach of Aho Proersa, Even Af the forogeins statlstica
are wrong by a lacter of a3 zuch as two or thres, the civilian impact

.
~
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. aill still be vory large. Binh Dinh Provincs is extrezs, of coures,

sinzo it roceivod ths most ercp dsstruction. Ist, although it is

" atypleal, it is adco the rost ixportast. Purtisrsore, other pro-

vinces, whilo reciiving ls23 on ths avorage, say have exporicnced
einilar izpacts in rore localized arcss. |

¥, The Costs exd Eomafite of This Proipam are laresly TnVhewn.
There is docu=ozicl oudsnca that food shortagas kavs couscd

serious problsns for the ozszy in Binh Dinh, 28 elsswhoro, Yol

- &% i3 aob poncitla Lo svparato thy impacy of harbiedde crop des-

truction on food shortagas from cthar exusos, ead thare 1is evidonce
that thaze oithor ceugos &ro uwsuslly mere inporismt. For commple,
a evcpilation of 41 inoiancoo whors Teasons for food shori-

208 waro given trolw <owm as follows:

Al1liad Eowezonts 17

Poor Hervost & Plamtdng 1L

Inablity of Cadre - 8
. Md.da : s

The problen of assesz=ant 1s further complieated by the fact that
there i3 no accurato way of translating thy effset of food ahortages
into the dogracation of ons3y fiphting eapabilily.

At the se=s tirs, "thore has bosn 0o satisfsctory way of assassing
the degres of polilical exd payehologlical aliorxticn of civilians
whose crops wors destroyad, Thus, aitexpls to =asure elthor the
costs or tha boasfits of by program &re characterized by substantial
meortainty.

Constquently, eny evalustion requires a se¥jective waighing of
mllitary bonafils szainst poycho-political costs. Honstholess, it
doss ssam highly valikely that destroying crops to the extant that

more than §9 paresat {or §5, or parhaps evon 90 yercent) are elvilian

- grewn is appropriate. This doas not, howevor, ansmeer the puech more

difficult quosiion of hew rach should bs destrorsd. Atteopts to
answar this ¢r2ation cest eonsidor tho stratogiss and tactics of the
YC/NVA ea 1311 a3 ths interzction with othar food danial activities
of Allicd Foress.

Q. Croo Dystrieetion Is Ondw Oma Astaet of Food Bandsl. The program
mnt bs ovaluatzd in tha cezluxt of an ovarall food denial program.
The VC have many altornative food supplies, and thess must also
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, e shut off 1f crop dostrection is to be fully effective.

A major problem i3 that thore sy be Yrres ries surslusss
_ghored in fecd conres arans, Binh Dinh le 272in oo axtroco

«aoplo, bubl it illustrails tha cacnituda of the yroblen,
Troorotically thy proviney 4a a rics daficit erea, preducing
enly chout 150,000 toms of ries por yiar. Hxmver, Binh Dinh

ed 120,000 tons of US o G31 riea for local econmmpiion
and for cxport to surrevruing proviness. Thus, in actuality
the province kad & surplus of ovar 102,000 tms of riu, but
post of it as in ce=msreiel channals,

gg__:ggg,gg is en Obebnnlo to Sffeciive Feood Dimisl, This

s £=de it poscidla for thy ¥ o purchace throusn local con=
soreicl cr.x..:-::ln. Ths Binh Dirh Provinca Chief ert several
district chiefs vore brovzhi to trial in Octehor 1957, ond of
thy charges baing thair eonalieity in tha role of US/GVY rice to
the ozncny., Hopafully, tahavies of this Kixd i3 rave, However
whare $t existy it easas VO4RA supply problezs, and ia also
trlieved to conlribute to gaperal alicnmation of thn- popula.t.ion. '
Anticorrupiden neasurss aro, therefore, izportant o an ef-
%va food dental prozra:::.

Also b3y Interdieted. In aress of
high,end even midivy, population densicy this 3dll be vory difficult,
if not iopo3siblo. In eraas of spor:za population, hetover, the
Interdiction of olhar food gotrees tasonss foauibln and cosirabdla,

There in & broad renze of food donial activities which should
be plannad in conjunciieon with erop dastruction. ‘hoze inclula,but, are
Eokably not Lizited to, dratruction of stockniles, militewy cav-dning
ackivitios {esprcielly during Porvest tims), countor loglsties cis-
sdons (o.g., nilitery patrols znd PRU eporations), removel of ci-
vilians and othr popilation ceatrol miasures, bonisr control, and
Hational Polles Rogsusress Conirol efferts. Thess netivitics *
Bave pot recoived ademate coordinaticn. a

J. M2 Procodurss Shonld Foeilttnts Cearstiens srd Prozoen Evalutigg
In thy past, dozisiona as to prozren sice and i:o..t:sntan..cn Lxd to
bo mado withaut ths Bomafit of all available inforcation. Ths newr
preesdures should Aneraaze the soownt and quality of informction

v



avallable to ths decisien maker in planning ar®ewelmting crop
destruction activitics., Moro infortation and 2xelysis waal
presumably 111 be rcquired, but ths nev procedures ahould
offer substantial improveacnts in thenmsslves.

Since crop destruction iz only ons of ths means of denying
food to the sneny, howsver, the appropriate zize of the program
will to sc=e extent bo a Junmetion of iis rolsiive effectivonass
with respoct to othor ford denial activitics. Inds, howaver,
can probably cnly bs detormined in tho context of an overall
review of ths food denial effort.

g
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. . . ERCOOTNDATIONS e

A. Effective psyops Tor the herbiefde progras has not bean provided,
MACY and JUSPAQ should) tharofore raks a eoncorted effort in coopsra-
tion with tho GV psyops officials to correct this shorteaing, uti-
lizing our ccmbinad resourcea as requi:ed.

B. Peyops directives should be reviewmd and brow it into conformity
with the policies and procidures projezsid in this report.

£. There should bs tiwwo poyops progra=s in support of herbdbicide

-opsrations: (1)} 3 coubinuing lowskey educational progran, (2)

ths developz=ent and exccution of payops cmpa.lgpa gared directly
into spaelific herbicids projocts.

D, HNation-wido ca=maipgna should bs aveidsd., Peyops should be
eoncontrated on thoss arcas whore publie dicalfoction is evident

-or potentisl, Ths populatien of enexy-controlled or contested

areas should not, howaver, be neglected.

. ) £y DDBY

A. The herbleide irsus decs mot loco large at pmisent. It carries

with 4%, howaver, & strong potential for troublo cus to its exotiorad
contont,

B. Klthough tho pz; cholozical coats of the progran haws not baen
sorlous or unz:nz;citlo, ths psyops support to ths prozeem has not
boen adoquate. The pricary problem anprara to ba the ra.i.‘lu:e to
axecute the preparet payops plans.

©. The present paycps policy guidalines reqnire 1eviow.

D, Pzyops persornel at th: provincial levsl are often unaware oi“
the herbiclde program and its icplications.

E. Ths YC ere 2ctivs in exploiting our vulnerahility in this field;
And the population in the affected arezs is recejiive to their distertions,

3’
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¥. A responsive indemnification program would holp minimize
the psychological costs of the herbicide prograz.

I, ANALYSTS OF PSYCUOLOGICAL WARFARE SUPPORT PLANNING
In the context of the total war effort in the military, politiecal,

‘ eeoncpic, social and psychological spherea, the nressnt psywar/psyops

problens in the herticide progranm are of comparetivaly binor signifi-
cance eity.r in South Viotnam or stroad. (I1I Corps, whire the
majority ‘of defoliation projects have been carried out, is an ex-
ception.) Heverthsless, ihe fssucs involved have high exotisnal
content, and thus are potentially hazardous within spacifis aufiences.
Within South Vietnzz, such audiences ineludz thoss whosa livelihoed
is aftectod, those supcentible Lo the natural miesivings of a yural
coemmity toward a delitercte prozram of destruction of livirg,
productive plants emd thoss suscertible to VC-inspired distoriiens

of the aids-effects of herbicids use, Abroad, and particularzly in
the United States, the audiences include sclentisis who are sincerely
concerned about ths long-ierm effects of defolistion upon the esology
of the country, lay=en who are concsrned about ary destructive aspects
of war, and thoso who welcome another club with wnich to belator the
US Governcent. :

A, Problezs bv Ares |

South \'1‘ ethan

According to the 1957 Hationwide Hamlet Sw+wey, in szcuse hamlets
herbiclide measures are far from uppermost azong villager grievances.
(Attitudes of people living in enemy-controlled or econtested areas,
however, are likely to Lo rore critical,) Natiunwide, the spraying
of frult trees and crops 1s mentionsd by about one psr cent of the
rural population as tiing something that should rot be dons, However,
objoctive data are rare znd centradietory, and “inforned” opinlons
rangy from minindzation of the public icpact to the view that the
herbicide fssue Is of very high priority. In what is pirhaps the
middle ground, it is roported that wvany posple cre willing to acgept
herbicide lossas as wmavoldable in the war, and that they ares span
40 porsuasion that a reduction in VC actiwvity hes reayited,

Reports indicate that III CTZ is ths area «f grestest comcern,

" Although ths hanlet survey indieated that only %% of th: population
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ineluded spraying as end f thelr grievances, oihor opinion surveys
rank the issys of deroliation as very high in discontent. Sope US
. officials gave top priority to ths problem in JIX C7Z, although they
: ** also said that if tizely indesnification payments szre to be made, .
. the problea would disapprar. Siguificant in.en asziozment of the

'i, v potential inpact is tha report that in the oloctlen ecspaipgn of

1967, 12 candidztes in XII CIZ7 are said to havo incluced the herbdiclde
question arong their political iasues, and sovoral of these candidates
_won srats in the national lezisisture, The iaaue boccmy a subject

of scheduled joint hesarings of tns Lpper Hiuse eumniticss on
sgriculture and defense, fscusing on coapsnsaticn precedures and on
criteria for conducting “efoliation vpsrations.

The VC have explolt:d the issus succesafully in zany places. It
lends itself to ruwior-ongering and ether reans ussd by Cormunist
apgit-prop teans, In zdditlcn to aggravetiry the dislile and distrust
sngendered by the herbicide operations thenselves, the VO have

: . embroidercd the issus by atiriduting all sanner of dissase of man, -
! . plant or beast to ths ezployment of chealcals, -

-
-

The Uaited States

¥odia and public have shown. relatively 1ittle fnterest in
herbicide oparstions. The press has confined itsslf to factual
naws itens of urotasts by scientiots, replies by govern~
ment officlaly, anl routine Dapartrent of Dofonce anmouncezsnts,
Plus features geneated frez these ltems, Editerial co==zint has
been rare, bub is ;renerally eritical or questioning., Radio and
television coverags has been infrequant.

The apathy of the publle hay been so far uraffected by
the protasts of seiie sclentists. However, the [inking of herbi-
clde with chezical warfare, as has b=on dons, reveals the in~
berently explosive niture of the attitudinal prellen.

It wrold zcem that the need in the United Statas is for a
elear-cut delinzatien batimen harbicids and other chazical
programs, coupled as ruch as possible with factual data on

- objectives, meithodn, and results of ths forzor,
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B. Present Psvopr Susport Activities

. "A1) herblelide projects must include a psyops plan according
to pressnt procedures. " Approval of projects, howsver, ls not
econtingent vpon actual exacution of previous plans. As far as
can b deter=inod, these plans generally have not been executed,

In gddttfon Lhers £3 & lack of background material on the

) herbicide program in gensral, which has l=d to false claims about

its effoct on vegetalion as well suman and anim-) life, Further-
more & less than ully responsive indemnificetion prozran has not
properly served to pinirize the psychological costs of the herbicide

progras., - .

e Pressnt Meeds

In the executicn of policy, psychological operations must be
concentrated in thoss areas — both secure and nonwsecure == in
which herbicide miasions are carried out. A nationwide cacpaimn

. would unduly advartise the herbicide program; bat =canting our

peyops scticn in aflected areas unnecessarily leaves a vulnerability
undeferndsd, It should be emphasized that the populstion in the VG-

«controlled, or contestsd areas should not be ignored, in a spirit

of defeatiz:, They constitute an iaportant audience as pacification
and pationvide political development advance,

The puyopu. support program must have two aspects, to be
carried on as appropriate. The first is a low-key, onreing campaipn
of education in tlose arsas where tha hervicide prograns present a
publie opinion preblen. This could ba donz undar the supervision
of the provinsial peovops comnities, usting radic, press and other
appropriate codia. The second aspect must be grared directly into
each defoliztion or erop dastruction project, fallewing on the
heels of o rarticular mission, or preczding it Jhen fezsible, In
order to onsure its execution, this must be the resconsibility of
provineial officials who must have speeifie cocmittrents end suf-
flelent assurance for peyops zupport befors coneurring In a project.
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I mmproceﬁmaouuimdin&cuonsonMgrmnamingmd
Procedures should be instituted. Thay will involve refuzse specialists
in ths preparation end post—sudit of horbieids projocts to & greater

“sxtent than befere, h2alp ensare batier cara of whatover rofugces

may be generated, ana provids irproved dnformation for Safgon-lsvel
policy and progran officials.

B, Preparstion of refugee support plems will bo L ecuired only 4n
ihoss instanres wbore refugee gencraticn is anticipated.

C. Yore inforTaticn fhould bo ottainad about tis conditions of
iife of highlond residents srd othzrs wiv have bien unicr enexy
control for teveral years, strecsing imformatfen about thy ef-
facts of crop destiusiion aad other food denial afforts vpon
them, - . .

II. . SIBCARY CF FTNIDOS
- A. .Berbiclde oper:ztions elones hare not generztel a significant

nunber of registered refurzas,

B. Although ths highlend residenis have beon adrersaly afferted
by erop destruction op2rationa, with ecos exceplions thair fosd
supply has not best 2o raricusly i pa.ired as to «auss cuy of
them to coze over to Gl cintrol.

€. Refugee svppert contingeney plana prerired fur herbicide profosts
in the past have largely basn a pro forcs responte to & standing
progran requirernt,

D. Although the gensration of refusces by horbieide has byen minimal,
there is a nszd for 2 econtinuing roview of 2l projects froa this
standpoint, In a great m2vy instsnces, province and Ccrpsmlcv;.‘.

refuzee nfficiale nivo not bren consulted sufficlently in tho prep-
sration of harbicids projesss,  Introdusiicn of ihe now proceduras
outlincd in Section © will climirate this deficiency.

N
[
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nr, JALYSTS oF 08T PSS
A. Purposs of Pafusee Supnort Plans

Present herbicids propram guicelines recuire that 3 refuges
suppart contirsrucy plan sust by prepared for each herdl inr mredact.
Thls plan i rupposed 9 b9 Lizsd wpon & Provines-level ascrassent
of whether the projset will have & sufficlently serious effect upan
the food supply of prople &5 tha turgst area that thay eculd be
axpagiod to rava oul and apply to the GVN for food, shelter and
goneral asaistance.

The refusso surport plan pequirczent is a featurs of the herbicide
progran which prebably raflects ths early usceriainly on the part of
policy makers &s to wiethar the projran would ganerale a signi{ieant
mzber of refugsas. The requirezents wers builf into tks progran
a3 & safegeard to ensure that refugees who cight be gensrated would
be cared for.

B. rarat and Faview of P2

The cars of refugees 1s a GUN responsibility, The program is
carried out with t.ha cJ o8g collaboratlon and assiztamce cf the Rofuges
Division of CCRDE. Jnticlpation of refugees an a cohsequence of
mllitary oprraticas asd tho preparstion of conlingency pians for
their cara {3 thy responaibility of local GV officinis, The
Province Chicl i: assisted in this work by a Bafugee Chdefl from the
GPN Mintstry of Social Wolfare nn:l Fafugees,

Do Rerbicica Jperations Gonurats Ragg.;'e, ex? -

Aecording to ths tezatinony of CCRDS Rofugee Diviaion officlals
as well as th: exparionco of othar Mission officlszls win have
had exporiencs with ths kerbicids progran, tiare in little evidsnce
to indicate that herbieida opsraticns have caused any sipniffcant
refugse outflerr daring tha wvar in Suuth Vietmen, A few refugses,
when questiorzd, kave gaid that they left tkeir hozss bacauss of
herbields eparations. They represest only az axirerely s=ajl
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‘poru.m of all refugees, however,

According to Refuzes Division officials, it has besn dirﬁculb
to ascertain,in any definitive imy why roople bocoza rofugses,
Cenbinations of ths following roascns, bowsvor, have boen cited in
interview aurvers: (1) ceshit operatiocs or tha threat of than,
(2) bozbing, (3) VC prossures, e.g., taxes apd rocruitwent, (4)

-marginal and unceriain oconctiic econditicns. People leave areas

that have bean significantly subjocted to general military :
operaticns. FProsumebly, this would be true whether or not herbleide
cperations kad takan place. Soms refugees are yeported to have left

. thely hezss vzon seeing spray cissic:a in iks area. They considarod

this significd cthyr irpending ndlitiry opozations. The latter,
rather than tha herbicids missiops, vas tha real source of thair
apclety.

On the othar hand, there have bisn mllitary operations in which
3% wvas interdsd that ths population in ths area invaived would bas
obliged to =ov2 out. Karbicids oparaticns in tlress instances are
but cno aspet of ths ovarall battle plan, huvever, ard are not
alone rosponsible for the relugeo outflow.

+ The Suegiad Probles of tha Montsrnaxds

We do rob kmer vory mudh about conditions of resjdents living
in highland zr2as zhit kave been under enssy cortrol for severzl
years, Si=ilarly, w2 havo only scarty dafermation about tha actual
sffocts of crop destrueiion oparations vpon then, Yet most of the
crop destyuciicn sissiond are flown in tlese areas.

As pointed out in Section D (Crop Desiruction), although erop
destructicn cperatlions are spogifically <asignsc to weakon the
military positien 3f tho oncoy, they have a asavy izpact vpon tha
edvilian popadetioa Uving in the arsa, i.e,, in the present
inatance, prizarily th» Montagnards, The eremy can bs assvzmed to
exerclas jxexdiate or ultizate control over mest food production
in areas thit it controls. The aralysis in Seetion 3 concludes
that apprexizately 90-952 of the creps dastroyed in ens=y-controlled
areas is prewm by ko civil populaticn. The Montagnard is in the
wmenviable pusition of possibly havirg saza of his food crop '
destroyad by harbizids opsrations or porhaps having it seized oy
thch}'ﬁ/r'\h\ Oihor ecamsrelal ssurces of food are rarely available
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A. The Military Civil Asaistancs Prograz (MIICAP) procedures should
be sinplified In order to pyrnit up to $VNG0,000 to bo paid on a valid
olain within ono mopth of filing., This will expedite the payment +

. of 802 of all herbicids clains,

B, A concerted sdacatiemal effort must be eade 20 increass the advisors!

imowledge, espacially at province level, regarding ths policies end pro-
codures of HILZAP 30 trat they can bs implecented more effectively.

C. The full=time services of 4 qualified glast pathologist should

- be obtaircd to assist in the investigation of dafoliation dexage

clains cnd to raize tha level.of sireness ea the pari of plogras
parscnnsl o the field ehout the biolozical effects of defoliants

on p]ﬂ-ﬂt Jto,

.

. WARY O 1Ds
A, T's Prozran Tative Or Secwre 334 4n Sove Contested A As,
B. Solativ ot InZ-mnifieation, MILCAP provides only for solatica

payzents as oppos>d to full or reascnable indemification for damages,

C., Ffeoparstivele £ro1) foaunt Paid Out ia 1957, In 1967 $VNI5,380,000
ware paid to 5,853 claizsnis for Lerdleide duuge as opposyd to
$WB3a1, 004,000 pid to 15,013 clzivants for oiter war danige.

. D, Administratiog is Vot Efffelent, The adzinistration of the clains 3

prozran is ceoplax ard tini-consuning, Py way of exaple, each clain
requires feven or pore supporting docusants which must be submitted
in eight copies, - .

. lemantstic. 4z 1ot nifors, Appliestion of policies ond pro~
,rodures varies vllsly frea placo to place lergely bocause it is dopondent

on the parscnul izterpretation of the provines and distriet chiefs,
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B.. tatien of Poycent

- ‘ B

P, Fnouledzs of ¥srbicids Effects Is Spotty, Farrors and US and L
GGU officials do pot know encugh absut tha biologieal effects of -
herbicides. .

G. Adminiatrative Yrremilarities Exist., Thore 1s evidence thet
disbursesent of [LLGAP funds may be subjsct to administrative

drreguiarities, ‘ e
Iz, AW, ® THE GVH FROCH
2l Ma d the 8 Presontly S»all,

Calendar year 1967 was tho first year in which herbicide davage
€laims havo boen ssparately ddsntified in the GVl Dafenss Budzot.
In that year $35,320,000 were paid to 3,88 claicints as oppessd "
ts SVNIEY, 004,000 paid to 14,013 claimants for othar war danage,
It should bo nsted taat $YN1L, 000,000 of the $V035,320,000 wers pald
out in the morih of Dicember and repress:nt a cle2an-up of outstending .
clsins that ware subaftted under procedures in efrect prior to 6
Ssptazhor 1557, tte ~ffective date of the curreat procedures.

Eerblcids damaiz) claims hre handled by the RVFAF Political Warfare
Departrent as a sub-:ategory undsr gaceral war daage claime, The
ehange te 8 nov procdury required the deter-inat’on of a policy
which would expaditinusly disposs ol outstanding vlains from Lhe
older progrens. The policy dovised included the lollowing sction:
rejection of all cla ms dabting from 1954; settleount of 19565 elaims
{processoed on o bafire Hareh 1767) a8 507 of the apnroved emeunt;

" settlezent of tis fist haif year of 1964 clai=s 1t 502 of the

approved ‘amount. Clrims subzjitted for the socond half year of 1964

ard in 1947 before & Septenbor wore to be settled in full under the .
former MILIAP sriteria. If oxisting KILCAP procecures are stroon- 3
lipad as recom=snded above and thy farmaors beccoe more aware of them,

the tinmincial ragnitude of the prograa will increase.

.

Undor ths poesset system, payrent is nade ou a solatiux basis, .

-4
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that is, only a portion of assessed amount of damage 1s to be paid,
As an oxaople, province pay approve claims azaessed up to $TN00,000
but st cozpute Lhe paysant as followa: 100%7 of the first $UN20,000
and 50% of the diffcrence batwsen $7i20,000 znd $VITI00,000. Thus
the claizant would receive only $Vu30,000 of a claim ass=ased at
$VY100,000, Over 803 of ths farmers in Vietnan have under L hoctares
of land, The averags productive valus of a bestare under rice
, eultivation is 3'8:21.,000, thus £0% or nore of the farmers would be
" subeitting claims of $VII00,000 or lags. -

es and edurss Are K ldﬂu_;telv Executed,

The Hilitary Civil Assistance Prograa is also called the *Flan

for tha Pronoticn of Fricrdship betwten the Feopls and the Aroy.”
Procedures coniodred in tie plan wars designed to reduce the opportwmities
for adninistrztive irregulerities, and to shortea the delays encountered
in the pro-f Szpiexber 1657 systen. Thess gpals were to bo accozplished
by rcducing tr» valus of & ¢laim that could te approved 2t province

Jewel, requiring peyzent of eheck instead of cash, and by setiing
Mcitations cn the processing tims at each lewel.

Some province and district chiefs have zads arbitrary decisions
&8 to who may or ray not subalt a cliin, Thess decisions have reflscted
& lack of knewledpa of the claim ~ 1icies axd procadures and ey
be viewed as lack of concam for +welfere of tha poople. Opportunities
for sdninistrative irregularitios siill exist wiich lezd to charges of
the gale of claing forzs, ths poyzmoat of brites for processing and/or
favorable censideration’ef c¢lains, ths charging of & fes to have the
payzent check cashed, and eollusion as to the 2wunt to be paid,

Intervicws with -US advieors in ko fie)d fidicate that thelir
Inosledgs of MILCIF procedures is epotty end inuffielent for t.hnn

to advise thoir ccmt.e*p..:-t.a in this area,
;;—~

D. IThe Svsten ;s ot Sufficiently Pesponsive to the Clairant

The e¢lairant must acquire zany foros end supporting docuasnts
and prapare thas in eight coples, ! pust have scce of then
werdfied ot villecs lovel, scme at district, ant others at provines
" lsvel, Ths proceduses a.llu‘.: for 172 daxys cmhtivoprocesmg
tine throuzh tis varicus stepa, 7There ers immt.iona that «tds
tice i3 baing ciioeded,

For tha pagt part, the cl:d.ms forzs nust bu loeally r*produced.
Sipcs wholo honlats, or possibly villazss ave oftcn affected at the
saxs tine, thy process icposss an u::.z:sasaahle turden on ths linfted

*
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administrative rescurces of the affected N:eulmi and districts.
Adninistrative 'eoaploxit.y. authorizod precssaing tires, end . ..

{rrepular practices m=aks this systes unrzcpeive to tho needs of ' .
Larmers who have sustainod dezage to tholr creps.
F.  Assessment . ¢

An eoffective irdemnification program ie mecessary whethor on a
reasonables componsttizn or solatiwa basis, IX 1s & very tangidle way
by which tha govern-int's concorn for tho piwgle can ba d:zonstrated,
It must be sieplo, however, and require & cisd=m of aduinictrative
offort on the part of the claixant, It cust ® rapid and responsive
enough to allow hiam to ruplant nis erops as quiekly 20 possibls withe
out personal, out-of=psckst expense.

The principal objzetive of the clainms mrogres shouid bo to
promote good rrlations betwoon the GV and the poople,

-y
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Sectioa Pt AT ALSTSETIR C2 rm*’cm CoTIENT0ES €3 T DM0TXA-

S - (21 ) il I S TY (K TWENEN
ROTE: fTh2 folloving pasor vay propared L7 Prad B, !'e.urlca. .

ecolozicil conscitent to tha Fapdielda Poliey Ixticy Ceittee,

nr, Tochirlaz 1o en 2zoleslst with tid U5 Troaripamt of

Agriouliurs thoss cxpart farviess waro rodls oretlodle to the
Cormxittes, ot its reruast, coring th9 pavied of v, Tachirlayty
specicl field trip to South Vietnan f1v3 kide) am to mid-aprsy 1650,

A, The doatrrability of cgolozie radaapaly after tha v onds
osnnot by over-cmiuasizad,  Thy rosearshy choald ba ecdfdotorsd
thrours en tnatitaticn that vill pro7icy oomiiexity ¢nd trazcth for
tho roscawoh ooz, If tha war ondd o002y, tha osroitoaity of

-astebliching csoloste rassarsh wndar thy mwxc:'m Eilolesiecl

rrogran theuld bo explosed,

B, Continvins papocs=ont of tho xfolintien msz“.: oo 1t affeots
toroctry end vateioiizd valvas thewld by £oly by tir Forestry
Branth of USATD, Ground obgsrwaticna cre Dost éasirosble, but
aerlal seryeys duting varlous seascad of S yoar will comtrivute
ntth good inforzation,

C. Proa en ecoolo e point of view, thy ecnsapt of dafolicting
lerge arca teroatr An ciries o An o chockosseord patterm has
groat rorit, Und:follsi~d srons wendd carie 63 ¢ 5224 scureo fer
regenoraticen crd ‘a5 habitat for vildlifs,

II, STTURY O FITTLGS

A, Ho Blfcot on Pracivitstion

Dafoliaticn l:as no mrasurable offost ¢ strosvherie moictmre,

_ It vould thay have ks offcot o poesipliatiza,
" B, S2my Posaible lrtewizntdien '

Iatericoticn of col) 1n & lennetord presass thlch 1s ate'c:r& o
iy poll 1y exposid to dAniat solar radisiden e=d ulnd, Taiipley
€020 not boliove N2t Aatordostien Bas tooa kavienad dn ﬂc‘::"::
tecanss dololfistiin o2z rot rosalt 43 kars £3i1, Taiarizaticn
coxld bo sraadad oo, howavor, oreard AL14Cd tass e::.p: s the
tou io lw;. frea of c.r.:r vogstatica,

’
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€+ Soos DBrosicn Arcund Dias Cazes

Tachirley v2s not adla to excafas dofolicted forests in
wountainous torrain for evidaner of ecepicrated erosion, En di4 .
not obssrve cny puch evidanse, howovor, fred the oir, Fe ¢id ese .
gally and shest erozlon cround Allied bass ¢ddpy vhere wegetation -
has been kept to a sindicm,

D. Effeot cn Mater Trdle liot Aszsssed . . -
) Due to lack of tize and csry socesd to the countryoide, Tachirley

was not mbie to eoless vhather dafolizticn pay have affected the level

of the vater table. This could toie placa, he balieven,

8. Adverss Fffect on the Ssi) Svsten Unlitely

Hiero-orZiniczs are on edsentisl featurd in the soll ayoten,
Berbloid=y that kill the pleroeorsznizng werld have & sovera effost
on the ¢ol] esolosy. Orenay wnl vhito horbicdc:s thould net, houaver,
have sany drtricantal eficet en picrobial pspulnsiona in the gofl,

P. Raronarctieon of I n-pove ot T212% 20 Yoamd

. Twonty yoars have boon estinated as e nortil tics frons for
the reganmatieon of cangrere, Taehdrlry ballevo) this 22y tine
table would o331y te oriz3 in Ssuth Vlatnma vhory ningreve troed
have boon killad b7 herdicidss, B2 basas thio ¢iinrica uson cerial
obogrvatica of now vangrove gToith oxtending inSo on 8922 alenz

" fho Cug Fa3 River that had boom dofolinied dm 1652, Tathinlay *

eonstdars that 20 yrarg 19 8 censsryative eotirate of the tine
noedad for the rosteratien of mangreve forcats, '

Q. Mo Avearent Effect eh Pich

Statistics shew that there has beon & steady insroase in the
fish entch batuaen 1555 and 1957, Toedirloy balieses this fndicates
that harbioides have not cardcusly dizturdad the segratis food ehaln, e B

B, Soos Paduction in Bird Life, in Fan~rovo S'ooms

Tochirlay bellevos thare prodably has b2an scoe reducticon In
the bird porulaticn of canire7s ev-apa that have baen hoavily

. treated with hardiridsd, Thore g2ill rezaina, kouvaver, core

mireated than traated comsrove. ' -

. ' s
b -



S "s_u:-.o fffeet on Imvertohates dn (Dnwroyy Srevas

The populstica of irvertebrates surely ha2a &lse baen reduced
in the canove foresta, nlshcuzh At io vnlilkaly tint any have . .3
bren rodused to the point of extinstion, Again, thore sre otill
Rany arcas of untreated cinzrove foraste,

J. Bffoet ca $-—ddieiduora Porsits

The eeolo=ienal consaquenses of dafolfiction vould bo cxpacted

to be post evidant in Lar Zeasn € and b, Tachirley found it Qirfiecult

te asprs0 thr ceoloxieal affccts of the war on thesy Zonsya and vn
ths peafdaelducun forvstis of Scuth Vioinan, in gonwal, Tiore ore
approxicasely 50,150 57 of cush femesto of walah 8,150 10° have
basn troated, 1.6., 16,73 of tho teial sentdselizeaus fepasts, Based
upen axtr2rolsticns frea other data ond his o enzardcasas 4n
tropisal forasts elzathore, Toehirloy condidara thot thy diloliation
¥y herbicicry of Soutly Viotnanto ssnidaciducns ferzets would ba
about tha a9y op obiainsd elssvhsre, Tha forasts in Ezath Vietaam,
houyrver, ary cestinss tocated tuo ond thros tiras, 22ehirley
infern trat thy gaclogical dcraot vould ba3cze prosresiivaly greater
with ench svzeerding trastoent, Indtin)l dafolisticn will kil

seoe treos, btut pob g hish pareontoss of thoa, Suaceciive trzat-
ponts vill inzroile the poresntasy of Xills,

K, PReronrratien of Porasts,

Dats on reseneraticn of forests is seanty, snd partieularly so
with roszpoet of Soith Vietras, The princiial oscleztcal doiare
inposed by recsated troatzert s 42 that eaplingy epd peles prosent
in the lowvar stery, end thr saedlinga, eay be k'iled, This will
ereste prodlecs for+ natural rasseding. Thas forusts boinz ¢afoliated
in South Victnaa are sseondary, net prirmary forosts, Iasn tine is
needed for tha esbublistizsnt of a eacondary forest.

L. Site Invasicn ty Banvoo Ceuld Ratard Nacenesation

The groatest ¢s=age freo ropocted dofollnticn is that the affected
areas will ba in7eded by bozuso. This will curaly eauss ¢ poteardaticn -

‘in the ouzestsicaal prosrecaien, I8 1s dffficult to cradiccte baoboo

onee it has estoblishad itoslf, Ghe tina seala fopr Sveesasten in

the goidaeicuces foracts of Scuth Vietra 43 net Mpom.  Single .
trontount ohould msb cav.s esvars suctrosiomal mdlass, Multipla *
treatzants vill prodably cauzd oite dexinansa by buabeo,

\‘ - -



T
+

TR e AP g Lk - by e Sron - 1 1 = s L

~We Bffest c fai=al 147 Eob Trn

. ™8 effcet en endcol Ufe in Victnog 4s mot broim,  Atcordieg to
-~ .. Tachirley, thy prentor thy mwilor of $ro2iniass, tha prester vill
te thy Coasd to endral pasalatdont,  Toohislay boliczos that 1t 19
elearly prasible that ozl r=i9 betinod o) to Reugley, caop end
{ - tasteas have boea elduinctsd £rony 32 Cofolicted epazd 4n Uar 2enea
.+ Q@emd D, Othor military estiviticd, howawer, have paelably hod &
far groater impaet,

-



III. AR ASSUSEUEST (0 ECOTAGTCAL CONSTYOETES OF TRk
' DEFOLIAVICI PAODAE Il VILick :

.

<.. " PFred 8, Tschirley
' Saipon
April 12, 1968

INTROCUCTION

The tcience of ecology may be sinply defined as & study of
the inter-rolationzships erong blological organisns and theip

" influence on, or thelr rcactien to the envipesssht, Ecolesle

Investigeticnn zay take the form of studying the regsponse of a
single cpacied to the environment (sutecolozy), or the interzetions
of & comounity of tpecles (synecology)., More resently the study
of eco.ozy has been opproached on an ecosystem basis which involves
the czptury ond storage of radicnt enarzy by gTeen planta and its
subsequent traniformztion end reduction by tha blolozical and
aneirdioantal systens, Por those who want 8 rore detsiled
description of the interactions in on ecosystex, I would suggast
Chapter 1X of the KT Report (House, et &1, 957} becaune it §s
locally availadble, It i3 Izpertant to yascnber that the ecosystem
involves not only the blolosieal erganisns, but also all aspects
of the phyaical environzant !n which those ovzanisas live,

I have atrossed the ecolysten approach %o ecologle thoushs
btecuuse {t {3 e nodamn concept that has evolved in responze to
needs thal vare not being met by the more ¢lissical concepts.
Pespite the intarpretive excellence of en egssystem analysis, it
will not be usel in this report dscause the gusntitative data
needed for such an analysis are not aveilabls. But I wouia hope the
recder {8 avurs that an effect on on® elemen: of an ecosyasten capnot
be 13clated, Taat effect will in turn be an infivencing fector on
one or 2everal other azpaets of the ecoaystes, The possible effects
on the defolintion prosres in Vietnanm on blota, soils, and clirite
will be discuss:d sepasately, Synthesis of the vapious parts into
& fully interpratable shole i3 not possible with the current state
of knowledra, In addition, there are certain spaeific questions
of icportance adout which & responsible judgenant eannot be glven
simply tocanse there srs no data availlable o3 vaieh to bese a
dudgeient, :

The discussion of the possible ecologie conasquences of the

.
defoliation prozzon in Vietnza will ba basad on published literature,

prior exforicno2 in the ecolosy of the Azerican troples, cany.yeara

s .

-



of exparience in the response of woody plents to herbicides, and

aeris) and ground surveys of selected sress im Vietnas,

Ths ©engrove vegetationsl ccuplex was viewsd freo a helicopter -
everfliszht of the Rung Sat Spacisl Zouw {RSSZ) em $arch 28, 1668,
Pefoliation of the sangrove in the RESZ vas sterted in 1566, btut most
of the d..ollation rlights were cade aftor Jumw, 1967, A mangrove
area on the Cng Doc River that had een sprayed in 1952 was viewsd
frea & C+323 overflight on April 7, 1968,

Seideciduous forist in Y2r Zones € anl B were surveyed from
a C-i23 cn Farch 23, 1568, A cors datollisd serial survey vas cads
on Mareh 27, 1968 frra e high-wing Porter . {rersft, Helfcopter fiights
vere alao rade over cany of the sa=d arcas, ssd ors naw arses, in the
courae of being tramuported to and froo specifie graas that sore
suarveyed en thdy gicund,

Ground purveys vere cade frea Specisl Forees Canps located at
Thien 5gen, Fotun, Teng le Chem, and Bu Dop fye= March 29 to April 1,
1968, inslusive. Siverzl hours were spont im the forast at cach
lcsatien to crruno dafolistien, refeliaticn, swesosional patterna,
and to gt & a2l for tho possible effacts of the defoliaticn on
wildiife, In ndditien to the pesraoncl obhzermtions, D 8t the cecps
vere quastioryd raparding the effact of defolfation on thair opsration,
thaly irprorsions cheut the relative difficully of husan movement in
the forost (3 rough ceasure of ths density s=f empotition of the
geound story vegetation}, end sightings they od made of wildlife,

Aerisl and ground gurveys vers concentrated in ¥War Zones C and
D deesuse inrze creas hive baen sprayed with €afslisnt 4n those
tones, Porttons of C snd D Zonam have baen sprared 2 and 3 tires,
Thera are ne other areas in Vietnaa vhers tuek largs dlocks have
been trostod or that have been treated so intensively {on exception
to that mtotecant wauld ba the DIZY Thus, She ecolo~ienl consequences
of thz dafoliaticn jrosras would by expacted Us e post evidant and
most epzily dofinad in those areds, ¥Wor Zea:s £ and D velPe also
asceszlidle for sarial susveys end the lecalica of 3posial Forces -
Cazps effordad the oprortunily of close obserntion frsa th

- groung. - .

L eonoluding introdustory remark ie noceszary, This report
ean in no sonsa be ecnsidared & ecaplete, cuthoritativs gsssissant
of the ccolosic eifici.a rasulting fren defeiletizn of 1apest esnopy,
Tha sonslusions reashad o= Judsements based ea rdor experionca and
the nacocsaarily fev ehzewrrations that vare vessivle in an eres of
wmr activity within the tiza frede drmanded,
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"A, Effeot of Dafolistica en Clizate

Not wecsmonly oo hesrs that largo-scale medifiestien of
vegatation (forest to grassiand, for cireaple) or the vegetative .
deradaticn of an roca wi)l eaus? a changs of-e¢litate, particunlorly .
the snount of rainfall, Ths theory tahind this stetczent ig that as
forest is covardad to grassland.or the soil ie dared of vegatatien,
the evepo-tranapirztionsl surface is redused and thus thera is less
moisture ra2leassd to the atmesghers for subsogusnt procipitation,
¥he fallacy of the thaory is recdily epraprent chen one eonsidars the
vazt scale of atiwarherie air floy, vith the coditurs it contmins,
and the relatively insignificont raduction in coistura that night
Y& caused by roduced avepi-trinapiration, It 12 instructive te
make sco2 simple ealoulotiona that polnt out the fallacy of the
theory Dore explicitly. ..

By epplyiny the roasening ussd for an erid arsa {ReDonsld, 1962},
let us apply soie sinple caleulcticns to a forested orsa thot 18
100 k= on » sidy, I wy nasum3, cencarrobively, that the total
polsture in & vartical eoluzn of the ctsocphare sbev7e our Area has
& depth of 3 ¢ and thy oir rass s Co7ing orer the ar2a At a rate
of § ka par hr, then wa can ¢aleulats that mititare i3 paszing
over our ar2a ot a rate of 4,17 x 109 £ per casond, How lot us
furthar assuse that our hypothatical forest has baen entively
denuded of vogatotion and vy reasoncd that 1t =2y have baen
eontributing 10 rorcent to the toial atzoapheric poisturs, In
other words, we exnact p 10 parcent daersase of rainfili, That
would be ¥,17 x 10% g1 par second thit would have been contributed
by erape-transpiration fred our forast, In othar words, our
hypothatiesl ferost would have tp bo contritating noisturas to the
stmosphare ot 8 rote of 1.1 x 107 galions prr zsecond, Clesrty, such
8 Pigure is cnisascmable, If w2 e¢arry this celeulaticn furthsr
and consiior cre trae with itz branches im the vrzar or cicdle canopy
for each 10 5¢, then evape-transpirction £rea exch 16oe area would
have to be K17 ol por toeond, Tiot 18 fep teyend tha maazuroients
that have blen cade eof the coat profligate suter users, such as
881t cedar (focarix goantondral. .

Locking ot thz prodlex in ancthar way, the work of Chrom: end .
Pratt (1953} lends 188215 to tnls Cizsuasien, They wada ceasurecants
of dew point oter and dsinvind from & dassrt frrisatien projoet
qovering scTy 100,000 aores noar Youa, Arigoera {(enhual preeipitation
about 3 in). Fospite anplieation ef srmuzal tetels of frea S to 10
¥ of ir7izatica wter &a this area extendiny sc2a 20 niles parallel
to prevailing tinds for the su==ap pontha studied, adl inflvance of
the frrigoted tields upen crop-lavel ¢aw pointa baesca iz=assurably
small onl7 102 £t to tha low of tha dounvind edzy of the entire
ares, And st 12 fb obova the ersp levol, dew points wars not

-
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meaturobly ineraassd even at points insidy the irrigated acresge,

fheee pasuresinte vire radz undsy sldday conditicna in July and

August whon ponthly totals of irrizction varied Polugen ab-ut 0.7
and 1.5 ft of pplied water, Those nepsurciiants show icprasaivoly
S the rzall effcet that artificial mazzeees have oo Atmodpherle *
- solstura ecatent. .

The eonslucion must be that defolintion, or even dermdation,
tias no censuraable effest on strostherie soisture and thrs weald have
no effect an precipitaticn,

Another point thot rofutes the mpo-tmspimtimimdp&tat:on .

theory is that water colecales are not notionless in the gtmosphere,
Suteliffe {1555) ectircted that tho averaga tirs detvzen m water
rolagule it ovoneratien into rnd Its proeiniteticn foen the stoosihere
to by cheat 10 Cops.  Time, froa caan wind gpacd eoncideraticns, the
avOorag) tater Eolooule most Arift cany himdreds of nfles bafere it
it pracipitated, . ‘o
Extensive defoliption woild be expacted to change tezgarature
patiersy throush a forcat profile sicnly bocsuse therd wenld ba
1s0s ohielding of dirost ralar rodisticn. In rdditicn, tha avempge
- wind sp3cd would by getter in e defolizted than in an undpfolisted
forast, Tasde tvwo footera would prodably not have o gre:t effect on
Righse plents and cri=cls, but might teapararily affect lowver lile
Zorus that are mere dapancant en spraific nicre-glinetic niches for
+ grouth end survival,

-



B:. Befost of Dafolirtion on Solls . .

One of the prinsipal fears about exposing £ofil in the troples
3s the possibility of Inervased lelerization, The ters latarite
gxnerally rafers to tn indumsted esereticnzry depodit, high in iron
or saluzimey oxide centent, swiich hse for=ad in ploce by the wosthoring

" of rocks. ‘True laterite hardens irpaversidly; 1t will not baccoe

soft upon watting, Laterite his baen feund to be best dawelo,-ed thed
the follewing eenditions exsiate

3. The clicate eust hiver Riph Tinfall end mitor::ir high
tenparatures,

2. The tigography ftust hive bosn fairly gentle, paneplain in
pature,

3. A well &rained sall eust khave bacon presant, This 4s umaslly
an alluvial soll, But asils high in Lron gontent may be an
exception,

T4, fThery must hovo been o eniforuly fluctuating vater tedble
whigh had g definfte hizh level during the nonsoeh and a
definite low level duming thy dry seasol,

§. Stable ;aoznstcal corditions wust hive extsted for & long
tize.

Only about 30 poarcont ef the soils of Vietnam have a potential
for laterizatior. {(Taranik and Coxding, 1967). iany of tha red solls
of Tietnan, which orw oftoen confusad with leterite, @77 out £nd becaze
hard, but softer. 2510 upen wetling, The solt dauchy laterite,
valch hardsng te & poci=litp =aterial upon aipesure to altermnte
wtting pnd drying is not found in signifieant eoounts in Vietnanm, |

Two kinds of Jaterits are found 4n Vietioam, Wergehole laterite
13 gomerally corsolicatad nd coxusy gs cagsive bads, coananly at
the bottea of = 1 to 30 £% 1a5ar of well drainsd soll., Ju Sode caZes
1% zay be a hare erust Tizht at tha suriace of the ground. It 4a
red to rowh in coler, tnd has & 8lagyy appaarance dus to Busarous
holes that ars ofton 11":011@-1@::11-- &nd thuu foellitzts the passage
of grm.nd vater, Kord-liole 1tto2its k12 boon called “grovnd water
leterita® by extlfep rasoamanars and *Tlen Hua Stens®™ by the loesl
pecle of Tietn a, Vorasusle lalarite cooud: thpenshout post of the
Reong Torrace teslien, in solls of both forantod and eultfizated areas.

S



“r

s ————

- w

Pellet Joterite is uneonsolidated and oscurs as mall pellet-
1tke coneretions in an iron- or aluzimi=-rich soil. The hard

- gonorsticas are usuelly surrounded by Iine grained saterial which 13

gonerally clayey whon moist, The coars2r particles in this rine
grained tsteral are corzonly.quardizs sand vhich 1s iron steined,
Pallet latorite occurs ea the itonerich bisalt platecu solls of the
Mekong Tesrace, the basalt plateau of Ban Ky Thuet, the extreze
vestern edce of the high plateau west of Pleiku, and in » emall -
ares aromd Quang Igel, Pellel laterite has been observed foraing
o the £atecorphle reeks nesr Bong Son tnd on sone of the Toeks nrar
Qui ¥hon, It 43 likely that worn-hols laterite and P2llet laterite
ecould occur in the hortheastemrn Coastlands, but this has not been
substantitted by field studies, :

Onder raturzl cenditions laterization is 4 Jonz tern process,
The procasa 1o epaeded wd vhon apil 18 exposed to direet solar
radigtion ¢nd wind, I do not find £ resasnable thet the defoliaticn
progrex in Vietnan would hssten the lateriz:tion process significantly
basausdy bupe soll £c32 net result frem defallstion, It i3 possible,

‘however, that laterizastien wiil bs specded wp srcund Bise and Spocial

forces Cazps vhers thy soil 13 naintained free of vegatation,

A deseripticn of the valor soide of Vietnan {including a map)
in vletien 0 thedr agrisultura)l uss v3s prepared by Foorman (1961).

Froaion as & echsecuence of defolisticn pmst also ve discussed
briefly, Tha cegret of erosion that will oceur d=pands on soll typs,
Sopograrhy, mrlative cegroe of vegetative cover, and rainfall
fntensity, In genetal erasion will be grestest sa 3tez2n alopaa of
bare soll, doercaslry as slope dycreases and vegatation becones maore
denze, Bt donde vogotation 13 not & gusrentes that erpsion will not
oteur, I havo reen for exsmple, a s01id 3 to & inch sheet of water

. flouinz devn o slcre under o Jange tropleal roin forest, It has not

bean poosidle to eritically erunine defollated Corest in meuntainous
faramin for cvldamer of seceloreted erosion, T have failed to detect
such evidrned during serial overflighta of defolisted areas. Gully
and theet erosicn hive been noted sround eanps whers there was
Hitle or ao vegatation,

J

The poadibilisy ef flooding or of chanzes in the vater table as
& reault of £:folicticn ora subleets that nead earsful consdideraticn,
The roplazenint of voody voostation with prans in the Southwastem -
T8, hos posndted 4n peratnis) flow of straans that vare only .
intorittant dafors mad 2130 in the floy of springs thai had baen
dry for riny yoars., fThere are coves in th: 11,5, la%e Sietes where
the rise of an alrzady high water table sfter lozgtng ereated a carshy condition

-
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shat was unouitable for dosiresble tizbhor speetes. I emtion these
points brcavae thoy bave ceourred elaciare snd could echesivably
oceur in ¥ietnan, Eut 1 do not know thz loan) situation wall
encigh to rake a reajomable sacozimunt of the prolability of their .

oscurring hore. .

Micro-¢rpaniens gre an essontial feature in the tofl eysten,
4 derdicldy thot Lilled the micro=-orsaniszs uwould have £ tovere
affeet on the soll ecolngy. that ers the posaibilitics of Orange
ard ¥hite dogtrozirg the rmiorebial popuintica in the z20ilY

!ﬁc eonatiiusnts of Oransy ofae 2,4-D (2,%-dichlomoshchexyacoetie
acid} and 2,&,7.2 (2.8 JS-trichloraphonosysestie aeid), Thy eonstituonts
of Whito ore ..,.,’s-n £24 plolorsn (4-pmino-3,65,8-trtchiororicolinte eedd),

Tdeere £2i3) 20 be no danvar that enz of tha thrcy edxsaieals will kild

eieTe=Cogding, ar.tmn:. m=berd of 531) nisre-enmndsnd capable

of inastiviting 2,4-D crparently insronse vhan, 2.34-9 10 prasent in the
soll, Thus, rapsat appliezticns of 2,%-B wary lees paraistent in soll
than tha 1ritial cpolieation {Shuats nn:l Ioniolgen, 1530). I do net
have sinilar Intorcaticn haro for 2 2.5-’1‘. but I rooacbar no publichad
Iteratury eusjoating that 163 efI3s en plorsworsanicny do eizrAficantly
differcr 10 &40, Flelorsn ¢4 not dasdtroy soil Sicro-frganisas,
bet nelilior voa thy sdersbial pasulstien enrdshsd £$5 & Posult of
ploloras £plicrtica, Thus, pielord cimaet by ecnzidarad e goed
mergy source for nisposorsinicy, T2 docemrositicn of plelores

was o iraddontsl gresoza in thy broaldowm of sel)l orranle atter,
requiring thy Lluss ol proraximatelr 10,000 te 1|:o 0.0 1ba or or;nn:le
matter par 19 6 bardielcs (Yaun;zon. ot al, 19 'll.

Orance end vhite chould havo no datricautal effect oo nicrodial
pepuleticn, 1a zofd,



é. Effect of Dofolistica en Plact prd fuimnl Pomlaticns

f =

Fot all plant snseled recet £i=ilarly to hathielides, The

aety @ferential sucsamiibllity £ be a fmaticy of tins of traatment,

| mture of the lesl topllce, warisble exrasity for abascgpsicn and

I transloseticn of tha hardicidd, bischizistry ef the plamt, or tha

patura of the hervisidy itcalf, T3, in o7 vestiative $37e, oe

te o would e=paet that cooe apdedes wondd b2 killnd eaclily: othors wdih
gropt d1ffisulty, Dhy cxnmoove otististics s2=23 to b3 i excspalen
to tha poneral rule In shes rast, 12 npet 8ll, of thay marsrove spacies

-1t are tusaofsiblo ta thy hosbieldas boiny vsad in Vietnon, For that

H mases, end bracuse the monsrove asicticticn rrosints & different
sat of ecolozicil ermizidarsilcns than doso the cecidscideous forest,
sach vill ba dizsunaad saparately, )

1, Fenoore Pomast

- Botanical eonsidomasicns = The cansrore associstion 18 relatively
adople ricristically, L2 poinsiral spreios ere listed delov,

Epooles Faxily Ioonl Fare

Avicomnia paring Verbdenacene Man Den
Avicamnia Inooivéia . Hen frang ’
LRS00 colycia oy Mo?onem Moo

. ERiTitova reesiieva . Vet Tach

T .. Brunulny Foasracsa » Yet Du
Gorieds divers » m -
e Tl as Pilnse {Huater paln}
Fhoonix spp. " (Bate paln}
e tieary esayimae Ccohiretacesn nes
FoTmoTotLR 8eiGy - Taaleacone an
FeIaicesy 1evsiiindren Kyrtseena - #ran
Execaiorin £ =ileca Buphorblocese  Nfa )
garaty 030702 Meliacene Su .

ranyeald iiarifslia Ratecoas - ibal

Other plant zpacled aro represented in the minsrove type, but
they are of lesser inpartsnce,

. Suscevtibility to hardleidos = The mangrove zpscies szea to be
alpost wilrerdly wuuafiltic to Oreazy and thite, tha herbleides used

. for thair conirol in Vieinzn, (ne epcteles in tha RSS2 v3s not defoliated,

but 1t ald not ecnatitate & higher poreanterse of cha ecmpobaition,

Undofoliatad troes wore not edlarved in An Iuyen Provines, An area

€ both $1de3 of tha €33 Do River, ek uis spraved 4n 1952, was

of particular intcrest, <%he troated arse was otill platnly visible,

»
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thus, one pust assuze that tde treos ware not liaaly datoliated, but
vere killed,

Suceessionnl sapccts - The wangrove tm in RUf occurs on aboud

2,B00°Kne LncadnieT, 3557). Acserding to HeXinley, Avicennis rarina

1s the plonesr spacies of ths cangrove typr, ¢olonlzing on the clay

sccretion sroas at tho zea face, At the Sth and 6th year Fhizothora

gonjugata, Brurwderd parvifiora, and Gerions divers will deo valop unere
ere has boen gafoiol ctaciiization of ths zoil, About the 29th

year Fhizorhora 2ad Brumulor m will deainete the site, Frea that point

on, [UTther cuceesslen Lipincs on the degres of silting snd the

econsequent dicracst of viter cireulation. As organic nmatter aceroulatea,

conditions ers eryated for the advent of other spreies of the ringrove
cozplex, Tha finel ato-: in the nanpgrose typs 18 the cajeput
{ilelaleuca lcucz:'-'adranl. feand on the highast, cost ‘stable zoll above
hign tide,

Seed production is crinmal and chundent to prolifie, with seeds
vivipatous or otharuion, or hgh s.r:ﬁ.nnbnitv end capable of resaine
ing vizbla for mag parfess (fnmenmymous, 1953a), Gomnination end
reoting are wsuaily r:‘_aid tnd sucersaful. In ©e3a lcanticas, vhen
the seeds ars able to =aitle 23 0 rasult of faverable water ¢onditiens,
patural rezsneration cay beccsa gusessofully eostadlished In less than
a year. The rovizant of the vater, hovavar, 7 not only boing in
sceds dut pey el carty 'then gy before thoer can telte root.

The noat perious mnirg) post 18 the coab, vhich cay entirely
prevent rezencretion by ctizeke on secdlinga (lionkes, 1957). In
Halaya 2 speeles of Acrastishen (g forn) may adndar the estiblisheent
of water-borne seedlinzi. Tae forn grows and spreads rapldly vhen
the tree cover s roncved, Herinley (1957) mmtions tvo {{heati, s
ereeping forn; Teo=, an eraet £arn) £s oteurrias in the ¢limnx mangrove,
bub does nct ¢: .nent on thelr posoible interferance with rege nerauon.

!coloqic ecnaidarations = According to the timetadle discussed
by !!e:unley. arsdt uJd Foara ere roguirad for the estsbiizshzant of &
doaimant Fhitorheri-Fru-ufews agsesistion, 7hat tinstable vas
established for 2 ¢itvcc.cn 1h vhich novly siltod areas vere
eolonized by Avicennia and than rapliced by Inizovham-Eresulers,
But 1t 13 not unTrafcabdls to guspast that the £:io titItable would
apply to arcas In which thy trees had baen killed by hardfaldss,
Dend trees do not hold soil es vell £3 do 1iving tress. fane woount
of soll rexoved veuld be ¢azardant on the rarddity of tidal
receaslon, uhich is unmoam to £y, Tho grealer egount of soll
resoved, thr praater will ta the tiny required for ragonaration of
& pangrove oiand sintlar to tho oriziral,

>



m 20 yr tinxtedle for rerensration of eongrove 1a supported by
serial chasrzzticns ¢f the 1962 trastzents alenz the Cng Duc River,
And pleace ressnber thit this interpratation 1p buoed only on an
sarinl survey fres adsut 2000 ft, PRejensraticn of mangrove wvas .
apparent 23 fing:rs extending into the treated srea, tut in no case :
did I cdacTve thode tinzars extending the entirs bresdth of the . -
treated arca. I esstue that cecdlings ond jJuveniles vaore present In

. & front dogond the troza that vore ditoermadle, twt I hove no proof. :

Stx yoars have fanzod sinco traateant end fwaes of tha colenizing
species are Dot yob Lizanrmabdle frep 2006 ft.en o1l thay freated ares,
Thus, CEranalaiing the faloroatien providea by Felinley, 20 years is
& conservetive estimito of tha tiz» naedod for tials forest o retcm
tn its origira) ecaditlen, . .

Little infor=tion 15 evallabdly rararsins the effoct or killing
mANZTOTO on antma) popiloticns, Im thst rosmed, 1 have conpiderad
the focd chaln emong cimnite erginisaa, uthm:;h it has not baen
poaciblo to obtozin 4rformaticn o thy Lany 1inks In the foxd ehaln,
@myterhasoud and earaivopsud fivh veald by et tha top of tha focd
ghain. Ditreption of loier Unis in the chain veld b2 roflected tn
roducad f£ith prrulaticns,

Infarmation en fish poyulatisnd 18 based on f1sh eateh statisties
providad by 112 Pisheries Branch of USAID.  Shw tetal esteh, in
mtria tony, for thy fast tm-?a yoara is given beloy, .

Tear Fresh vater Marine  Cuttlofizh, volluses, Total
. ghri=p, eralo, ete.

1962 L000 289,€30 29,000 375,000
196 ‘o'no 237.';50 23.3“0 3’809500
1967 54,300 324,700 3,700 379,700

- In gensral thare has been & oteadlly increasing fiszh cateh,
The drop for froch viter fich In 1657 vas ot firat s esuze for
eoncgrm, Eat I, T 23, Aastotent Chief of Inlzud Picharles, ' =2
explainad thit thay mdzeticn vas dus Lo on cbsenes of flosding in
the Exieny Lalta 40 3937, wncn flecding ¢o3s esexr, fish are
trappad 4n rica padiies and fishoerzan have no trouble eatching thea.

The fith cateh giatisties pivo & stremy Inleaticn that the C e
agquatie food ¢hain ha3 nab baasn saricusly diotu..-bea. - .

Birds dspending en the Bansrove for masting, food, and ecver ot
hava,of scuras,bean nffoet2d, Tazy eannot survive when thas envirsn-
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mont has bean alterod so drastically,. Bzt there s still core
untreatod thon trooted rangrove,. Unlens the mangrove tYps was
slready £otsemted with a bird pomilation, scoa of the birds woddd
move to uatroated arcas, It 4s icporient to romentary, howaver, . .
that moat bind apseica observe o cirict territoriality. Individuals
or foully units will £act and seereh for foed cnly within a apzeifie
aree, An insruder wvill elthsr ba driven off or will supplent the
prezent ocouranta; they will not both ceerpz tho taze ares, Thua,
it 18 roacorsble to nasms that thoro haa boon soze rodustion in 4
Bird pozvlatisns, I oeuapact that, proporticnately, tha bind
population radustion has teon lodz than the crea treated with
herbdicide, ) _

Effectr on other forms of enimal life are wnlmawn, but surely
the poplntion ef invertebrates #n particwlar h2s been redused.
With Labitat dostror-sd, thera could be no other ecrelusion, It 1a
extresoly wililiely, houovar, that ang invertebrate speoles hos hoch
decitated to the point of extinction. f%hers are still rany pangrave
arsas in vhich the trece have not bean killed,

= She eppliratica of hordlolde 4n otrify or in a checkerboard
pattemn, rathar than lapseenrea trontnont, vould be & trezondous
e¢olosle edvontags. Tho treos renaining in untrested zrass would
provids o soad souren for reforostaticn 85 well ms hablitat ror
anirais and loser plant Torns,

2.’ Seu:-'xcid-.-.ous Forest

HVN has & totzl arcs of 172,5¢0 knZ, of vhiech about 30 percent

18 forented (H:Xinley, 1957}, 'The types of forest and their ares of

coverags vare stated by HeKinley to ba:

Open forast coa-ltanntoooo.Ds‘o.1§°knz

Floodcd forost
Han;me...........-.--zoeoo
Othe» Bqﬂ:t!# Plants . . ¢ 4 4 52 0 & o 2.000

- Condferous foraat
3=leaved PING . . 4 0 v o 0 v w0 s 900

2=1eaved PAN? o 4 o ¢ 0 4 o & 550
L I - 0 mz

fhrouch 1967, 10,107 kn® had basn trested with dsfolient
(Moren, 1563}, That figurs doas net repreisnt tha actusl area T s
beesuse oc32 sitns have been traated tus ani thrae tices, principally
in War Zen2s § and D.  Retreatomt areas reprosent about 10 percent
ef the tplal, so tha actuxl troated arda 4s, in round nembars,

LI

9,100 ku%, which represants about 16,2 percent of <he total forested

ares in E7L .
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The mangrove arca treated in the RSSZ 10 460 kn? (Moren, 1963)2
Other treated rangrove in IV Corps probadly represents about 500 kn¢,
Thos, apgmarately 960 k»“ of wangrove have been treated, leaving
© B,140 k€ for the treated area in the nezldseiducvs forests of KVN,
That represents 16,2 percent of what H:Xinley designates as “open
forest” and I deaignate «3 senldeciducus forest,

I have concentratoed my efforts on War Zones € and D because
large blocks hava been trented and nuzerous areas vithin those
blocks have received multiple trentcents, Thua, the ecologic effect
would be greater than in arens not trsnted 80 intansively., The ares
of traatnsnt in war Zons C was 920 kat at the end of 1957: in War
Zone D 1,920 ka? {Horan, 1968). Another large trcated area is the
D, But the 1av of "precervetion of the zpeoies” took precedence
over scientific curlosity and precludad s visit by me,

Botendenl copsfdorctions = In keaping with my eccncentration on
War Zonas C and D, I will not ettempt to chorscterize the forest
vegetation of ell RVX. There are different feress. typas, tut, except
for ths pine foroat, tho differonzas tra onea of desree rather than
sudstenae, &7 diseussien of the foraits im ITI Corpd can be extrap-
olated to other senidseiduous forasts of RVH, but net to the pine
forests, or to the emall araa of rain forest that probably exists
({based on 1litaraturd roviews tnd weather records} in 4 emall eres
of MW FVE along the Lactian border.

The forasts of War cheic are, for the post part, whit has

- besr aeseribod as secondzry forests vith an adnixture of banboo, ead
sen.deciduous forast of Lararsipesnis end leguces {General Porest
Msp of RV, Phen Thuong Tuu, /651, 1The forests of war Zone D are
Moist Forest over most of the srqa, &nd semldecidacus forest of
Jagerstroonis end leguses over the remginder (1bid. sdovel,

Thero sre obvicus differences e=ong the three fopest types to
& traincd botanist ¢r ecologiet, PBut the differences are taxoncnie
for the most part, FPhyslognonieally, they are pizilar. In temms of
ecologle considarationa therafore, they will be discuased on the
basis of siuiler suceessioral patterns and siniler tine aesle in vhich
the succeasicm.l Fatterns will occur,

The thres forasta ares ainllarly characterized by having mezbers
of the fanlly Dlpterocarjacens as dosinant trees in the upper cenopy.
But this do:s not m2in, necessarily, that Dipteroiarps are mmarisslly
superier, Othar fanilies that are vell represented inelude the
Lagaalnosae, Haligceae, Lythracans, Guttiferae, snd Sterculisceae
(peraonal obaarvations Tung, 1667; F:=Xinley, 1957: villians, 1955).
Botanical ecoposition, texoncnically and masrieally, will very frea

- - -
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ond location to anothar, ' .

The difficulty of & botanic description of tha forest muy be
sppreeinted with the knouledse thit abeut 1500 woody epzedes opcur .
in RV (fcXinley, 1957). Horeover, I ssw thy forests at e tine :
when fdantifiestion was post diffiecult, I:ny spacies are norpally
deciduous £ this ti=s of the year; ceny thet are normilly evergreen
bave beea dafolseted by herbicldes, .

1 et mention at thiz point, there eculd nct hove been a worse ¢
tine to eszezs the acologic fomact of the dafollaticn progrem on the
sexldaciduoas foreziz of Rvii. Iopretsicas are vogt confusing, The
eazbinztion of natural dafolistion, dafelfetion by herbicldss, and
defolisticn by tits r=ny, eany firas (eivilizn and nilitary caused)
in ¥ar Zeass € rnd D leave re vith the holplaas feeling that pany
factors hove coyaad thy proscnt cenditien of the foryuts, bet the
relative imcortenco of cach foetor eannot be proparly cosessed,

Oiven enous) tip2 end accessidility to the forests for intensive
study, thy proscnt ecnfusien eould ba reaslvad, Eut to even sttonpt

2 careful daliroaticn of the ecusative fasterd within a l-2enth Foriod
would b3 prasunnttovs, An eoolosio nszostmignt during tho middle or
latter part of th2 rainy scason vould not have to contend with the
econfoundi~z influsneces of natural defolintien and firg.

Suguiptibility to hordieidss - Tha roletive susceptibility of
speeiTic §,28lcs in the scaluociceens forasts of Vietnas 18 sot
known, In sddition, thd average cuseeftibvilty of the vegotative
type iv voimoun, Tho bost estirate I can oitsin 48 2n extrapolstion
of daty Crvolopad in Thadlend by Larrow, ot £l (1656) &nd in Puerto
Riso by Tashirley, ot &1 {13968},

Tarrowts tests In Thallend wore oondseted in & scol-nvergreen
sonfioon forast havinz an annval preaipitatien of sbout 40 inchea.

Twe hundrod twvent? plant graeica ward 1daatified fron tuo teat sites
totalling 3,400 aerss, so zpaeies diversity wvas high, Darrow foand

thit 2 or zore gallona of Farplo czuced effective dofelistion (more

thun 60 to 65 porcant) of tha forast ecopls for ¢ parled of 6 to -l
8 or 9 meatha, Percentages of kill vars mot giwven, but they would

hiive bazn canaldorably lower than for <afollatiem.

Tschirley, et 2l vworied in a semt-oversreen forest in Pusrto
Rleo having en enmes} praednitetion of cdout 85 fnshal, Species
diveraity vas hiph; 105 voody sprcles vers “egord) on 2.4 scras
in on area cdfie-nt to the corial tost plets, Tschirley, et all also
wor'tod in o troplical roin forast in Tuorio Tico havinz an amnusl
precipitaticn of abous 120 inchoa, Abeut §8 woody sposies wore
record:d for tha rain forost sito. Defolistion in the semi-svergresn

. ,
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forest treated with 3 gallona of purple was 61 peresnt 6 months post
treatnent, In the rain forast, cn equivalent rate of oranze provided
66 percant defoliation & monthus post trestmant end 59 pereent 1 year
post treateent, . ' :

Thus, the defoliation obteined in taxoncatcally dlstinst forests
in opposite rartt of the world vos simller., It g3 jJustificble, then,
.to expaet that sverage defoliziton in the semidesiduous forests of
Tietnaa vould be about the £aze. Actually, I would espeet defollieticn
$n Vietn=n t5 ba pocrvhat louver beceusy applications are mide (T2 8
greater height than wvas tha case for the experirental work in
Thatland and Puerto Rico, .

Rultiple trontuants wore not made in Thatlend or Puerio Rito
80 the effects of 2 snd 3 treateants in Var Zones € snd D can only
be dnforrad instezd of baing extvanolated fror sotual redearch data,
But the infersnco it age2sdary baesuse the ecolosle laplet beectes
progradsively groater with esch sucecding trestnent,

A tingle traasoant with 3 mllonn of oranze or vhite vould nod
bs expactod to hiva & groat or lzsting offect on o ooaddsel duowd
forest in Vietnsn, Soma trees would b killed ond the earspy would
be lezs danza, Bul within sevesral yeara the eanopziduld azain ba
¢losed snd evon A sareful observer would be hard prasded to circid-
seribe an area that hod bacn treated, Dut s so)ond appilcation,
ecpoially if rade within 3 or § zonths cfter the firat, would have
& vholly differont eflect, .

Research on ¢ 2-stories cev-youpon forest in Tooas shoued that
the top caneny intorecpted aboot T2 pareent of the apay droplets
and the vndaratory intercapted en edditicn:l 22 perewt., Only 6
pereent of the driplots radched the grovnd {7sexirley, ot al, 1998),
THud, on3 weold expset that th2 princiral effeect frea en initial
treatnent would b: ca treass of the top canory. As the dsasity of
the top ennopy 1a raducsd, sicend and third troatuants will X111
more tross In the to) ccnopry gnd have a far grestelr effcet on the
andaratory, rogenarating wozatsiion,

The thooretical rzoponsa to nultiple herbleolds epplicatiens
develoyzd in tha provices parzzroth was supported by observatiena
on ths ground, &2 are visit:d et Talen izsn vas 3prayed with
ora=: on 19 Pee 53, the eren &t Kotud tas troased with thite on
9 Dov 66 and with orcezo on 28 €et 67. Tuo areas wera wiaited ot
TonZ la Chod; ona trozted vith eranze on 23 Sapt 67 and tha other
with thitd 7 Yor 65, Thors wzre mere dasd tresa end & highar
defsliation parconttse ot datw than et ony othor alte, Granting the
inzdaquacy of thr cample at each location, the diffarance batuaen
Eatun ond the othar alted vas chvicus,

[
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Suscessionz] asprets « I can think of no better introduction
to thiz s2cilon of =7 report than a quotation fraa a recognized
suthority on trapfeal forests (hicharda, 1954), “The proceas of
nstural regoneration in tropical forects 1s no Joudbt exceodingly
eonplex, and, thouzh its praectical loportanee to the foraster 1
obyious, curprisinzly iittle 1a Xnowm about it, Hueh of vhat hes
been written about the sowcalled itnztural regsaneration?! of rain
forest refera te the reproduction of a few econonle epseies under
eonditions rendered mora or less umnatural by the exploltation of
tinber, Before regencraticn under these artificlal conditions
¢an be undaratood or cantrolled seientifically we nasd to know
vhat haprens under wndisturbed conditions, end inforzation sbout
this 1s extromely sesnty®, ’

L3

I rust enphasire the last sentence of Mchai-ds. ata on
regenaration of tropical forests 18 indaed sconty -- znd particolarly
acknty for Vietnio. .

There scond to be general sgrocdent that the ususl suocesaional
series in o terrostrial trojfcal forest is Srass--ed shrubessed
seeondary forestes=-3urizary forost (Rlehard, 1968; villiens, 1965;
Anonymous, 1958 b}, But sueh & gensral statezont is hardly ecaferting.
It is born of deapersiicn, matures throuzh repatition, and dies only
in scae distent genamation. The sazs succedficnal series could be
applied equally well to ‘daciduous forasts in tenperate zones,

The theory 13 not really all that bad, If thers vere only
@ temporal deteraination that could be applicd, the goneral statetient
¢ould de oede nmore spevifiec. . '

Fecsuse of the gbasnce of data sbout format pegeneration in
Vietnan, perhapi an exanple in g differart s:tuatisn weuld be
instructive. The {sland of Krakatau represerts a clussie example of
ecologle suzecsuion, According to Richards, Xrakatau 1s one of a

-group of szall volcinie islands situated belween Java and Sumatra,

Early in 1883 it w3s about 9 Jm 1long and § kar broad, rising to a
peak 2728 £t {622 ») adove rea level, At this date the vhole 13land
was coversd with lumurient vegstetion, Aboul the mature end

. Gozpesition of this vegatation foxt to nothing is kneun, but there

18 every rcason for guppoding that 1t was meutly tropieal rain

forest similer to that now existing in the neighboring parts ‘of
Sumatra, In Ky 1893 tha volerne vhich had jeng been rezarded as
extinct, beacama acliive and the ectivity gradially Incrsaszed ti1l 4t
reached & clizax ¢n 28 and 27 Auguat, OB thuse two days vceurred the

. ftamous eruption, the sound of which was hoard as fap gvay as Ceylon

snd Austrzlia, More than half the island zark beneath the sea, the

-
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peak betng zplit in tuo, though 1ts highest point atill remained. fhe

. surviving parts of Krakatau were covered with pice stone end ash to

an average depth of adout 30 n and s new parpinsl balt 4.6 k=° in area
was addad to the scuthern copst, During the pariod of veleanie
activity the bulk o the vegstation was certainly destroyed, The

. Annuz) precipitition on Krokatau 13 over 100 inchea -=- donstiderably

more than the 50 inch average for Var Zones C and b, ~For s while
the island pezained without any vegetstion, The only living thing a2
visitor saw in Fay, 1884 was sae spider. In 1886 there wvas slready
.8 ¢onaldarable arsunt of wvegetation on the island snd the succeeding
seral stegas have developrd guite rapidly, ' A diagram of the
sicceasion i3 given on the nexi pge. )

e developrent of vegetatlion on Krakstsu has not yet reached
& stedle eliraz stase. but the gensral course of future chenges can
be predicted with co:r confidence, st least for the middle and upper
Teglons of ths islend, In the forDer it moy de axpected that the
Facaransi~rieys waadlend will develop by a seriex of chanpes into
stable elif=X Tainm forast to £ooe extend siniler to the mixed primary

7ain ferast of the nefghboring Parts of Suzatra and Jave, Fow long
this dovelorsont vill tolte 18 difficult to guess, but the study of

secondary suserssions sugsast that 4t will be tmch longer than froa
the great eruptiun to the prosent day (Richards, 1964),"

The exeopir of Krakatau connot, of course, be directly 2pplied
to the penideniduovs forests of Vietnan, Bubt Krakatau iz an execilent
exanple of the relative timd that 1s nesded for the development of @
mature freapt whmen 1t mact start froa nothing,

Thare ¢re a lew published recordns of tres sages £n 4ropical
forests that give en indication ¢ the tice required for regcneration
of & cature forsst, Broin {1919) thoizd that sr eversge individual
of Parasherza ralzrnonin in the Fhiliipine Diptercearp forast reathes
& dcSoter of B0 < in 197 yoara, Yateon (1937} established the
averag? raxiswa st of Siorza ledreznls in Falaya et 250 year:, Boeth
&re prizary ferest spacicd, 7a2 Iaskegroving trezs cheracteristic of
Foun? seoccndary foreat hive s shorter l1ife than do prizary foraat
speeies {Richarcs, 1954),

Tire prinsipal ecologic dinzer imposeu by repeated tréatzents

* with harbiziér 13 thot szplingy end poles presert in the lover atery,

and thon zocdlings, pay b2 kilied, If thet happens 4n largs sross,
matural resasding w111 by a problea. Diptercearp geeds ere vind-
digaexdnotod ond tims would ba expasted among the first itrae opacten
to repopulste an srca, S2eds of other spocles, gepandant on dissens
inatlon by £2all rawcals end rodents and by Sirds, would pradbably

not -Fpread es rapidly.  Sceds of scae spocies weuld undoubtedly remsin

- . - .
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wiable in the so0il * ° weuid gerninite sfter the lJast in o series of

multiple treateants, .any spedles in tho fanily Lancinos2e have thet
eepability. Less 18 knoun sbout seed ehardeterietics in other fuirlber,
T heve found no Inforzatien otent the lenZivity of seeds in tropical

. soils, Turrill {1957) rcparted it hos beon proved ot RothiTstesd

that peeds of arzble veeds rezainzd vicble in sofl under pasturd
sfter 300 years in cne arca and 30 :5 50 yoars in others,

frittle 12 known of the tize seale of ecoondary sueccasions in
the troples. Chevalier {1508} ctet2as that tha forost on tho site of
the anclent toun of Ancior Vat in Cinbedir, dostrozed pirobably scas
five or aix canturico ego, now rececbhles the virgin trepiosl forest
of thz district, but stil)l shows eertain differcnees., In genernl it
seeus olear that tie lensse the rrriecd batvasn the destruecticn of
the pricary forest end the enset of the sroendary fuecaialon end the
groater the pedificzticn of the colil end the environzant in goeneral
during thio paried, the lenTor the tizs pejded for the Th-oltedlichzent
of the clinax [Richards, 1564%)7, -

The parasrach quoted dn2a not »pply to the foroasts being
dafolictod in Vietnao brezewe thy Viotnaase forasts wvore not prinarg,
but sosondary at tha tizs of treatzant, The tizoy required for the
:ltabnsh?.ent of B tccondary forast is cach leas han for o prinary

omeat. . -

1
The greatest dayzer rosulting frea reprated -lofoliaticn
treatments in Vietnait 18 that such argas will by invadad by bomboo,
The prasance of bzzboo 13 tha post eonitant faztu~s of the foreste 1
have cean, Spacied of larzz boodoo (tha gost « 2 daing Danliveeslorms

strietus and E-cbula erencinaces secording to 8 lseal VI ferctter) ore

particularly afparen: 1R Cisa3 waere the "rag" (olzsh end bum) eystea
of agriculture has h:ien practiced, HBut banboo is not linited to

areng that vore provioualy elearad of trong, A 5:allestxmed benboo
is present a8 an undorstery {n cany forpsted areas end can be seen
frequantly where traes have baen defolinted, In idditicn, the small)
Besboo {Sthizostoeh—n sollintari}, 10 to 15 ft hizh, ¥as presant in
the foreat ot all of tha €203 visited, The preasnce of bezhoo In
Asian forests 1s vw2ll docuzanted [RBlehards, 198%; Ui1lizoa, 1955

and 1567; Ahzst, 1957: Amonyoous, 1958 e; Anonyzous, 1961),

Be=boo in RV eannot ta eonziderad gallery vazztstion, as it
is in Puarto Rice, licauss £t oscurs ecrzonly thriushout the forist,
But perial obzavyatlimg suzest that 1t firat inyi:ds3 noy alags
alenz routes of nmora favor.dle moisturs supply. Froa there it can
spread throughout the fopeat,

* . -
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¥hile mXing ground observations at the B camps, we atteapted
to evaluate the realative Cendty of seedling tnd sapling tree specles
in banboo-inlasted and biibao~free sites. Although I bave no
quantitative data, jir, P1amn and I agreed that secdlings were rare
in dense bazbos, but fraTusnd-to nunarcex  vhers there vas no
bazboos, Protably of pore inportance is the fact that aplings
Were extrexcly rere in éznse badboo,

The length of tice that brz=boo right retard the unal sueeessiconal
progression s unimoim, dut I &2 eortain 1t would cause a retardution,

he atatenami of Arm=ad {1957} vaieh follews §8 prodabiy an exaggeration,

but nonetheless cavsy Lo condemn, TA derboo will be the first zember
to colonize an & how sits iz & seed year and will be the last %o

leave it, Cnew establiaded on & soi) 4% 43 diffieult to eradicate
i,

The 1ife history of diffarent bazboo speoles varies, btut usually
culns die efter flovoring., The ger=inatlen t¢ flowerins c¢7cle may be
fron 30 to S0 years {Ricxamds, 1534; FeClure,” 1968}, Plovering 1s
gregarions {vholo populziiony flevaring inecny year) in scxy specics
and gporadic iu cthors. Hast bsntoo spxetes hsve verr efficient
vegetative reproduction ficn buls on ¢recping ritizozae,

Seadling nortality of tree ppyoies 18 raturally hich in tropleanl
forasts. A study of Puiardy glstess, ¢ faln found in the Azericen
tropics, shoved that th Sortality of sesdlings was 99 percent, of
established sexdlinss 12 percent, and of thiubhs 64 percent. Thuas,
only 1.6 parsaat of the secdlings surrived o the tres stage {J.

F. MeQormick §3 Odun, 1535). Another study (R, P, Snith in Odum,
1965) showsd tae average half life of 1l seedlings in test plots
to ba 6 months, .

If 4t wery not for the predadle invesion by bazboo of severely
defoliated aro1s in thy fopests of Vietzan, I am rasanadly certain
that the suscassiona) progerasien to & secondary forsst of trees
would procsed without undus returdaticn, - A reason for fesiing s0 13
based on cata froa pleta In Fusrto Rics that ware treated with 3.9,
and 27 1b/acre rates of plelorsn, bropaell, dieands, diurcn, femae,
and pronetone spplied to the sell, The plots were exasined 2 years
after troatoent for sesdiing presence. Many of the sseondary forest
species End saveral pricary forcst epreies vere present as seedlings,
In addition, tiere vas na apparent differentis)l effect of the §
herblcides, (Tachirley, unmubilshed cata},

In conolusion, the time scale far susceasion in a semtdeciduous

-
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forest in FVT 1s unknoim. Sinsle treatcents with defoliants ahould
. not cause movere succeasional problezy, bub sultiple trestesnts
probabdly will baeouzd of site donimunle by tanboo. Por whet it 1a
worth in estizating the 52scerdional tire reale, the averare arwmal
digoeter incrosont of Prreshozaa palsineaan, (o Fhlllipine Dipterosarp)
groving in the open a3 0,42, 0,55, tnd G,93 €2, Tesprotively, for -
. - dtameter classes of 0 - 5, § ~ 10, and 10 « 15 ea,

" Reolosic censidaraticns - Th2 ecolozle considarations as they
SPPly to plent populsticny vore discusdad in the proviovs sectien
of this report, The efieet of dofolistion on anizsl poFulations is
truly uvn'moim. Houwaver, the dasroe of effeet on enitals would
parallel that for plent papulctions «= the groater tho numbar of
herbicidal trzatcents, the greater the hara to ant=al populaticns,

Hen stoticn:d ot Spocle) Peress Cormps have told may of seeing
deer {2 reporis), virls (Tany vaporta), tisse (1 elphting, sevaral
sound identificatiens), elerhant {2 meportsl, soney (nuzspous
reports}. cold plosdad wartebratos {acs>voua roporsa). Vs saw a
tiger track in the resd ot Kaduz, Thery war? no raperts of
bovined, It is suraly pedsidble thit such Tare bdovinad &3 the
keuprey, gaur, snd brnteng have boen elininited frez the dsfoliated
dreas in Uar Zony € and D, But I suspast that dending, ertillery,
five, human presence, and htting have hod a far gresater effect
than dsafoliatlion, 1

-



D, Toxleity of Harbieldss -

. A discussion of eeolorie effects wocld herdly be ecuaplete

without penticning the relative tozcity cf the herdicides being

ased for defoliation &nd erop-destrudtica, All ths herbieides
used here ar: only mederately taxic to dloodsd mnioals,

¥eone deserves a lensthy discussien ezodpt for egant Bluz, which
contains arsenie, Inoriinic araanicily tmeh ms ardende tricsida,
sodius arsenite, lead srasmite, caleln crmwate, cnd Paris Green
are extrenrly tozie, Oroonic srpondesis, meh oo Biv:, have & low
marcalisn tesieity, Tvo zaries of orJamdz erssnicals ere uged

as herdleidns, The araonin acld cordes ix fortnxd b7 & single
organi¢e group ¢:mobinsd direstly to nroenie; the crocaie zeid

- serdea has tyn argenic groups. By voryins tie orsinie group in

either serica, & vide ranze of iytolosicities oin b2 obiained in
producta with a relatively lovy level of ——malien texieity. The
chart ca the next page glved the Lk, (r2/=g of bol7 v21Ht needed
to k111 50 pareent of rat test eninils) for tha harbleidas used in
RVB and Lo~ peveral other chenleal cespoinds,

- -



wso for some so=on pestioides compared with aspizrin, Values for each chuifui

sre milligrons per kilogrom body woipnt,
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B. Conclusions L : .

If oy asaigneant here had been #irply to dctermine if the
defoliation procron had an ecolozie effect, the snwwer would have
been & sinple “yea®, and s trip to the eomutry would not have baen
becsssary.” But to 23sess the cognitude of the scologle effect is
an ontirely differsnt matter.

One mist realize that biolozic popalaticns, even thods renote
froa nan, £re ¢yrnaxle. Ssasons) changed, violent wzather events, fire,
birth, msturation, censsconce, &nd death cauae & ceatinuing ecologtle
flux, Nor=ally, the ecologic flux eperates within marrow 1linits in
& 9limax goomunity, It is onlr catastrophic events that cauvg an
extrens ecologic shift end reducs the ccc=tni.¥y to & lover sera)

.‘.sec

That defolinticn has enused an ecolezic chunge ie undaniable,
I do not reei_l. the chanse f3 irreversidle, bul rocovery may teke o

long tine,

" The panzrovo typa is killed with a single trostmant, Ragoneration
of the nangrove foroat to its orizinal sondition 1o eaticated to
requires about £0 years,

A sinzle trastment om senidzeiduous forsat vould causa an
ineonssguantial ecolegie change. Ropoatsd tpcatmonts til} vesult
in dendnation ¢f cany sites by bioboo. FPressnee of dance bamboo
will than retead regonerciion of the forsst., The timo c3ale for
regenaraticn of sozildesidusud forzat is vn'moim, Avzfiladle
Informaticn 1s ap zeanty that a predictien would hava no valididy
and eertainly ro rezl peenfiog. The tius required for reganeratien
te its origing) cendition would certainly be longsr than was
astimsted for cangrove, .

The effect of dafoliztion on aninals deas not apraar to have
been extrons, But I hasten to 44 thot T knoy far lesd ebout
anizsls than sboul plants. The fish .catehr has baen inerassing ad
about the eime rate a8 numhar of fisherman, whieh eurprised and
pleased po,  Aetwal data vars not ovailadle for pomulation tronds
of othar forny of anizal 1ife, larze Baz—als have bsen Seen
recently in Var Zones ¢ and D, the aroes of greatest dafoliation
astivity, Includad were $igsy, monkey, eloriant,snd dae:,
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RECOMITNDATIONS

" A. That revized peolest appraval proseduyes contained in para~

graph IIT B bs approved.

* B. That propored projett reaues’, checklists st peragraph IIX G

- e spprovad and included wiih all futwrs projest fules,

€. Thal excepilone to revisrd procedures noted in paragraph
IIT D be approved.

‘D, Trat pork.projret avaluation c¢haskiirte outlined in pera-
graph III E be approved and used during raviews of herbicide oparat.iom.

E. That the above changes in, and a.dd:ltioas,to current procedms
be ‘inaluded in rovized dires .‘.iv.z.

F. That “ne 203 Crzaistes bs expanded to include a representative

from JUSPAD,
stg RY OF INDINGS

Ao fitrereihr apd Wealnaeren of Quresnt Poesdures, The current
syetem {2 approval of projectr {raragrath IiT i) has assured that
the milittary acpeity of defoliation and orop dastirustion are given
full coralderatiz, Additiorally, the currsn systen requires that
recopmarded projets be devoluped ab Provinza Zevel 2nd pmay not be
aApproved or axasuied over the obizotions of loal GV offieials.

This has asaursd “hat the intessasts of Froving: officlals &re glven
pararcust cangideallan, On ths other hand, crrrent approval proce=
dures +end to be hiik wrdaldy and 4ize sonsw=irg, In soms areas,
thare L2 exzarzivm 'a:mdi. srion vhils In olhyy cares there is a lack
of aulfizien® cor.vel, In fome instantes, fmsdequats attention is
glven +3 hyxbi ida reqnb:'a dusing the p'ofe':t. forzulation at s2stor
level. Poywar end slvil affairs annaxes ofsen tpprar to be developed
on A pro forra wids, Indi:atisar ave Shat pastiszipation by local
CORES prrsennel i dlinmdted, Fuzally, on:s ths hovbieids project

has been agarovad aud axsuted, poat-projset avaliation has bsen
1i=sed ¢5 an assnzizant of 4he pursly militasy benafits gained from
the opiratisg, Ineaflfisien atteasion hag bien given to tho oconeale
ani POJJ. d/p"y’ﬂ’.;:gical JP&J«- s

v - ——
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B. BRevlssd U.5, Procederea. To strengthen the current syztex for
spproving harbicide ragussts, ths procedurss outlined in parzgraph
111 B, belew, ware duveloped. These procedures reinstituts periodic
pootingsof the 203 Cenuitlee in order to redute preject coondination
and roview tize at the Saigen level. This committee should be ex-
panded to include a rezber froa JU3%A0. Ths 203 Cosuittee, cosprised
of ropresentatives fren FACY {MACCOCT, MACCORDS, MACPD), USAID, JUSPAD
and AMEMB, porforms & coordination and review function in the pooces-

of requests for herbigide cporations. This cxmittes, chaired
by the MACV Staff Clemical Officer, alsoe conduclts reviews ol peate
picject evalusiions (see paregraph II B, belew). In no instance will
thia cocmities funciion in a progran =anagsnent capacity. Additional=
1y, the reviced procedures 1lixzil project executlon poriods to six
months with requosts for exteasions hayond that Lins subjecl to review

bty the 203 Comitter, Revisad procedures which aru inlended 19 reduce .

project processing tirs below Saligon level are ineduded, Finally, the
reviesd procecures roquire thal the econoxic and politieal/perciologi=
cal aspacts b4 given additicnal esphasis during projeet formulasion.

C. Checklists, Checklists noted in parsgraph III C, below, wore
dovised to sosure that all nocesciry factors are considarsd during
formulation of a herbicide spray requast and that suffieient informa-
ticn i3 available to the 203 Comzittes on whlch to bass recerzendations
to the Azbaszador and CONUSMACY, "It is intonded that these checkliets
be filled out in dotall and accompany the projsct rile, T

B. ceptions to Revised Proiedures. To parrdt 2 more timely
Teponss to hsrticids .pray cpsrations reguirensnts of the local tace
tical cozmander, -ertnin excepiions can be made to the revised proce-
dures without any subiteniizl losa of conirel at the Safpon level,

" Madified procedures i approval ef certain types o erop destruztion

and hsllcopter defolintion tarzets are sugiested in paragraph 1II D,
balow.

E, Post-Prolect Evaluation. The pastproject evaluatica of her-
bleide oparstions is in insirument of program managezent and reriew
dasigned (1) to help cnsure that herbieide operaticns are carried out
in accordance with MAUV Directive 525-1 and State/Defease policy guide-
lines, and (2) to help assass therasilts of thess oporations in terms
of thelr military, scononis end poiytiecal/psychologicsl impact, The
evaluations of individual herbieids projects will be used by the MACY
slements charzad with responsibility for ranaging herbicide oparations
43 & tool of estmand, idninistrative and quality emmtrol, Thess same
eveluatlons can ks used also as a source of relevart irnforsation by
thosa US Mission compenant erganizations responsible for assisting in
the overall pregran review of herbicids opcratiens. Arsas to b2 con=
;:.)d;:ad 1n post-project evalualion ars contained in peragraph II1 E,




ANA SOT P ¥ PLASYTIC AND PROCEDURES

A. Current Procedures, The use of herbicides for defoliation
ard crop destruction is a Republic of Vietnanm program which is sup-
ported by the United States. The RVRAT responsibilities are exercised
through a ecornittee composed of representatives frcu the Joint General
Siaff J3 Section, JL Section, WHAF, J2 Section, J5 Section and RVDAF/
COEC, the organization which hss operaticnal responsibility for supply
of herbicide. This cozzitiee, called the 202 Cozmittes, is rot a
standing coxmitiee &nd only ceets when considering requesis or writing
directives for herbicide oporations, In aidftion, ezch Corps has a
sinilar coonitiee responsidble for revissing herbleide requests &t that
levol.

The US Defense and State Depart.mt establish policy for US
‘support of the herbicide program, State/Defense have delegated the
approval authority for conducting hc xigide operations to the Aobas-
sador and COTISMLTY jointly, To exerczise control over ths prograa,
the Chemical Cgparations Divieion, Cez:at Operations Center, FACY has
been aszipgned tha sugervisory respoas.bﬁit.y to acconplish the neces-
sary cocrdination, .

A commititee, desisna...ed a3 the 22 Ccmittee, has been established
to revies a2l requests. This ceomittee ir composed of representatives
of tha J3, Puyops Di:-ectcrate, CORDS, J2, USAID and Embasgy.

A1l herbicida vequests under curreat direstives are required to
be subnitted through territorial com—=nd channels, therafore all GVN
requests cus’: originate 2t district o= prevines level. After forcu~
Jation of th: herbicids plan, whieh ==s% include a2 a zminipum the
area requested to be treated with herbicide, psyops, eivil affairs
and intelligonce annexes, along with a ststement Ly the Province Chief
that he will indemnify jJust and lesal clairs for any accidental dem-
age to frlendly crops, the request is suxuitted to ARVN Corps head-
quarters throush the AZVI division. Since ARVN Corps Corzandars and
Corps Senior Advisors have suthority IS A7provi ground_besed SPTeY
Uﬁliabicn, ofily reguests for acrial spray and all crop destruction
requests dre forwarded to the Joint Genaral Staff, The requast is
reviewzd by the J05 202 Camnittee an? approvad by the Chief of the .
Joint Gensral Staff, Once approved, tis pijuest is fornarded to *
COMUSHACY for approval, .
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‘Cancurrently, on *he US side at each comparsble level (e.g., pro- .
wviace senlor advisor), s U3 pozition on the regeest s recomuesded to
nigher acthority. This US position is doveloped ms the result of co~ .
ordination with CORCS, USALD, military and pol.iﬂul reprcsentauvas .
at each lovel where thsy exist, .

Upor srrival at MACT of the GTI request a2 the US posi.tinn re~ -

- ecemended by the Corps US Senior Advisor, the projact case is prepared ° *
within the Cherical QOrerations Divislun., Prusssed areas are difined

by those coordinaiss on which toth the G 252 U5 agres, In many cases,

the US position on targel erea #il) difier Irss tha GIY request be-

eause of varving odiai:ns on military advantages to be gained, An

asrizl reconnalsaance s conducted to ensure %t all populated areas

and frierdly crops cve dsleted from ths targst area. Having doter-

mined that tho pro,;.:r* is a valid berbicids dxogpet fren thy eerial
reconneissence and an analysis of the nilitary worth of the resmest,

the projsct case L3 sexnitted 1o thoe menbers af tha MACY 203 Comittee
individusdly for raview. AL pznbers of ths IRCY 203 Connittes cust

eoneur in tha proposzd project ..n order for i% fo bs approved.. Fre-

quently, during pracissing, tasgs pa amebers ape changed and opsra~

tional restrict’on: are addad ia erder to get wpamimsus agreezent in

the proposed projest. After considoration by the XAV 203 Cormittes,

tln project iz forarded to the Aabassador and QEUSIACV for approval,

Minimun proesssing tiss has been B waeky a”ter arrival at tke
Saigon Z'.m'a'L, whila tha average processing iize bas boen L3 montha,
Projacts ofien tak: 3-4 ronths efter initiztios by ths Provincs Chief
to reach Saigon laval.

Prior to initisiion of horbicide operations against a specific
target, & coordinetion nseting is held with preinelal officizis at
which firad details or any chinges in previcus equsats are irosned
out, A% this tize the Frovince Chief has the ention of aliering the
approved target hecanse of <hamges in the loeal situation sines ind- -1
tiation of tha origlil request., The militargwsrth of the tergst,
peyops 2nd civ:Ll aflfairs are reviend and inte¥iisonos s updoted,
Special conditlieons required during spray opsreiions zvs established
(o.g., wind dircction, arcas in which presiris or veturn fire-fore
fira tactics may b> employed, no-spray zonss) mud expiration dat.a
for the project is egrzed upon,

4

After conclusion of ths cao*d..::z ion --ser.'.ag, the Joint Genoral *
Staff publishes an oporztions order for exsmuifm of the targat which
1s distributed to conszrmed rarties in the CZ2 down to Provines level, oo
Coniurrantly, 7th Air Foroz I3 crdared to exeemss the mizsion with
C=123 spray eivaraft, Coordination datalls z-w furnisted to RASCH

L
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EARD by memorandta which spell out epecific target coordinates, herbi-
cide to be uted, veatber conditico requircmentz god eny otoer wausual
considepetions developed during ihe cotarfing end ecordimatien of the

project.
As s fin3) coutrol nessure, each £proy run over the terget nust

" tbe epproved by both the TS and RY-A7. The Province (hief Cust clear

fodividcal sprey ruas 2% o 48 Louwrs prior to the nissioo.

Be Revieed Procedurac, %The procedures outlinad belov epply to
the procezning of thoce herbi-ide spray requists wvhich nust cone to
the Seigon lavel for epproval. .

*

EAYGOY I¥7L

’ 1. Project file vill be prepareld by HACY (COCT) besed wpon
srpot froa JG5 end the Corps Sendor Advisor, o

2. Docroentation in the project file vill b2 responsive to
the' arccs of irterect outlined in th: checklists, Tha dated sigmature
of the Provieee Chie? recc=ending the project will be incluied in
ths project file.

- 3. Gplea of the profect tile will be provided cizcltagsous«
1y %0 each priler of the 203 Comdttee for review, Individml 203
Cecntttee noobors will epordinate vith thair counterpurts in the G7A
ob sigaiticant e7pents of the propoced project as nwceasary.

: L, T 203 Comdttee will neet ronthly to reviev and co-
ordivate on each project erse. Yore frequont restingy say be ealle’,
1f vorklosd so dietates or to procenss projects of orgent mllitary
peceasity. C.I7 ection officers will participate in ordsr to brief
the project £l 4o resrond to questiess, 1f sy, At th2 neeting, meoe
bers of tha 204 Coities will be prepared to state tholr sszsney's
positica ox thy propossl, The eoordinstion sheet scecopamying the
project case will be sigmed by individeal 203 Cormittsa mesbers (leas
LER) et the conelusjon of the meeting. lNoncomewrrerc.s will de exe
plained {n wrlting ead vill bes mode a part of the case.

$e¢ I==edistely vron ccopletion of the 203 Coraittee meeting,
the LES nrbar vill present ench project file +o the Anbascador for
eonsideration, )

6. Aftcr the approval of tre Achassedor bas been received,
COCT wil} foruard the projzct ecse to *he Chief of Staff, MACY for
CCIDEIACY ooorovel, eigentize end diospoted of th2 letiss to Chief of
J63 mnnouneiry L5 ecacurrence ip the GVI rogesst, The letter will

.
[}
L}



inMezte thst cection of tha r=ojsct vill o lcAtss to o eix {6)
po,ith pedoes prriod fros tha dote of t2y fivet caxtie flom.

Te A £2r=1 econdintticon resting vill bs k234 & Provices
Jevel efto I3 cosgrrpenes 1o 80 G regnoats  Altzrotions in tore

T gt arca £3 tha reault af thic raoting vill to edizitied to A

b;r rezoranien for ricnl con.:!écz-aﬁoa.
8. Eaquesto for extansion of mjact eoention periods

o111 be sumitted to thy 203 Co—rittee for review acd conemrrerce.

15304 ATCCT LEVCL

1, Cotps Senfor Advicors vill be rocomoible for extebliche
inz proszlizea to ensura cxzaditiony rrocessirs vithin tihe Coups
Tostiesd Zonc o tka r..;....-ed. 1S peaitien ca cxeh GO rc"'eﬂt. Prb-
cedmred ciild roquire thet edvicse rocsrmradafiicns ba forvanded 4o
Mghar lovels eoxemrantly” ui.-:.h, bab coparcta fooa the GO roQuests
Provines gévitory stafia will reicin torasicted eoples of oll dosn-
ments erdttid by tie Provines Calef fo lds roguost for herbicids
operations.

2. In extdliching tha T3 rosiliion to be pronozod 1o the
Batgon level, t5a Corpa Sandop Aivicor will sorazre texis k2 vicws of

the follevirg =hean of his' mtafl a2d ot lewer levels (vkzre iney
sxict) ere ecxoidoreds.

. ~ Reglonal RD Operstiors Officer
« Fer Life Lavelopaent Officer
- Agrlonlbeal Advicor : .
~ Beglomsl Beeneie Advieor - -
- Politieq). Reporting Officer '
« COZ3 Refugse Coordinator
~ f30% IXCONES for PeyOps

A otatesant to the offoet that thans vicua vera eeastécrad fIl be
i.nﬂ:.‘.l..-l in 3 pro et racaraaniatiens fermanish to 1007,

« In :ztﬂ.utiu.a +5 thcoa responaibilatizg ontiirsd ".n Thro.
ey ko (2) o2 1ov Tivoentve €2341, Carsa Eomics Adviror's raotoe

pexdations viil 1zoleds = econant oo ,.:’:.14 i3 LOCM0TI poatidon

f—



in the projest., In the case of I CTZ, POLAD cenenrrence will be in-
cludad, Addttionally, a bolel parretive of tha rajor adventeges and
possidle disadwuntages of wndsriakieg the propesed herddeids cpsva~
tion will b2 in.....r::ed.

A Dwmntatm ta bo insleded 2u projsst rezommendations
{over end sbove thet alrpady ¥equired in parsgraph Sa of KACY Direc-
tive 525-1) will »e rer;:znsiva £0 the aveas of interest outlined in
the checxlici, Thia ebaskiisy will ba prepared on basis of inpud pro=-
wiged by quaiified -;ee.‘.alis..s at appropriate levsls ac required.

5. To apsure pocrer daw,.c;.ert. and exacution of the pry=
ops sxpport pregren en inddvidezl poojscls, ths Corps Senior Advlzor
meat have specifi:s cox=itoentz ard sufficien: assuvance for psyops
suppart bofore recemsending the project.

&. An infermatien sopy of thy inltial pequest for herbieide
operetions will bs fovmished €2 RACV (COCT), .This inforzation copy
will %5 cead to follow prozszaing of the reguast thravgh intervening
hoadjqusriora to HACY, when tke project requast roashsa the Corps
Sexder Advizar lemwl, mizhers of thr 203 Comcities will b3 alerted
in oxdey that preli:u.na.-y stafl wark can be aszoaplished.

'f: In order to bo rezmontive, the IG5 profest reaqeest and the
Sendor Acrivorts resotmeriation shoazld an-ivs as MQ, MACV uith.'i.n
1.5 days fron ths dats o the origination of the reguest.

C. Gheck.ista.

Eolmr Sai‘g:.. Lewl

GEXERAL:

-

1. iﬁ;t i1a ths cbjastive and the military wurih of ths proposed de-
follatisn opsration? )

2, Eow urgsat is tho propozsd project?

3. Eavs ths IEPLORDS a=d PSA cozsuzzed in the proposed projest? In
the cass of nenssnsurrences, bavs the reasons bssn ctated?

4, Eave Proviueiad CCEDS end Regionad CORDS apecialists taken partd
axd had opportunity to cxpses their visys in the approval pro~
833 AL thair lar-.._?

3
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TARGET JCSCRIPTION:
1. mt m‘tiw; UE! grid econdinatess =
2. Have overlays been fncinded dn project recormendations?

3. Wbat type of vegetation 15 ocated 4n ihe target area (e.g. »
o3y specm)?

. MILTTARY STTUATION:

1, Wnat is the nﬂ.itary purpese of deromu.ng the propoeed targot
area?

-

2, \What 1! thy enexy sltmtioa in the propoced target area?

i Disposition (1ib., stoength, location, wstavity)? '
"b, Hature and pattern of encxy 10cts?

¢, Location of enexy basa ea:ps?
tl: Alr delense capa.hili.tﬂ

SENSITIVE AFEAS: .

- “Are achive rubder pL*.::t.ationQ, orchards and cultivated arcas lo-
- cated in the vicinity of tho targot? If sc, how far ars these

areas rroz tho tarzat liz=its? In the cass of cultivated aress,
when 1a the ha-rvest por.o‘.? -

PSIOPS ASPECTS:

1. Who and how muny inhabitants are Jocsted iz and nesr the t.arget
erea?

2, What 1s the prcd:l.ctod psreholosica.l itsact within the area of
Iogeﬂtian :

3. Wnat pa.wp redia is t,g be used?

b. ihat Wil be the themstie conbent of the medis?

5. Is any additlicns] suppart require:l? )

1

6. Does tho poyop plan include pxmisiona for oparaticns directed
“ toward population Mivins in the area contiguous to the target?
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7. What, if ay, ﬁroi:le#a have been eacountered in the exscution of
psyops plw prepared for previcus erbicide projects?

8. fre therc pmeedures to notify t.hmbalogical operations pcr-
opml to mcute'the psyops plan befora the mission is initiated?

AFFATRS ASPECTS:

S - .

1. 1s there any ltvalihood that sxecutisn of the profect will create
problezs or conflict with RD progrems In the area?

2.- 'How mxw el .gees cowuad psrouu:ﬁ by the opent.ion which this
-~ Project augporta?

3. Are Prov’.nchl racﬁ.tt.ios Adequauto handls gonerated remgoes?

A If thers is a refugee problen, has an adequate support pla.n been
prepared?

S Are proceduea and fimds avulabln to sntiaty damges which might

: be .t!:.cludr... under the clalas p:‘ogml!

(4] C“m
(Saigon Level} .
Responsible i -
Agerey:  GREAL: .

) s Lt s iy 1. Eas the Province Chief signel the basic request?
. TARGET DESCRITTICN:
WLCC? ). ¥Khat are the target bouadary coordinates on which
R ) both the J55 and Corps Senise Advisor agree?

Haecocy 2, Wmat 1s the aize of the target arca‘!h

Wecocy 3. Eow many sorties will be required to achieve target.
- . object.ivos?

5 nu&s:

MACCOCT 1., In the case of ‘argets In the vicinity of interna-
tlcnal beundaries, what is the distanco fromtarget
adge to the internaticmal berder or Milltary Opsra=-
ticnal Bowdary? For argevs in the southern



L]

portion of the IZ, mt distance 15 ths mtnern
odge af the torget frem the FUILY? " .

UBAID 2. Eave othar sepoftive avsen been 1dantified, l.e.,

forest poresmies, pisnticss for orodion cootrol,
recearch ploty; forest roacios edsmtotion plotl,
apriecitarel :pilot 1238 plato, aitical sotersind
areant .
WD 3+ Enve movisicod for sxivege of deid epd dying uicbor
beop comildzond, 1.e., industrind erpacity sveilanle,
sreurity considerstions, trensportution?

{Talew Saigan Level)

GEFTRAL:

_ 1, Waxt 49 the objrctive 224 tis pilitay vorth of the proposcd hers

Bleidx c3op destreciicd oprxrationt
2, How vzpent 1a “he proposed project?

3+ Eave the DEPOCHDS end P3A copeurred in the propossd project? In
the cese of nowonsurrencses, have the reasord been stated?

b, Eave Provinciel CC30S axd Reglons) CORTS speclsiists teken part
and had opport mity 10 exress thelr views 4in the 8DProval Pros
cend at their lavell

TARGET DTSCRYPITOT: v A
1+ Uhat sxre the UM grid coordinstest

2. Eare overloys bean insluded 4o project recomsendationnt

3. Hhatt,;-peormpuinthetu-getmammtisusmuns
Sea50n

-

~

1, Wbat 18 4he eoexy sitertion in the proposed targat eveat
" @ DMsposttion (i.e., streazth, loction, estivity)t
b lLocation of wajor TO/TVA base arexs?
€y Afr defenss expability?

o
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BESQURCES [ENIAL, ASFECTS:
3, What are the characteristics and vulnerabilities of VC/NVA food

 productlon etrarts in the area?

&e

b.

[

To what oxtent is the enewy in the area reliant en 1ocal pro=
duction for food requiremants?

Wnatare alternative scurces of food for VC/MVA in the ares?

How far $s the target area froa the nearest commercial center
or major agricultural area?

Is there evidence that eneny units currently are suffering
food shortages?

2, What oeasures besides herbicide crop destruction are being made to
centrol food in the area?

3. wWhat efforts are being £ade to eliminate the enexy's logistics
infrastructore in the area?

&

2.
3.
b

5.
6,
7.

.Is' there eff'ective resources control to preavent the ioportation
of food fron nearby cozmercial sources inte ths target area?

PSYOPS ASPICTS:
1. What 1a *he a;p-o)dmt.e popuhtion donsi%y in the area?

Are there any spes ‘.al characteristics of the population in the area

(1.;. » ethnie, religious » vocational, political, degres of liter-
asy)?

Wil paycholozical operations be condt.ctad in advance of the crop .
deatruction nission?

What iz the predictod psychological Impact within the area of
oparation?

What psyop uudia 43 to be used?

What will be the thecatic content of the cedia?

*

What, Lf ary, proble=s have been encountad in the execution of
PeYops plars preparsd for previcus horbicide projecis?

kS

?
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EIvIL lﬂ&!!‘.ﬁ ASDICTS: : -

" 1. Is thore sny 1ixslihood that executfon ofthemject vill ereste
’ mucsoreonm:tn‘thnnr:o;:m in iba ereal

I thora is & refuzze problen, has ao ummnupport plan been
preparcd by Provincs officizls?

P

Eow pany refuszes could be produced ty this opersticn?l
Are Provioeial feeilities adsqrate to handle generated refugees?

Are proczdures exd funds availeble to oatisfy duneres which night
ba ipelceied wwder the claizy prosro?

woroy

P It CooCanTER

{Saig0a Lovel) “
Recponsible
Aganeys S ITMALy
NADCOCT Je Eas the Province Chie? oigasd the baolc requestt
TARES TEOTITON '
. RACCOCT , 1. W3t cre the tarsot hmﬁ:xry coordineten on vhich
- both th2 JC3 oad Corpa Sanler Advisor ezree?
NACCOCT 2, Wbat is the size of the target erea?

D, PExeentiont to Ravired Proesiores,

1. Eclicenisr Dofoliesion, Tho reguircssats for harbicide
operatings hove lperci:izd £o ropicly that evailadle C-123 coroy air-
eraft connot nitoel al) rpproved tossatn vitkdn by desired time fraze,
¥any turgats ere all exd locatsd in eraess vhers they cox ba sprma.
Bore effectivaly by belictptsr cproy oyntsa,

Tt would ba denaficisdl to dslemats nuilority to rajor field eca.
gahdera for e;mrova. of baliespter dafolintion cuerations 4o evppsrt
of locil badsa {afease, tixfptamsnes of d2forcatsd areas, e=d the wicov-
erip; of Tmoun ol duoh £t clerng liess of commlcotion. Thie
vill pormit g vore tioady rasponse to dafolistics regoircaents of the
loerd tootdiend coroamiden,

- . -



Bacauss helicopter =pray opsraticns can be conducted at low ale -

titudes and slower speeds than $-123 spray dreraft, risk of damage
to crops outsice of approved target aress will be mininized. In ad-
dition to normal restrictions outlined in existing Directives, the
wajor field commanders would have to observe the following additional
requiresents: {a) a buffer distance of at lesst twe {2) kilcmeters
fron actire rutber plantasiens rust be maintained; (b) helicopter
spray operations will not be conducted wien ground teapzratures are
ter than 85° Fahrenheitand wind speed in excess of 10 z.,w.h.j

) & manthly repolt will be sutnitted by major field ccmzanders
which will specify areas @gfeliated by helicopter, agent used and
evaluation of resulis.

2, Apes Clearanze for Crop Destruction, Flexibility and
rapid response for crop degtructicn is required because zost torget
areas are svall, widely <2iapersed and diflicult to locate., At the
sama time, it is pacessary to cajstain adequate saleguards to assure
that the advantages of the mission will cutweigh the disauvantages.

ALl crop destruction projects nust adhere to policy which
requires that oparations Le conducted in food scarce arcas and
at locations fur removed from population centers.

At the initiation of the Province Chief ana the US Senior Pro-
vince Advisor, a request for aresa elearance is processed in the
Sane mancaT as oiher herticide requesis. In exder to lacilitate
the area eclearance reguest, areas af low pojulation density and
uncer VO eontrol or uninhatited will be considered, priza facie,

&3 possitle targets for crop desiruction. As an operational

guldeline, low populaticn density can be defined as less than
appraxirately 20 inhabitants par square mile., When approved,
the peried of executicn for the area projec: would extend for
12 months to allow attack of targets dver fwo growing cycles,

Specific target coordinates will be relayed directly to
MACY (CCC?) for approval prier to attack. MACY will assure
that specific targets meel original eriteria., Questiomable tar=
gets will be coordinated with cezbers of the 203 Comaittes,
Upon approval, MACU will direct appropriate agencles to fly
the miasion,

L}



2.
2,

3.

7.

8.

9.

Dates defoliation missions wers flown and type c;t 'aircutt. used,

Brief reststecent of military justiffcation of project, ireluding v
description of enemy use of target area,

Extent of Jefoliation of simgle, double and triple canopy jungle,
btushes, grasses and other cover, Use the following scale to in-
dicate verticrl and herizontal (where applicable) visibiliiy ef

. enemy facilities, LOC's and personnel: 1 ~ slightly increased

viafbility; II - moderately increased visibility; IXII - markedly
increased visibility,

Observed changes in the utillzation and location of eneny facili-
ties and 10C's as well as the movenent of enumy personnel.

Desc.ript.ion of targeting or operational errors to include execep~-
tions to estahiishel reteorological standards during spray
oparations. .

Solatiy= Reosu-sts, . (3) nusber and descriplion of requests sub-
mitted Lo clas=s asuthorities as an alleged consequence of Lhe
prgjoct.; {v) 2valuation of the effectivniss of the claims pro-
cedures,

Civi) Affairs Plens. Evaluaticn of population dislocation result-
ing froa the nercicide project. Coaments should not bs confined
to registerod refugses alone, :

Psyops Sunvor: Plans, (a) number and sample of leaflets and other
printed cedia used in suppart of the project; (b) mmber of loud-
speaker plans sortiess flown; {(e) dascription of other psycps sup-
port activities carried out; (d) description of local attitudes
toward the proJect or toward defoliatisn operations in general;
(e) existence an: extent of local enemy propaganda activities di-
rected against the project or the progran as a whole.

Over-Al) Evalvation, Assesstent by Provinc: Senier Advisor of .
the results of the project in terns of its military, ecome=ic and
political/psychological impact, at



gjures:

ZI.. Nurbsr of Evalmations Per Projsct. M1 defoliation pmject.s \d.ll

L e ——— -

2.

Cam m ———
+

1.
2.

3

4

3

6.

T

"

be evaluated within 3 tonchs of incepifon and each 3 month inter-

- val thereafter until coipletion. Repwis will be submitted within

30 days after the end of the reportizg period.

istribution. Copies of the enalustion will be distributed
to the 203 Coomittee by KACY {COCT7). .

TR H e

Erincipal Elements sf Evaiustiont

Dates crop asztruction vissions were fiowvn and type of aircraft

. used,

Brief restatinent of military justification of project, inc..'md:lng
descripticn of wnemy use of targel anea.

Extent of herbicide erop destruction in t.ha province by type of

erop, by parcentags of estinated VC/%@ requirements, and by
percentage of VO/SVA self-production.

The cuirrent enexy food situation, and ay changes in food situa-
tion aver tne last si:: ronths,

Do {ued thortages (1!‘ any) appear to hewy csused the enpemy to have
changed his area of operations or tastfes? Have there been men-
tifiable straizs placed on his logistics capacity?

What other srrorts have been pade to canirol food supplies (e.g.,
military orarations, attacks against .:Irastmctm, border con-
trol, Naticnal Police resources coptul)?

How have these activities been coordimted and have they been
effectiva? _ -y

Civi) Affairs Plan, Evaluation of pepulation dislocation result-
ing from herbicice projects, Conments should not be confined to
registered refugees alone.

Pryops Supurt Plan, (a) muber anf sanple of leaflets c!ro'—ped
and other yrinied cedia used in supxzt of the project; (b) nua~
ber of loucspeaker plane sorties flewy; (c) deseription of other
Poywar sup vt activitices carrded eutz (d) description of local
attitudes torard crop destruction o;:utions in general; (e} ex-
istence anc extent of local wnccy pramaganda activities directed

. against the project or the progran as a whole,
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- w " - !:
. . .

. Azapromant, Aopeseent by the Provisce Senlor Advieor
of the regults of the projiet 1o tarms of its nilitary, ecoocmic
end politicel/psychological fripact,

10,

Fraluation Prosnduves,

1.+ The Province Zsnlor Advisor vill subxit a sui-mu.-ﬁ report
(1 Moy end 1 Novesber) en crop destruciion in eash province vhere
cxop destruction nissions vere flovn within that gix month period,

2: Beeluation wull Le processed so es to errive at the Beigon level
- po later than 30 days adicr thw date of ecepletion of the report.

3. Copled of the report vil) b2 distributed to &ll mexhars of the
203 Cezuittes by IACY. (COCT).

e

LI, )



BBt Tee folloving techales) papars were propaved
by consultonts to the YACV represcoistive on thz Earbieide
Policy Review Comaittes, They contein oxpert information
and enelyols which the Ccxxittee took into conalderation

+ 1 1ts dellberations.

1
A = Herbicide Sprey Ipist

B ~ Theoretical Armlysis of Downwind Drift of Herbicide

Speayel o en Adveraft

€ - Toxicity of Herbieides in Use in EV3I

. D » Persistence of Herbicides in Soil aad Water

Z = Potentlal Eazards of Eerbicide Vaposs

3/
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Dre C, E. Ninarlk, Dirsctor, Plrat Sciences
faboretory, Dapartoant of the Amy,

Fort Datrick, Earylend

e Re As Darrow, Chief, Flant Fhysinlogy
Divinion, Caparicsnt of the Arzy

Port Datrick, Jorylend

Eexlquetors, United Biates
Jdlitary Ascistance Cozmond,
VYietnes

Cheaical Operatioas Divisioa

#F0 823 Fronsiseo 90222

% April 1933



45 essdoenatit of potential drift hazards t0 crops 16 Tieeaintsd
fap ths pilitary epplicaticn of &zfoliant herbicides conducted 15 Rl
with {123 alrcrart; Priocipsl footors {nlluenciag drift fros hdérlfs
#ide optey eppiicationd are!  droplét sird, hed:ht of reliasg esl
&tsospheric conditions, princi; ally Eorlscatal afp mavedadds

Tas ooseters of nnaa denssledsa viih Arenled glze 1g st availe
able o2 40y eumvent orxieiolol §a107 sty Daisist alsfor o3
equivalens p70%2m wish Dos4J ro2:3a9 whin g deizild 57 486 plosene
12D veps voad da ecistdilica of Laibields 49ATE saganilal rpga e
;:uzgt gltisuda of 109 £398 wliy arxise grovdui] valoeislen 48

EDZe . . .

I w2 ecumdieds) dled (i pariong dlgtonse ey ohiah bt khsearg
£rea & 2oble Cl2ids 30 eldh ChA N eoldd ocdir w3t 1 to B kilessrers
erder L3t 138550re0\ g €503 ) eopdiviona of § .:h, Riez, suswreane,
eorn 2nd ¢ihaw Faand AALT frsol e b2 Yo03bsd 1 cilsusbop 62 pere -
feoy dodolictled 1. atd,  Uodor tha a4idanharde codlidasd fi «Llgh
L2th Loy Cootnads S 0029 e2smabay, delet Ai2azr 6 byt ileel sTops
sbould peb Lacur o lddtide.d gresizy then 2 Mlcistapd.

- P *
- a A

To fioilor piuining Lof2d Laand, 1t s pees sandod that flight
torgets ta cxdentad sn Lo dn-vlnd direction 23 for &3 Jossibles

F]
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e use of herbicides to defoliate vegatation fn aress t;t cﬁitu-j

interest 48 o pew pilitery vespos which bas proven its effectiveness ip
* eperaticons in RV, The {=provezent of afr-to-gromd ead ground-to-

gound visibility bzs uncovered enewy positiops, perzitted observation
of his poves=:ote and has been a pricary faztor io reducing the focidence
of spbushes vith & regultant saviog of lives of Allied oi)itury person.
nel. Tos military worth of defolisztion is not being sldressed in this

stuly,

Oecosiopally “dennge” to destrabdle crops outaide the target area
is revortezd erhiaquant to dafoliant opriy operations. In rany casea,
investipztion of thy allegad dmzare eleizs hop &iselosed conditions
totally tarelsted to hordleides, Firarik (1) bae yeported slleged
robber dansxzs to be vatorzied 1n 9 canes out of 16 Zovestigated, The
"damaged® tr2e3 wers severely infected by ipseet pasta end pleat psthe
ogenie fe=zi, OGrois mejlest of other plentations wves redponsibie for
&eterioration of ta» rubdar trees, Virnses and ncatedes produced
pyDpicos reomblipg harbicide »ocponses, ead €4 4o the vier of Do,
Kader Voxili {2) ozd the acthora that &n ouny chees chderved, crop
dezage 18 dur to taess coeael cgenty.

Other dznage bad bean deternicsd to be the res=it of xisuse of
herbieldes by the grover bimoel? while pavigztionsl error by 12tk Afr
Cocmands Sqoadron hus elzo ccused domaze to scou erops. Leaking

" equirment 40 another potantial source of wwanted dezage,

It 10 not the iptent of this etudy to disclein the existence of
spray drift or to lofer that all crep dzzese cleins outside target
areas are 4oy to canses othor thap kerbiclde &r1ft. The oblective of
thie atudy ic to place in presor pearspectiive tle exomt of drift that
can occur ead 1ts potentlel hazard, In EWJ drift beccoes a potemtial
problen only wien desirzble ercpe are in close rroxiztty to the tar- .
get, In lorgs ores worgste and alopg icolated lines of co=munication,

. drift is of ittle eignificance.

A pumber of feriors influcdes  drift of sosay droplets vhen &
1iquid 10 releassd from 2o afrercft 4n fitgat, These fectors inelides

. 1)} Droplet nf2s
2} Epteific gravity -
_ i Evoporation rote
3 Eaight of rolissza
5) BHorizontal air movessnt
6) Vertieal Mr moveaent

5



7} Tecperature )
8) Huaidity .
9) Aerodynamic forces caused by the alrersft
e Particle size, heipht of relesse eod air movenent eve the principal’
. fastors in this cecplex intersction.

. When one considers the lerge tvwitsed of berbicides being disgsne
4eated over euch vast &recs of RV under ecobat eonittions, the anoumt
of drift dcmase that hes coowrred 48 truly czall. It 4s a tridbute to
the expertizz of thr perronnel of tke 12th Afr Cex=asds Squadron that
more drift doxege hos bot occwrred, '

X The C-1233/A/AU5Y.1 oprey eystzs, eurrently befez coployed in here

. wielde oporatiozs in ®A0, i wuwlly fwicticnsd o gproxinately 150
feet above th? vermztation uvbile the Tlene’is trevelies at 130-135 krnota
{150 £pb) fzitesied cirspeed, The liguid berbicide 2s forced throush
eheck valves or coszrio-bodies bavics en Intermal dlezetar of 3/8 ipch.
Toe orifics plete. otrainars =i viirl pletes hewicy teen resovcd, the
1igmid lecves tbe apzzie &5 wixbrslly & 92118 stroc= erd 48 broben dnte
discrete poxticlen by shisr forces £9 14 eatera the terbelent clelirsi,
Toe dropay 4tws productd bave & pomce of siges with the niaps fedion dive
peter (120) eatizated ot epprenizatsly 350 nicrooss This means thot 509
of the naoa of 1tbhe Yigquid cyreved s {a particles vhaia size is lazger
t3an 350 pierons add 507 o siter cmaller than 350 mfcvons.

Kthovsh the 0-123/A/ANSY-L eyotcn huo pever been cxlivreted for
d&rop olse dietribution, 1ts predececsor, the Ce123/i31, has bezn calie
trated {3), end £2 12D of approxizately 350 cievers wos found. The 12D
ras deterzinsd by the Durtx pathod of i'=heyaiuk a8 repsried by J, W,
Brown and D. W, Whitten (4). It e esscmed thal the £D for both syse
ts 18 esecoticlle the ace, .

The Dumax p3iod {8 & short cut for dsternining 12D without goicg
trough the leborious process of vosstoing the dieseters of lerge nem-
bere of drorlets, thua wafertuzitely she droplet sirs gpectran Zoy
peither the MC-1 mor A/AMSY-1 is avollzble,

- Howewver, Coutys end Yeten {5) bove publisheX typleal spectra for
asTeying systecs DS/LS hollow cona rozsle ot 50 pat wolessing the 14-
¢uid ints poorivstoonn Luving = 100 b veloeitr, Duta taken foco the
ewves off cpyetrs with D8 of 450, 350 end 30 oiczscs chov tha erme
ulative perecatzze of volime (or n263) for coch drop size and gre pree
. seated fp Gchle 1. The dreplet cpsetvod with en 12D gf 350 tiemona has
be2n eelected ey Teprosapteilv: of tixd obtadnzd with tho emmroat 0123
disycmipation esirzaat, Ths 3/8 fnsh chaek velves wod 1n tho C-123
ayste3 produce coardsr Aroplets tran the DS/LS porzles for which drcpe
let spacira ave avelleble for XD's of 350, 300 acd k53, Thus, the

o
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T S (N e SAPA S e s el w4 e kb deepmmeoy ke b rmes . 4 e e

. ~ . H
. 'WABLE 1
. ¢
Droplet -Dimeter wxd Cumulative Perceatsge of Voluce at MO of
300, 350 e=d 450 pierans for DE/UE morzle, L0 pai, 100 mplr Airspeed,
2.&’ Q4] in Zmulsion.w
wCrar OF voLue
. IROFLED S5TZE
{microns) 3008 3% 8 450 p
. % 0,05 0.k . 0,01
7 “oub 0. 0,02
100 2 % N X
. 200 Yoo, T30, S 2
i 30 s8. . 3% 20
0 80. 66, 4o,
$00 %8. 8o. &0.
580 ’ 58, . Bo.
’ 100 8. -
. # jdapted from Coutts and Yates (5}



oo of droplets belew 100 nicrons frem the C-123 eysten 1a less
thin tha 0.6 to 2,0 pereent cited for the DS/ES system in Tadble 1. The
table shows thot for ihe 1o of 350 nicroms, only 0.01% of the epray
mags or voliae 48 in a elze renage of 50 ricrons o> esnller, snd that
only 0.1% consiots of TO nicron droplets or c=aller. -

Dorrel) (6), using Steiies' ley, kas calculeted the newinel fell
- welocitlies Of droplets of bexdicids; CRATJE. Froo Dorrell's dats, the
digtance dowmwirzd that GRUGE drevleis will be corzied by 3, 6 and 9
iph vizde while falling 150 feet cre given in Ueble 2,

Tsing the droplet chaetrim for eyplicotion at 350 miercn KD frem
Tehle 1, the relstive crors nad depocitios reies froz dowvevind Arift of
. wvariow) droplet sisen of CRATSE are etown in Pigure 1 tder crosswind
eopditicnn of § i, Tnd trazs of deposition frr droplets of diffevent
sitca vaps ccoputad boscd op e ) nfnute flight et 150 oph (13,200 £t)
with dlosoication et 250 p=l/zinute e5d borfzestel distances treveled,
dovnwind freo relense et 130 feet olevstion. Yor exerple, droplets
rensing 1n size fren 500 ¢ 5%0 nicroza £all wvithin & dfstance of 53
feet of thke f14-5%¢ path for ¢ aves of 19 cores. At &8 flow Tate of
250 gal/cinuts, 185 of tha total cpray volize or bS gzliczs 18 4n the
S00p-58Cn &ronlet cless. The dsmooition wite 1s thus 55 gsllons on
anh area of 19 zerea for erorexizatoly 2.25 gal/fesre. Uader the otated
eozditione, fymrexinmately £975 of thy epray veltse (200 nicrons or
. larger) fello within 411 fext of the efrcraft flicht path giving &
ground depoalt ronging frea 1.4 to 3 galiops per ecre,

Droplets exaller thon 200 niercne ave more subject to drift.
Perticles bolwoen 100 azd 200 nleroca fall 4n thy aren of 355 acres
o to 1,585 foat frem tha relesse 1ima with a d2posit rate of epprot-
{ostaly 0,6 gnl/eer2,  Drerlets ransing frea TO o 100 pierons vill
be doposited withic en edizsent strdp 1,809 feet in vidth vwith en
spplication rate of 0.032 ralfacre 1w to a totx) distesce of 3,303
feet or 1.0 hilcsaters fyo the Might 1ins, This distance representsn
the parinoy ddptonce ot vbied the rate of deposit of herbicide freo e
siogle sorile wvould affect crap planis,

Droplets reagieg in elze feea 50 to 70 nicrves coastitutes only
0.097 of tta total volima, ez, inspite of the greater dtstonce {1
velled {total of 6,567 fost e 2.0 Hlcoaters), 4he rate o” deposition
frea o oinzle sortle 18 naziicible » 0,0002 gal/asre. In the usual
oprrations of thy 12th ACS, six eortins ars flowm ¢a o glvea torget,
Tee srparirpossd drift of 50-70 micrewm pasticles fren gix edjoining
sortles vould ropresent e maxinm denodit of L00I2 galfacre,

Since OUATZ eontains 8.6 1b/gxtlen of 2,5-D end 2,b,5-T7 exvressed
o8 s2id eacdvelont, thy dotage rote of 50-70 mlcrpn dsgplota from aix
sortlied wvould b2 oxly 0,01 1b/cera. Tzie rate of exdticatien would not
Seleteriouwsly affcet the preductivity of nost ersp pleats. laxing

PR ¢
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Rate of fell end !ocwnvind drift of herbicide ORANGE froa 150 foot
altitude 40 3, 6 and 9 £pbh wind,

‘WSIZE RATE OF FALL TIND 70 JALL 150' IRIFr DISMRCE WHILZ FALLINS

{micrens)  (ft/ric) {=dnutes) 150* IH CAOSSWIMS OF DIFFERIT
SEms :
B L a7 W O
50 18 6,33 2y 4398 6557
m 36 ! K17 na 2202 3303
100 7 2,0 538 1056 159%
150 6 0.51 240 80 120
- 20 25 052 w . om
2% 56 0.33 & n 261
3% "65T . . -0.23 & 2w - 1,37
00 1162 0.13 T & .02
500 12 0:08 a

R &
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% 0F TROPLET

ATRCRAVY FLICE: PATH 5 SwAE
Yoo, SIZE {13,200 Ft) T HITH
‘s8op ,
18 19 Acres kS Cals 2,25 Gal/A 83
T 900p P )
"1k ) 12 Acree 35 Gals 3 Gal/A 39
hoop . .
-31 } 25 Acres  77.5 Cals 3 Cal/A 81
' 3902
25 TO ATes 104 Gals  L.b Cal/A 2201
200p -
9.2 366 An’reé 23 Gals 0.6 Gal/fA 1183¢
(5.0 1bs/a)
1002
0.7 548 Acres 1,75 Gale 0,032 GalfA  [180°
. . {0.275 1bs/A)
Top
«09 ‘ 9T Acres 0,22 Gals  0,0002 Gal/A 3294
(0.002 1b=/a)
7op

erviswind,

SWATH
¥IDTE

63

102*

263"
M

15841

3303°

.

2

F.OURE 1. Drift pstter for droplet speetre with 350n IMD 4= 9 mph
iata ropreszents arses end volrz2s of deponsition fron cre cine

ute flicht vith flov rate of 253 g2l/nin, at 150 cph {13,200 £t/nin)

.based on Tables ) end 2,

Rates of applicetion for droplete of 52 %o 200

mierorg sre expressad io lbs/ecre of seid equivolent in ORANGE,

|
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response to ORANGE et thie ree would copsiet of malférnation of the

- leaves of seasitive brosdieaf planta such as tomatoes snd soybeans,

vith po reduction 1o ¢rop yield,* Ttere would be ebsolutely uo ham
to rice, corn, ocgarcene or other grasa«liké plents,

The above discussion hes assused & droplet spectrim with 0,09%
of the total volime in droplets less than TO micrens in dizmeter,
Eyen if the dzoplet spectrim ioeluded & 10x greater volize of drop=
lets under 70 micress, the paxioim rete of drift depoolition would be
ealy 0.12 1b/eere for & 6 sortle ciesicn, Again only the most sensi-
tive crops vould exhibii leaf eslformatlon or reduced yield at this
rate of deposition from a & sortie niasfon.

Thos, under the most unfavorsble conditions of e 9 rph croncwipd,

’ I. sultipls cortie picsion with dissexipation et 3% rderon M0 sbould

glve po drift dozape to broszdleaf orops at distences grecier then L
to 2 kilcseters at a pexioims, Riee end otbar grass-like erops will
pot be affected by doifs from URAGUE st diotences greater then 1
Hlepater, .

It should be e=phoeized that the crossvind ecnditione at right
engles o the flicht prth used In this exaople ere the most exireme
wnder vhich defolletiue flighis are node, Por trur icwind flights,
the spray drift will fell wi<hin the porsal swrth patfern and with
partisal crossvind the zoné of epray drift vill be proportionately
reduced in area and distonce from the flight puib.

The precedin;; ditcuvapion pertnins to relenses wder noutral cona
ditione vhere at=rgpherie turbulence 1s af s ninicts, If the releases
are made sy sirosg lepse conditiens or extrcze tirbulence, the pmall
{mder 5O cierons d-oplets could be carried upvard exd possibly be
depoeited acme dintence frem thr pelezse )linme, KHovever, eny herbicide
emrried vpward in ccavestion 2crrents would bacoms diluted in the air
aed 1f the heubicide elovd sheuld toush dowm to earth, its copcentra-
tion would uadoubtedly Be in & pub-lethal range.

Dorrell {6} Las reported that l=pee conditions develop slowly
over the Jungle e2d genzrally ere waak in chersctsr, Ha states:
Pesothe influsnce of teoperature graiient on the diffesion of parti-
cles vould be poglizible if the particles sare in the 300 mieron
renge {cr even dowm 0 SO microns). 2ellfstie trajsctories {gravie

‘tational velosity icfleonced by wind vector} o partieles would

prevell end tepeuratiTes uould be of 11tile coreern wmlens & volatile
patarisl wos beisg wsed." It cust be borme in mind that the drift
shown 4o Flge 1 wes besed oa the nost unfevorsble conditions as

far as vicd cpred 15 coszermed,  Cenerglly 12%h ACS sborts niesbions
AT the vind speed exceeds 10 b and ground texperatures exceed B5° ¥,

FT



.

Thus, drift of the magnitude shovm would aot be the uswl case since
moat nissiops mre flowr early in the worning vhen winds are relstively
calm and fnversion conditions obtain. :

Alr temperaturs and huaidity aleo have en effect on drift, but
these generally relate to the physienl a=d chazieal propesties of the
spray. Lov himidity cauveea eveporation of water frea drcplets of
aqueous solutions, vbich Tesults 1n & reductios in droplet size, thus v-
increasing the nuoober of szall drape zvelilable for drift, Eigh tem-
peratures sccelerzte eviporation of weter syray droplets snd are ree
sponsible for reduction in dreslet sire of non-squesus drops of volatile
liquids, ORATIZ, however, with its low vepor pressure is not sipni.
ficently affested by the tesyeratures t:et may be encomntered dtring .
apray opareticns in BVA. tuguzn OARNE is pegzarded as & volatile
berbieids in the weed coatral field, it ie considered esgentially
gopsvelatile by the physicel ch=zist.

Table 3 showe the cooparative volatility of ‘butyl 2,4-D end othar’
common liquids, The volutility of butyl 2,4-D, & cozronent of CRATGE,
18 gasucred 10 be epproriczataly the same aa that of ORATGE, Velves 4n
Table 3 ere the texmpacsiitires 3t which the vapoy pressura of the catere
1al equzls 1 &2 of merssTy; & 5izh valus such as that of butyl 2,L.p
thuys represents low valetility. ' .

Irops of ORAYGE es releesed from iie alreraft would not chenge
in size due to volstility to e degres that would affect drift,

Evaporation rates of WEITE end ELUR, vhich sre sgueous foroulaw
tiona, are not avellzble for considevation fn thie sicly, althoush
some decreass in droplet sits dus to evaporstiol would be expscted
o ocour during 4he Ay S2ason. Inring ti2 ralay sesson, becewie of
the bigh buddity duricg the esrly corzing hours when spray missions
are concduoted, evaporation would be pinilmal,

The eerodynszmic characteristic of the siraraft that exeris the ]
grestest Influznee on dxift 15 the tickolence at the witg tips. The
vortex ereated in this ares pecds the eprzy drops into & high epirel .
above the alreraft, Drops in thie cpirad recain elofs for longsr
periods of tize enl drift ferther dounsind than the bulk of the epray
maas, The prassnt configiation of the C~123/A/Ah5¥-1 socey cystenm .
does mot bave rozzles vithin sppromirately 15 fiot of the wing +ips,
thus reducing the ve:tex effeits, In & similar ramner, the nozzles
on the tall boon are positiozed to evold the sria vhare the slip -t
stre:n would cause the spray to be earyied upward, '
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Relative Volsotility of Corron Chezicels: Terperature at vhich
wepor prepsure ciuals 1t of sercury.®

BUESTANCE ‘ ' m:rmm o0 .
B ar
Putyl Klechol ' .1
Ethylene Glyeol 53
(peinencnt agti~freeze} '
m:.l :;g:h valls) | '53
Bexachlorobentens pab
Kc_rosm ' 320
¥o. 1 Fue) 041 e
Glycerine 325
Butyl 2,4.D 17
oo 2 Fe2l 011  {153)

# Data from Enmdbock of Chenlstiry and Physica
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The problen of drift of berbicids released frca an siraraft 1s
treated theoreiically berein. The parsceters of relesse are gh gl-
titude of 50 n (162.5 £%), u windspesd of 10 knots {11.5 oph), and
gentrrl tasparstire goedient, Two hypothaticeal distributions of pare
ticle tize mre postuleted, Loill ctetisticelly normzl snd centering on
a pedinn size of 350 mieronse %o the first case, the major frection
of the particles cre distributed over & folrly narvow size remge;
of 81) the pariicles f£all within 30 * 300 mierone, In the secopd
case, tve porticles ere dlstributed more widelys €583 of the particles
fall betvcan 300 I 200 microes, onty 36% within 300 ¥ 100 nicrons.

The gonl of tke emalysis ie the determipation of the percentage
of released egezt vhieh ¢rifis verious distances dovowind of the re-
leass linn, This is donz in giepwise faphion, stariing fren en srale
ysie of the digtribution of perticle size by percentage within 50-
pisron categories for ecch postulated 2istributlon, The rate of fall
of particles 1o e2ch of the caleparies 18 celowleted, and from these
data, dowmuind 2rift 16 determived. TFext, the parcentage of total
output zan3 felllizgz in cach slze range 18 develomed, and thia leads

+ directly to the Cenired ipforzsilon opn the parcentese of egeot oute .

put vhich drifts vesyinz distepzes dovnwind, Thavse daie, dzveloped
for the goperal casa, czn eraily be c=ployed to wscertain the ground
concentration of ejeat &t eny roint downvind for ety initlel concen-
tration of esent spreyed from the aireraft, For exesple, in the
specific ecse of aa initis) eoncentretion of egent of 3 gelfacre, it
pay be geen that & lace of 0,03 gzl/ecre will be produced sche 262 o
{852 r4) downwircd, urd & dose of 0,003 gal/ecre sezz 368 o (1131 £t)
downvipd, E-aiier emownts of cgent will drift even further snid, due
to eddies end thormais, "hot spota", concentraticns of egzent greater
than that over the swrroundipg eres ere aleo likely to be formed,

o

In eonelusicn, 4t must be pointed out that & theoretiesl sualysis
can ooly provide orieatation as to the overall magnitvle of the pro= .
blen of drift. It 2on pot be substituted for reel testing of the
equipient aetuolly 12 we codor the eopiitions in whiech the ectual :
operetienal nissicos ers flowm, Only such tests cen reasonsbly as- LT
sure verlty in ti2 finsl evelcation of this problexz.
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OF EE2BICIDE SPRAYED FRCY A ATRCRATT.

The problen of drift ia hers treated in 1ts theoreticel aspects. ¢
Svo poasible porpal disiributione of particle size output by the spray
rig ere postulsted., Both exploy & distributional cedian die=eter of
300 microns; the first poctulates a stapdard deviaticn of 100 nicreis,
the epecond & standard deviation of 200 mierons. Toua, In the first
case, gproxizately 653 of the efflusat particles will fall in the eize
range of 202-420 cleress, end 955 4n the respge 100-530 cicrone. Ia the
second easa (g-= 2001), 664 of the particles will 1ie betuzen 100-500
microne; 163 of the particles vill de £=aller than 16D sicroas end the
reaining 163 pay be expicted to b2 lerger than 500 cicrone. Tables 1
and 2 show %t:e percentese of total particles vhich lie in the stipclated
size cetegorien for each of the two postuleted disteibutione,

ibe goe) of the enlynis i to determine the percentsge of fotal
output zast of egsot vhich ecovee doswmwind verious distrsces froo t!-.e
lips of rslezss. The ecaroptions, besides those perisining to
cle size diciribition, £re a releass altittdz of 50 o {162.5 rt) a.':d

‘a 10«kz0t (11,5 mphy wind normsl to the relemss= lina, Also ircplieit
. in the gr=lyats i the csowmption that the wicl 45 constent in both

svzed a=d dircetion frez the 50 o level down to the gproucd, and that
the tceperatmie predfent e psutral (l.e., neither isversicd por lspse
eanditions p"r\r“‘il). F5 eccornt ig trhen ¢n the possible effects of
eddy etoranis sinece the noerienl end positionsl occurence of these,
snd tie pozsihilities of thelr belnz su=ziiive or Jelf-ceuiralizicng
1n their Witisate effects, is virtuwally iz opdareble,

| Pgusticarn governinz the rate of fell through the air of !mall
particias ere given in Ilark's Stondssd Eeacheok for (feachanical Eusfoe
eers {70 eds). 1In tte ragion betvasa 1000 microus and epproxirately
100 mierens, the following ruproxization for tsrmipel veloutty holdss

. v, » (0.51)xs2/3,
vhere vy 48 terminel velceity in rm/see Tl
X = G,B1 (for a sphore)

. I3 +

8 » specific gravity of the partieles (tsken to be .25 gn/cc)*

4 = dlenrter of tie particle in misrons

* 1,25 gfce i3 the epproxinate density of herbleide CRATCT. WHITE has
a denslty of 2,15, ELUT a density of 1.32. The use of either of these
would charge the owtecio of the enzlysis by six or seven percent.



}ARE 1

Distribution of Particles Yy Si~e for A= 300, = 100,

0-25 eicrone 0.0k%
25-75 * 0-92?'

- . o T5As C .2.1'#
125175 ° 6.5¢%
175-225 % 12.10%
as-z?s‘ . 17.574
2i5-325 * T 19.74%
323375 ° 1757
S5-l2s  * S1208

- k25-k75  * 6.55%
-§75-525 * - 2.75%
525-57 " 0.52%

2515 " 0.0%



JARLE 2

Distribotion of Particles by Size for M= 300, = 200

SIZE CAB00RY FIRCTITACE

0-25 nicroas B.hx%
2575 * b58%
T5-125 ' ° 6.05%
125-175 "‘ 7.524
175.225 " 8,78

. ®p2r5 " 9.68% -
215325 9958
325.315 " 9.64%
w5 geg
kesdys * . Te52%

" MTses25 * 6.05%
525.515 . 56%

>3 " 8.4T3
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In the region betvesn spproxizately 100 microns sad 10 microns, the
more faoiliar Stokes' Law governs ithe settling rate of tbsu pq.rt:.clen:

vy » {0.51)ksa?
where ve 33 terminal velocity i c=/sec
K @ 5.9 % 1073 fov srhericel zoriictea
s = spectific gravity (1.25 gfec)e
4 = diaoy tar of particle in xlerons

- Both curves &re sktoun in figtre 1. It mey be secn that the two curves

croes at tre point & = 125, A cozposite cizve, comstructed of the gp-
propriete segment of ¢.o ccrve, vas ewpivyed to yield the terminal
velocivy of particles throughout the size rmnge of interest,

The downwind travel of a particle of & giverw size 43 directly pro-
portions) to the siiitule of relesse and the ratio ':f its terminnd

welocity to the welocity of the wisd, 1,04y § o b o, In the specific

cate of a serticie at pn altitede 02 S0 4n lx-th:ot wicd, the
borizontel d:.atr:gcs S fres the lise of releass to tometdown i given

& .
by = 5000 --'-'—- ::10'3,' for § io neters. Pigeee 2 shows the downe

} 4 -
vind drift of particles in the aize range of interest in this paper,

The next step in the analyeis is a determination of the relative
aoounts of the totnl cass of relecsed pgeat vhich fell into each nize
range for each disiributlen, This quantity 1s exlesletsd froa the pe.
Iative pumber of prriicles in eech size renge ani ths relative mass of
e particle in ench size renge, thusly:

p o Jo0mV
.1 X
&0y Ve
1

viere !1 1s :2; ﬁz;:entt.ga of the total oculpat mass 4n the
Tang: .

* See footnole, poge 3.3
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py 1s the percentage of all output particies falliog in
: the 4th gize runge

¥y is-tbe volume of & epheve in the iih size range

.}
; 1s the sum of all the products of nyV,

Toable 3 shous the resuils of these caleulations for each of the two
hypothetical partiele site dictribdutions i{n tercs of the percentage
of total output mass which Falls into each slze category.

By combining table 3 and figure 2, ve nay detercine the percent.
age of the total output cass of sgent which drifts various distances
dovnwind. These date are skown in table 4, Teble S shous the cuoulaw
tive percentage of the iotal mpss of output sgent which falls out by
various distances dovnvind., An exenination of table 5 indicates that,
ander the cordi‘icns silpuleted ({.e., 50 B release gltitude, 10-kmot
vind), 99% of the azent released by the afrcralt resches the ground by
262 neters (852 rt) dounvind of the aircraft Line of rlight, and 99.9%
By 348 n (113 £t) dovzuind, Thus, for an elrcreft celiprated to pro-
duce &n ngent concentraticz of 3 salfncre oore or less directly upder
the plane, under the mssisptions cade here, coe may also expect to pro-
doce ground corcentrations of 0.03 galfscre approximately 262 a2 dovpe
vind, z2d less then 0.003 gel/acre deyond 343 = dswnwind, It showld
be pointed sut hovever that tangidle, though very saail, soounts of
the herbicide will drift as far dovnwiod as 2 =,

As wentioned emrlier, certeln factors have been neglected in this
theoreticel enalysis of the drift of herbieide pazticles off the terget
area. Ior one thisg, the drift distence 18 lirectly provortionsl to
the altitude of relepts, Enploying & releass sliftude of 50 o {1E2.5
£t) meers thet fafrly e=all abeclute chenges in the atrerafi's alti-
tude will have relatively large proportiongie effest on the distence
of drirt., Also, In rolling terrsin, as the atrervatt attezpis to My
the contours of the terrain, at certain points in the flight silhoustte
an upward vector will te ivparted to the effluert, ani 1t will tend %o
rise a litile highsr than the aircraft, Siollerly, 4f the terrain ele-
vation is {elling in the dounwind directlion, the effluent will take
longer to reach the pround and will be cavried further downwind, Cone
vers:ly, i the terraibp rises, the particles will be interceptedl
earlier, .

Another fector which is very difficult %o fit {nto an anslysis is
the effect of turbulenze around the alrcraft apd spray boo2 as the spray
is injectel frco the noz:les ioto the slipsirez=. The vortices erezted
nesr the vingiips end 2cis of the boonm would teni, 1f they cateh part
of the effluent, to thzov the particles in circles for a short tice y 50
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BIZE RANGE SJLRANGE S CTTOTALINSS

0-25,
25-75
T5-125

125-375
1T5-225
£25-275
275-325
325-3T5
3T5-425

A25-475

b75-525
525-575
2575

-,

HE3

PERCENMAGE OF PARTICLES ARD FIRCENTACE OF
TORAL OUITUT MASS BY SIZZ RASCGE

Cal00p

Ta200p

0.0%
0,92
2,79
€.56
12,2
17.97
15. 7%
AT.97
112,10
6,56
2.19
0.2
0.04%

< 0.0L
<0,01
0,08
0,62
2.70
T.62
1h,84
2,46
a.6
16.65
9.73
A6
0.2k

S IMrrs %Or 20Nl iUss

- 8.5
A58
6.05

X
873
9,64
9.55
. 9.6%

8.8
152
6,05
k.58

8,47

0.0
0.0
‘o
C.61
.27
2.72
k.85
.57
10,18
12,36

13.69 -

. 13.75
3312

J4
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mare b '
DOVNVTND IRIFT BY PERCEST OF TOTAL MASY OUTYUT
- PIRCENTASE OF JOTAL VASS OUTRUT
JIOWSD IRTT, M, €l . G0
5,08 x 104 o0t <o
2,70 x 163 " ¢ot X
6,68 x 16° 0,08 0.11
3.48 x 302 v 0,62 0.61
2.62 x 102 2.7 1,27
2,08 x 102 K XS 2,72
1,76 x 102 1,684 5.85
.49 x 102 2,46 TAT
LPx12 a6 10,18 -
1.16 x 102 16,65 12,36
105 x 10 976 13.69
9,43 x 101 ‘ .26 © 1375

80?0 x 101 0,2k 330!-2
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CUMILATIVE PERCEIACE OF TOTAL OUTPUT MASS
_PALLDG OUT BY VARIOUS DISTANCES DOWEWDD
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that rather than beginning to drop immedlately, they could maintain .
attitude for & fev seconds and be carrled dowowlod somechat further
than they otherwise vould be, This effect is cipimized scmevhat in
practice by not extending the sprey boocs all the way out to the
wiogtips.

Evaporetion frbom the particles while 4n flight im another coi~
sidzration. As e parsicle noves throuzh the sir, evaporation tckes
place and it becomes sxslier and ligeter, the eflect of vhich is to
pernit 1t to be carried further dovnuind, Eowever, pipce one of the
factors governiing rete of evaporation is exposed surface, this pro-
cess poves 1o the direstion of eelf-lizitation. {uf courss, it does
not resch zers until the surfece end tass reach tero). Also, since

 mass {s directly proportional to volime (miss = density x volume),

we may compare the equstion which governs the voloze of a sphere with
the lavs which govern its termingl velocity (whick in turn leads d1.
rectly to 1ts covnvind travel) to see how they Dedeve as the particle
srows soeller, .- .

[ 1
Vaphers * 5 are3

i) v
s-n(.k:"u)' - '

 where S 18 downwind travel. It nay be geen that, while the increase

in downwind 1rovel of a particle is proportionete either directly to

the decresee of 1ts radins or to the sgusve of its yedius, & reduction
in radius preduces & cublc decrease in its mass, In short, while eva-
Poraticn moy cause particles to float furiher dovnwind, 4t elso ects, ..
snd {p such tore procounced menper, t0 reduce the actual smount of "
agent vhich is finslly deposited on the ground,

In conclusion, it ebould be pointed cut thet the foregoing thede
petical enalysis of the prodlea of drifs of herticide is not an ede-
quate gubstituie for good operaticnal testing of tha spray equipcent
o8 it exicts 2nd 1e esployed 4n Wietrss., Such ea entlysis et best '
¥lelds only en fdee of the cagnitule of the prodblen. It tells us only
that, under ibe altitude, wipdspeed, acd atmospheric conditions which *
are enployed &8 operctiotel constrairts in-countsy, and assuming that
the equiraent fupctions within rezsomsble reach of its design charace
teristics, then we should pot expsct to find eig-ificant fractions of
the agent output coving greet distances dowowind.
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The toxicity of the three herbicides in large scale use as defoli-
ante 4n RV has been reviewe’. With respect to the texiclty of ORANLGE,
the authors quote the conclusions presented in ths Miduest Rozearch
Institute Report which stetes "...that the rick of himes 223 enips) toxe
lefty frod the use cf 2,4-D and 1ts varioas esters end sclts {s very,
very lov. Its possidle cfifects on fish ead fish feods Loy he a problen
widar certain condftions...2,5,5-T resesbles 2,k-D in 1ta toxicity to
aninsls and fish but 1s & little oore toxte ... 09 sypergestic toxiei~
ties were noted 1o anirn’s as a result of using these ciztures.”

Data sre preserntied on fish toxicity that wae oot evallable at the
time the Midweat Reterrch Institute Report vao vritten, &24 the study
concludes that there is very little fieh toxieity hazsed from the dosage
of ORARGE being usec, They also point out that diring the time that

ORALGE has been in t3e in RVI, there have been pe reporis of fish kill -

resulting froo the vse of this herbicide,

Taxieity dets for BLUZ (cacodylic acld) and %ETTE (pleloren snd
2,5.D) are presentec, and it i5 concluded that t}ey elso do not preesent
safety hazards t¢ uting persoonel or personnel wto are sprayed, Food
that has been sprayed cen elso be safely conswmed since graatities of
herbicide deposiiéd per unit area do not c¢oostitite a bezardous dose,

C

¥
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Rerbicide CRANGE, the priacipal defolient being used 1o RVR, is
eotnposed of the butyl eiters of 2,4-D and 2,4,5-T, tvo of the zmost
videly used herbicldes in agricultural end industrial vegetation cope
trol. Uatil 1555 there had been no substantizl caseof death to men CF

" er animclé Gue 10 thest two herbicides in the morve than 20 years that

they have been in large scale use, )

In 1965, Di Pelma® reported that  man cocxitted suleide by cone
sming about 6.5 grexs of 2,4-D. Mlliors of gallons of CRALGE have
been handled by ARV end US personnel during the past § yeers without
any reports of fllness cven though ARV personzsl ITequently work in
elothing coaked wvith herbleide, PFarsoanel iovolved In manulzeturing
these herblcider bave eleo beep sipzulerly free from 111 effects attri-
butable to these herbiclies even though thay vére exposed {0 them for
long periods of tiz= oo B daily basie, It pust therefore be concludaed
that even prolozzed exposure to ORANGE fe pot har=ful to Mimans except
in those rare irpstancew where gn individual ney bave s gpecific ellergy
to this substence,

A detalled reviev of herbicide toxicological date 1s contained
in “Assescment of Ecological Ei1lects of Exten:ive or Repsated Use of -
Eerbicidea"” prepsved by Midwest Reseerch Jostitute in 1557. The
suthors coneluded “,,.that the risk of himen acd aninsl toxieity from
the use of 2,4.D ard 1ts various esterc and sults is very, very lov.
Its poselble efZects on fish end or fish food: pay be & problem under
certain conditiczs,” With respect to 2,L,5-T they state "In suavary,
2,5,5-T resexbles 2,b-D in its toxicity to enicels szd £3zh but is &
Jittle more toxts ... DO Eyneczgistic toxtcitioes wers noted in an‘mels
88 a result of csing these pixtures,"

The toxicity to fish varies with the species, tha selt or ester -y
of 2,4-D or 2,4,5-7 erpleoyed end the durstion of exposure, TFor examdle
the LDEO in k3 owrs for the dimethylecine eait of 2,hk-D for bluegpsll
aunfrist 18 166-L53 pp; while in . Jours for Zathead minnew 4¢ s 20
Phm. :

*

A 2,5-D plkanalamine salt has en LDsq of 535-BL0 pra for hluegills
vhile the propyicze glyeclbutyl ether, birtexyethyl, ethyl, butyl and
isonropyl eaters bave I'DSO" ranzizg frea 1.1 to 2 pra.

® DL Palea, J. R (2d.), po 1003 from Drill's Fhasracology in #edicine, -
MaGraw-Ei1ll Book Co., Few York (1955). .
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Ope ppo is the equivelent of 2.72 1bs of harbiclde per acre-foot
of water, If 3 gallons of URANSE vere cprayed on an szTe 0f vater one
foot deep, the concentration would be epproxizately 1l pgm. Taie
wvould be a toxic dose for blesgille 4f the exposure to this concentra~ %
tion were 48 bours or longer., In boliep of water decper than one fook,
the concentration vould be proportionniely decreaced. If the berdicide
fell on a strean with even & slcow cwrent, the herbiclde would cove -
dovn streaa sad alght nct expose the fish to tke leiial dose for more
than a few hours, It should be noted that in the pawt few yeers with t
the lerge volimss of kerbicile being dignemipated ip Vieitnam, there
have been no rejporys of £ish i1l attzibuted to herbizides,

LU ,
The eative lnsredlert of TLUZ or Phytar S50C is ceeodylie actd

a8 ite sodito selt. Ceccdylic escid ie dizoidyl eriacie ecld fn valch
the ersenic 48 in the inpccuous pinteralent gtste retlsr than the

toxie trivelent staie, Cacodylie eeid has beoap cped =xdicipally for
yeers, being edsipiciered eitber orelly ec pllls or tr kypoderaie iB-
Jection in doses vexying frem 0,625 10 0,19 gresefdsy. Exman toxicity
iaforzation te not cvailedle, but prreonsal involved In the monuleg-
turing process who have b2an exponed to this herbieids ever loog periods
of time feel thet the toxlelity cust be relatively lov.

Asute orel toxicity (LDec) of ezcodylie ecid 4p Teis 1s 1400 ng/
kg for males end 120 rgfuz For feosles, Siin tests o sibino rabe
bits with cacodylie ezid atcel? prd e comearelel formaistion of ctod- .
- @ylie cold were found 40 be escyantislly roa-irsitetirg o the ekine.
Cows fed 24,5 ncfrz of cacodylie acid dxly 4n a £ ézy fecding test
shoved po arpenic fn the nilk, but avsenie ves excretsd, prineipeily
. 48 the urine, After 30 doya, the enomt ingasted. vas balerced by the
mmount excreted. The cows were soepifinud efter 60 dovs and ten tis-
sue co=popents end Twone wvere sxalyzed for ersenic, Y2 tissues stored
arsenle scopounds et & coauletive basis even thorsh Srzetiopz) paste
per million of araeufe were dctected in the liver, spleen and pescress. -

Fish ere able to vitkstend eoneeniretions of cazadyile ecid of
at least 100 pro for 72 touwrs. The LD:O for Ge=tosis ead Hotrophis -
yas reported to be adout 631 §im for 72 howe. -

Pirz shrizp, eostern ovstars and lunmose K111174sh were nble -
2o tolerate L0 pio for L8 hows with =0 ffects,

A reviev of date on the reloblonsdip Litwest preesfesla =i ecan -3
¢er Bas shown no greater ircidence of cystenie cenear im hvesans for ’
those frdividuale who vere expaced to srgeniz tei=!22 cver long per-
iods of tlme thon for thege who were £ot, EHowsver, iirre 48 ore
;epo:t that icdicates that ecacodylic ceid, whea ipjecied into mice,



. .
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produced “profourd disturbacces of cell division” eand stinclated mt-
tosis in cells of the ctypts of Lisherkueha and of transplanted
twmors. - .

Exposure to tedpoles £o 100 ppm of carodylic acld (equivalent to
270 1bfacre foot of uatex) produced abrerwalties dwring esbryonic de-

velopeant.

Siner cacodylic acid is currently being employed 2t a rate no
higher than 9.3 1% per acre, it {5 safe t0 assime tiat there will be
£0 harn to man or enizals at these use rates, The Righ telersnce of
Tats, other letoratory anirmals sad fish to this herbicide place it
in & safer category than herdicide ORANGE,

HHITE

TORDOY 101 mixizre which {8 composed of 2,4-D =204 plelore: 6s
the tri-isopropanaliaine salt 18 the most recently introduced hezbi-
eide in Vietnan. :

The toxicity of 2,4-D hat been discussed mmder CRATSE and w11
oot be repested here, However, singce WETIT insludes surfectants and
other sdjuvanis, toxicologicel data oo the actual agent hae bees dee
tarmined as well ar oz piclersm alone.

Y

Pieloras has en orel LD—)Q for rats of £200 ngfug: for mouse 20003
guises pig 3200; raibit 16707~ 2000; shesp D 650; cattle > JE8,

For TORIDON 101, oral LD, for rat bas been zeported as 3080 mg/ks:
for sheep 2000; for cattle > 3163,

In & feediog 125t with a cov, 97.T of the alministered picloraa
m xz.vered uncheoged in thw urine. %o plcloron was detected in

The pedien tolerance lintta of TORDCH 101 tn f£ish are as follows:
fathesd pinnou, 64 7m; brook trout, 240 pra; brown trout, 230 pr=;
rainbow trout, 150 ;m; green sunfish, 150 ype. .

, Thus, 1t 13 arrarent tha% neither picloren por VEITE is %o be
considered toxic or kazardous t¢ hizans, anizals or £ish at tbe use
rates being e=ployes in Vietzza, '

< . } .

"
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The persistence 1o soils and vater or'thc three principal herbi- .
cldes, ORANGE, WHITE and ELUES, used in RVN defoliation cperstions has
been evaluated. .

2,40 apd 2,4,5-T butyl esters in agent ORANGE are not persistent ¢
in soil. Microdial decouposition takes place yapidly and the chenicals
disappesr ip ope to thres ronths at the rates of spplicatioca used in
E¥d, Germipaticn testr of Dlack Vilentine besps ta #0ils Ifrom aress
is Biea Eca mn2 Sich L tg Provinces vhich had deen defoliated with
CRANGE fp 1956 shoved 1o residual effects of chemtcal. -

Agent VETTE, containing s mixture of piclerss and 2,4.D acines,
shove grealer poraistence than ORASGE due to its Jower rate of nicro-
bial degradatiocs. la Puarto Rico tests, the zoount of che=icel remaine
ing & to 12 ooathy after direct epmlication to the soil of piclorea in
wounts § 10 6 Simes preater then that used in BVE 2sfoliation operas
tions vas {nsulflfclent t0o cause iejury to plantsd srcpy seedlings of
all dbut the most gecEitive crop, soybeans. As eonfiroed {n bean seed-
1ipg tesia oa reils “rom two RVE p=ovinces taken froa 1560 and 1657
defoliatica tmrs2%s, 1o percisiesce ¢f herbicide wves fotmd 11 to 17
toaths after sinsle ard doudle apzlications of WTE. It is concluded
that despite ihe gre.ter parsistesze of VAITE {o woils than ORANGE,
the resldua) szounts are pot detrizental to crop grovth in spreyed .
ereas in the crop stison following defoliation. .

Agent JCUR op cac0dylie acid i3 repidly obsorbed and fnactiva-
ted ip solls. Tield tests have ebdun that suseepiitle crops can be
Planted direstly in 301ls uithin & fev days after application of cocw
odylic ecii et rates greater than the 3 gallons per ecre used in RVG,.

Ho direct evidence has bLeen found of persivtecee of toxic recis
dues {n porfese dretrase end ptreesflow follcuing sppliestions of -
defolienta iz W1, Ctreenflow exelvsis in Cregon esd otbher US loca-
tions ben skovn e raptd dfssipatisn o2 2,4.D ead 2,%,5-T = draicage |
‘waters fren eerisl sproy evplicasliosonc on forested areas, Ko detri-
penptal effects ¢n firh and other escatie orgenisss were poted in
cireeus 03 Fpreyed ereic . Applicesions of 2,4-D mad relsted herbis -
cides are made directly into strecss end reserwoirs for aceatic weed
coptrol in towperate slisates at rstew copsidereidy higher then those t
weed for defolistion of RVl verstetion without detvizspiel effects ot
oz fich end otder agustic orzanisss or {mpeirmest of vater quality, '

.
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In viev of the minizal quantities of herbicide avallable for
surfase ruoafl into woterched drafregss end stresuflous from defolisted
areas doe 1o recoval by vegstetioral interception, eoll ailsorption and -
tho repld chexieal msd photochemiesl decozpesition and cicrobicl de-
gredation in eolle, it oppoars extremely unlikely thet toxie s-ounts
of chenfcal will cecor ip drainage wvaters from defoliated aress,

e
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The persistence end degradation of herbisides are loportant en- - .
pects in mn unlerstarding of tae ecological consequentes of delolic. . .
tion, The heavy rates of nerbicide wpplicetion used in defolietilon
1{n RVN kave caused concerp & to the persistence and subsequent e/- .
fects of herbicides in soils and drainage vater.’ .

The herbicide reaching the soil surface followizg follage aypll-
eaticns are sghject %o: ]

1) Lenching or transport in veter dovnflow in the soil,
{2) Surface ruiwoff into drainsge channoels and streans,
. {3} Degradation by photo.decocposition, chemizel breakdown axd
microbial degradation.

Toe rate of leachivg 1s influsnced by: "
51} Solubility of thz herbdicide,
2] Effect of adsorpiion of the herbicide in t%e soil as related
to aeoil type.
{3} Clizatic conditions, particularly raiofall and temperstmce,

Herbicldes ip #)ils ere further subject to loss oy decorposition
or degredation by chmical Ipndroiysie esad by asicrobislogieal sctivity.
The pet ezount of terbicide re=aining in eoils or otlar substances
after burbleide applicetion 1s thrs subject 10 a complex array of vars
iables, .

Objective of ke precest dfscussion 18 to evalmie the availeble
iafornation on persistence of the three pnajor heriicides uwed 1n RVH,
CRARGE, WAITZ end ILJE, in soils and weter.

Peraistence in Soils.
CRANCE

The butyl esters of 2,4.D and 2,%,5.T, comprising hevbicide OPANGE,

are reletively ipsolible ip water and resist washing from plant fol-

"lage, The exount of ORANTE resching the eoil duricg zprey sprlicss

tionc ie inflvenced Uy the denwity of vegetation cover and th2 e=ount N
of vashing of the berbleide froa follags by precisitztion followvicg

spray eppllcation. 'JRASGE retaiesd on either folimse or soil surfece !
i3 subject to decmposition by sualighs,

Data eveileble on persistence of 2,4-D and 2,4, 5-9 eaters ¢n
soile freo Sheets end Herris (1) {nlccte trat residml phytotozielty
fron 2,5-D et epplications up to 40 1b/a_cre peraisted sbout one ronth

L}
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1n greenbouse tests, In field tests, & 5 pound application of 2,k-D
-lasted ope conth while similar rates of 2,U,5-T ester peroioted. for

three moaths, Lov colsture copditions end lov tecperaturs pay extend

the period of persistesce, - .

Povey, Miller ud. Diu-célon (2} 1p stuiies eonducted in Puerto
BEieo of crop seedling growih in scils following sgrey applications of -
3 gal/acre of CRAGGE on Guava found that the herbicide persisted for .

ooly ore to tvo menthe in #51ls ariar berbiziis sgplication. ¥

Naserous {avestigations have shoun that the 2,4.D and 2,%,5-T
esters in CRANGE are re-siily decoopoéed by nicrobtolegical activity.
Audug {3) etates that 2, %D ig the least persistest of & lerge nucber
of herbicidec favestigated, and detoxification Zue to microorgsnikes
vas found to oceur in L6 to 9% daye depending vt soil type. Briwo
snd Mitchell (5} in 1938 poipted out that the dissppearance of 2,4-D
in soils was favsred by bizh temperature end by Mgh uwoleture and or-
ganic contents; sterilization of the soll led to greatly reduced
rates of detoxifiestioz. 2,5,5-T esters react ima similar seoper.

“As & part o/ the current investigntion in R¥Y, the residieal ef-
fects of ORANIE 4nd WETIZ vere studied on soils frxcn Blen foa and
Bioh Long Provinses by evalustion of Black Valeaifre bean geedlings
grovn 1o eoil mriooles from defolisted and untrested areas with sini-
lar soil erd wegetation, Eeen seedlings were goosg for & period of
9 days {n s0i) s:=ples frea 0-3", 3-6" and 6-12" &ptbs. Ko residual
effects of CAIT2 Lerbieide were found 4n eocils fun areas treaated 1o
single applicetisns in Septesber 1956 erd with two spplicctiops in
Rovesber 1556, Atte=pis to secure soil semples from arsas dofolinted
in 1957 wers meuccesaful due to lack of sectrity in potential aites,

It is concluled that under tropicel conditioes ig RVN, vegetated
areas treated with CRATIE at 3 or 6 gellons ter ecve show Do residusl
effects of bEerbiside ia eoll after a periud of several montts, although
- the linited date on s0il persistence vere teksn om arezs treated core :
than 12 mooths previoes, The relatively rapid recovery of uaderstory -
vegetation e£d establisiuent of vices and pew plests on defoliated

areas poipts to the rapld disappearance of ORAIGE from eoils of defol-
fated ercaa, )

WITE : .

Agept WEITE coniists of e mixtice of 0.5% 1b/ze) of plelormy end 2.0
1b/gal of 2,L-D s tri-icopropencicaipe salte im & vater solution.

. Aa previously rcted, 2,4+-D formulsted as enter op emine s readily
daccoposed in scil duz 1o nleroblologicnl end chestesl bresxdown.
Picleran or SC2I0T (4eemino-3,5,6-trichloropicsitaic ceid), the other
phyto-toxic corponent of egent WAITE, 1s characterized by Migh

PRI
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polubility {n wvater but 1s relatively presistent to mierobial decon-
position me coopared to 2,4-D and 2,4,5-F. In the scid form, piclorsn
Bas s solubility to 430 ppor in wvater &2 259 C; the trilscpropandlsmipe
salt of piclorsx 43 Bighly scluble (S). - )

AB & copseguence of its high solublility. in woter, agent WEITE ie .
readily leached downverd in 601ls esd berbicide resaining oo foliege .
after application ney be washed off ecd becowe lncorporated into the

so1l, The eccunt of herbleids which reaches the growsd swrface for .

{ipeorporation fnto thke soll is etreegly influenced by the density of

vegetation sover, Yerkls, Dovey and Fall (6) reported that only 10% ¢
of TORDON applied to & deuse vrgeteotion cover of live oek in Texas

actually renched the soil., TUder muliiple cenopy vegetation in RWN,

the erount of zetive WHITE reachibg the soil during eerizl spplication

¢r io subsequent waskofs {rom the follasge 19 undochtedly of s low :
order of megnitude. .

Picloren or TTRDOH 1s ebsorted rapidly by foliege, and trensloca-
tiob inte tke reralcing parts of the plant takes plece rapidly even
thougk defolistion sy=ptoms develop slowiy (5), . :

Ficloren exposed to sunlight an? uliraviclet light mmdergoes
degradation ecd less of phytotoxicity, further reducing the gmouwnt of
residusl herbields ip seils {5), Techirley {7) reported that 60% of
Egcloran evposed ia thin layers %o utlreviolet lipht was degralded after

houra wheress 357 vas degredel by sunlight; efter seven daye, core
than ¢0% wes degraded by ultr?violet 11ght end 655 by sunlight.

WAITE or picloma {8 leached cost rapidly 4n eandy or cediim
textured solls. Ia leterites, claya end soile bish Az orgenic matder,
adsorption of the chipmical results in reduced retes of lesching., Pene
eiration to depths o 2 to § fesl are reported im poet solls elthoush
in cley soils vith L. .zh organic cstter, the chemizal 4ends to stey ino
the upper 6 inches. Tochirley (1) rerorted on vesetation responses
and eofl residues fo lowing pieleren erplications 4n Pauario Bicp at
reates of 3, 9§ and 27 pounds/ecra on thres clay enl eley lcen soils.
At 12 months after mplication of picloran at 9 13/ecre mnder yesrly
rainfall of 05 to 126 ipches, residues less than .005 perts per
millien (pr) vere fvzd througtcut the & foot eoll Trofile. OF the

o

. erops grown 18 BVi only soybeess would be affected by 4bis residpsl

amomt of piclerez. The dosage rate of plclorem {J lb/ecre) ip the
Puerto Rlco tests ves aix tinzesbeavier than that in RV defoliation
using agent UVEITE, . .

In other tests ‘n Pnsrto Rico, Bovey, Miller snd Diss-Colon {2) .
grev seedlings of Ifise crop species 1o surface solls followtang follage
epplication of plcloven on Guava at 6 lbsfasre, Al ercp sprcies,
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-mcluﬁing soybrans, could be safely planted six mocthe after plcloram

treatzent withort sdversely affecting growth. Soybesas exre one of the
most susceptible plants te plelorem with 90% kL1 in treatments at
0.006 ppe: prior to seedling emergence. By contrast, germinating rice
18 killed by 0.75 ppo picloren in solls, snh arommt 125 tices as great -
as for soybeens. In these Puerto Rico tests, 23 laches of precipita.
tion compleiely re=oved phytotoxic amousts of piclorac from the soil.

Stmilar eveluations of residual phytotoxieity from WHITE vere
pade §n March 1653 frea two locetions 1o HVR on sites trseted with
siogle applications of WAITE in Novezber 1966 and April 2567, and of
double treatzents in August 1566 and January 1957, and ip Jenuary end
April 1967 represepting rates of 1.5 end 3.0 lbfacre of picloras,
respectivaly. Lo phytotoxic effacis were Obtained oo G-day-oid Elack
Taleatine been Plasts froz residual ecounts of pieloram in soils X}
to 17 coothe after defolistion treatment.

As indicated in the &iecussics of ORANG® persistence, np receat.
8031 sazples of areas treeted with WIITTE were aveileble for evalus-
tion,  Calidration tests of Blech Valentine berens at Fort Detrick show
that 0,025 pra of residusl ptleloren ie letkel, and reduced grovih mey
oecir at rotes of 0.C05 pr= as in soybescs, Froo the linmited data
available, zreas trected with WEITZ shov no toxicity to the post sen-
sitive cropy 12 moathe afier defolient application. :

H v

Cacodylic acid or azent ELUZ 1s papidly de-nctivated {n contect with
soils and cawdss o residueal toxicity problex froa applications at
rates used in ROV,

In tests riporied by Ieaan {8), alfelife and rye grass planted
vithin throe duys after application of cecodylie acid at 5 1b/eere
shoved no Lnhibitlon of grovih or residus of arsenie {n ¢rop yields,
Wo arsenic residuas were found in grapefrult efter spplication of 10 -
1b/acre of cacodylic ecid, Ia similer tests with the clossly relsted J
compound, d1scdii nsthone arsenate (D), at 9.5, 31,5 and 63 1b/
more, cotton, soybeans end sorghea planted op the day of treatcent
sl developed normally, |

Cacodylic secfd 15 strongly adsorbed end {nogtivatzd by a vide
range of soll +y5es, In lerching teste with 60 {aclcs of water folw
lowing epplicziicn of 15 1b/ecra of escodylic acid, only $4 lesching
occuzrad in eecd and 65 in eendy loa sofls. This lov rete points to

" the blgh rate of edrorpilon e=d iztetivetion of cecodylic aeid in cost

soile, The extent end rate of inectivetion 1s related to tha ezount
applied, soil celsiure content, rainfell efter spplication (whieh
baateps the pats of insctivation) end soil fops. At usual rates of
erplication, fncetivation is prectically ecoplete in shout one wezk
in most soils. Bocause of tuls ipnetivelion, cecodylic ecld shovas
negiigibie herbicide regponse on subseguaat planted cropa,



TARLE 3
Persistence of Serbicide in Soil Rorizons of Dofoliated and Untreated Areas
In Bien Hoa and Biph Long Provinces l
Bloastey with Bleck Valentine Bean Scedlings

BIEN JoA fRovince &/ .
' EFRDICTIE RESPONSE IN 00IL EORIZON

HRERRDICITE DATE mﬁmu PEFFECT SOTL, Tl 0-1" ‘ 3.4 £.12"
1, ORANGE Sep 66  Crnopy deed. . Some Crey brown NoGs KONE MoNE
urdergrowth. aandy loam .
2. HONE - - I.ollov brova » * *
_ sandy lonn
3. WITE Apr 6T Top canopy bare. Tcllow browa . .
——— Regrovth in lower sandy loanm .
Conopy. Donce o
. l\ndermvth.
4, wON: T - - Black-brown - . . .
- . 2ilt loan : : .
. ‘ ' : ’ s
.5, WaOTR Jan 67 Kot noted, Yollow broom  * L. ) .
[ ] *  sondy loanm
Apr 67 . : . ¥
6. WRITE Aug 66 Cancpy bere, Vine Yellow brova * E .. .
& regrowtb, Brush & sandy loom
‘ Jan 0T  groca undergrovih,
E 7. woNE - - Light brovs  * . -
i

sandy loam

.

+
-
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ORANGE

ORANOE

HERDICTIDE  DATE:

flov 66

2 MNov 66
&
15 Fov 66

BOw 10w Frovpice b/ |

DEFULYATTION EFFRCT

Canopy 90% defolle
nted. Undergrowth
dense, .

Crnopy 90% defoll-

ated, Undergrowth
denoe,

Area Rome-Plowed
and burned oae year
after sproy. Snoll

shrubby regrowth.

501, _TYFE
Grey bhrown
pand

Crey broun
pand

- Grey brown

sand to
sandy losm

drey browm
onnd

8/ Bien Foa Proviasce, 5-8 kilometere ¢ast of Long Biah,

b/ Bich Long Province, 20 kilometers south of An Loc on Bighusy 13.,

RERBICIDE RESPONSE XN SOIL RORIZON

037 _q-6" -
KORE RONE KONE
- " "
" " L]
- ] o
gemnipation

*2
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Persistesce ip H;te;, - -
SRAISE )

The accimulations of defeliant herbicides in eurface diainages and
their possible persistecce in siresms, lakep and reservoirs bave been
presented eg a poteptiel cutecme of large.scals defoliaticn treat-
ments,

LAmited data are available on the e=sunt of herbicide in streeme

apd vaterghed drainezes following berbicide spplications of forested

1ends and fron direct application of herbicides in etroans and reser-
voirs, - .

Tarrent snd Horris {9) reported only & light end short-lived
econtanination of stress water inm Oregon as a resvlt of eericl sprey-
ing vith 2,b-D acd 2,5,5-7 6t 2 1b/cere, The cowmt of cheaiead in
stress vater irmodiately after eerial epplicatios ranged froem 0.2 to
70 perts per billion (ppd) but dropred to 0.2 ppb within a few days.
No effect of herbicids ves noted frca these concentrations on selnon
fry or streza bolten orgmnisss. In other evalrations of Lerbicide
content of strean dvairoge reported by Houne, et 2l (10) follewing
serial eproying cad beszl sten troat=ent with 2,%4-D end 2,4,5-T at
3 1bfacre, 1o trzcel of berbicides vare forsd in streanflow, and
only traces in £oils ai B days after treat=ent. -

Ertensive vse of 2,5-D erd related phenoxy herbicides hae been
made for centrol of agratic wvesds in direet cpplications to strecza
and lakes without barmful effects on fieh and pgustic organiscs.
Smith end Jeon {11) beve reported no adverse effects on aquatic or-

sms or water gquality frem epplications of heavy Tates of 2,4-D
£k to 100 1bfecre) £nle directly in the water o TVA reservoirs.
These ratsg grentily exceed the 25 lbfocre ecid ejuivalent of 2,4-D
and 2,h,5-T vsed & RV defolietion application, Recccmended prac-

ticea for equitic ured centrol in teperate reglons incluie 2,4-D
&t & to & lb/ecre ezd the relatui phemoxy cozpound, 2,%,5-T2 or
8ILVEX &% B 1b/ecre which represent cafe dosege limitn in terms of
effects oz anvatie orgaoicne, fich end water quality., With dile-
tion freo normal ralofell end watsrshed droionge following defolia-
tion operations with CRAIGE 4in KVil, the dogege levels in drainmges
wotld be susstantizlly belov tazlc levels for fish and egquatic or-
ganisms, - .

Thars bave been no reported instencas of £3sh ki1l or reduction
Lo fisd catch in inlecd ead constal wocters in South Vietnza as ree
ported by the RV Deparizant of Fisteriea, Althouzh ¢irset evidence
of berbicide residuis in eirecas epd vaterways of RV is not availe
able, fcdireet evideaza poiunts etroazly to the coaclusion that mo
harnful ecolojierl cocsiguaness have rasulted froz ths vse of ORLGE
snd otber ds=folianis ob forsct vegztation in RYVI.
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Little information is anunble on the persutemof SEITE or plelor~’
aE residues in a vater emrix'onaent.

Degradation of piclnran in vater by sunlight is npor:ed by Bouse,
2t a (10) to emount ta 0.0% of 0.5 1b of piciorafacre/day at sclue
tion depths of 12 feet to 0.1 inch., At low conceatraticnos, thbe yate
of decooposition appears to increese wiih increasel depth of veter.
Further, in deep vater, rate of decoxposition 18 mowe sapld when the
vater is circulating than vivn calm. .

With the high degree of solubiliiy of agent VEETE in wvater, sur-
Tace vashing intu streans ard drsinage chancels voedd porvelly lead
to rapid Aiffusion end dirsipation below Lizits which could affect
vater quality and toxizity to fish and squatic orgatscs. Thos the
coobinstion of Bigh soiubility and repid degradatias of piclorea in
water a0lutios by sunlight would tend to cause rapidf disappearance of
WEITE in water and lack of lothal residuss,

Cacodylic actid or sgept FLUD contains 3.1 1%/gellon of sodium caco.
dylate and eacodylis ecid 1in & vater solution. . Bersmiae of its high
solubility, cacodyiic acid is readily diffused in a waier enviroament
and thould rapid:y dissipite {n norpal strean flow.

Felloving thie use of ELUZ in foliage spray amlication for des-
tructicn of rice erops, the resideal cacodylic scid will be rapidly
adsorbed by soll as 1micate:1 in the earlier discessiom. Although
some varieties of rice are killed with cacodylic scid at rates of
0.5 to 1.0 b/uc-e in follage spray eopliceticn, teses st Fort Detrick
have shown that :-ates of 16 lb/ecre and higher ere required for kill
:{ paddy rice uhm the herbicide 15 epplied ic vater under fiell con-

tions,

Leeching and transport of toxiec residues of HRZ would appear
o present no bazard to aljacent crops or deleteriscs effects on

 uater guality in stresaflow or irrigation vater fro= treated areas.

-
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™o of the three berbicidss cusrently in lerge-scale use in Viet-
pexE, agentt EUUE exl WIIUEZ, ere aqueous solutioni of valter soluble
solids, The active fzgrodieats ere pon-volatile, sad therefore there
{8 no vepor haserd eczociated with thelr use,

Athoozh CRAIZY 10 classified se a volatily Rerblelde Yr plant
phyeliologists, the plysical ¢henist regards {t as essectielly coae
volatile. Iomass erieiry fvo= {8 vapor in defalletion cperations 1in
Vietnsn ere pot e!gaificant, These hatevde ave sdequitely controlied
under curreat teclzniques of appliceticn.

e i e bl P ..-J
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. JOTETIAL SACARDG OF NERBICIDE FARORS

Tvo of the three hericides currently in largeescele use in Viet-
pam, sgents RLUT and WHITZ, are sguecus solutioas of vater soluble
solids, The sctive &ngredients are non-volatile, and therefore there
18 po vapor hazard sssociated with thelr use.

T In the field of vegetation control, ORANGE is regarded as m vol-
atile herbicide. EHowever, the physlizal cheeint would regard it as
essentially non-volatile,

Table 1 shove the crorarative voletility of dutyl 2,4-D and other
comman chemizals, The tolazility of OPATCE 15 assumsd o be esseptial~
1y the same =3 that of butyl 2,4-F, & cosmponent of ORARSE. Values in

the table ore the tespersiuces at whieh the vepor presscr2 of the cater-

1al equals 1 m= of merewsy. A high value, such a8 that of butyl 2,L-D,
thus represeass lov voletility. »

. Severity of plsat restonses is a fuactiso of vapor concentration
amd tize of exposure, Vepess can avise froa the spray dreps regard-
less of their locaticn. The fate of vapors arisizg ino tte following
situstions ere cozsidered ta this stedy: (a) dirlpg drsp fall fwon
the sircrass uiler lapas u~d inversion condditionsy (b} from herdiclde
detosited on tie wpper gancpy; (c) from hesticice deposited belov the
Upper ¢anopy.

Since the veoor pressere of ORANSE §s a0 lov, and siace approxi-
mately 979 of the spray voliz=e te deposited on tre groo=3i or vegeiation
1o less than oze zipute 23llowizg relesss fron the alrerseft, it is
coacluded that the juuntisy of vepor released desing droplet descent
Sepresents a3 extrecaly szall percentage of the entire zass of herbie~
cide sprayed, .

Since evaoratica ts a funetion of surface ares, 2ost of the va-
pors that aris: dizing & sarsy cpsration will coce frea the small
drops which present the lavzest eurface ares; Lovever, the percest of
the %20tal cass of herblcids that consists ef drocos 100 stierons or
smaller {5 less than 1%, Therefore, the vepors arising from this
sowee during droplet dess2nt vorld be an extremely ssail fyration of
the trialnacs of Rerbiclile relensed,

The vapory, teing gassous, boheve ip mecardence with the lswe of
gasecus diffvs.on end unise inversion econditio=s tend <o f111 thre en-
tire cpace betveea the Loston of the inversios leyer and <he ground.
This diffusicn results i3 diletica of the vapors, thus reducing her-
bicide vapor hazard, The rate of dovowind cove=snt of vepors, and

!

J



Relative Veuatility of Coron Chepfeals®

Temperature st vhlch vipor presswve equals 1 == of percury:

JUBSTANCE TIMPISEE O¢

tister : -
Buiyl Aleckol -1

Btayl Clyesl ‘
(prrasnent &ati-freeze)

HMaphthalese
{22244 moth bells)

. Bexsehlorobenzene
Eerosena '
¥o. 1 Fuel 01) -
Olycerize
Butyl 2,4-D
W. 2 Fuel 011

EEHEEE v v

'* Data from Eandbook of Chemistry and Physies
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therefore the duration of exposure of plants to the vapors, i depen~
dent wpon vind speed In the firet fev minutes subaeguent to spray
release. While po quantitative data ere avcilable, it is our consl-
dered Julgecent, besed oo the adove ressoning, that vepors arising
during the actual spiey cperation, as usually cerzied out, can te
Aisninsed 25 a soires of herbicide for crop datage outside target
areas, .

If lapee conditions exyst during tbe spray operation, vapors
produced st that tioe will rise above the vegetation in convection
eurrents, becoze diluted in the stmosphers and thus he removed as a
potentisl ercp harard.

Under peatrel coriitions, vhen there is no verticel alr zovezent
dus to tesperature differences, vepors of CRUNE will e xffected in
the saze pancer as usder inversion conditiona excepi for the upper
Umit of A12fusion, Since there is o inversion cep k=der neatral
ecopditions, the vapors will te unrestricted {n thelr chvard zovement,
but dovnwerd movesent toward the earth will also oceour,

© Bince there {3 ro vertical air covepent uoder peutrsl conditions,
the diffusion rate will be cmuch slover than coder sircog lapse or ine
verslon. The varors will €111 a large volim: of eir e=! thus beccme
more diluted, but 2 longer period of tioe wvill be required for this to
OSCUT. <y -

~ 1f there {3 wind duripz thie pericd, th: vapor clowd vwill move
with 1t., Lowvever, there generally is s cals period ducing neutral
conditions when the chanpe-gver from inversiss to lepes oceurt. Thisz
geaerally lesis for about an bowr, During tits perlod the vaper clond
vill rexain stationary or mestly e0 within o> sbove the sirayed erea.
If there sbould be a slight breeze (2.3 mph), the ¢loc? would pove out
Of the sprayed area and cocld effect plents 2-3 miles irmediately doun-
wind of the target. Plast de=sge cight oceur toder thase clyvr=stichces
L2 the copceniration of tke vxpor and the exjosure tize vere sanffici.
ently great. . -3

Freguently after the change.over to lapse, vind speed ipcreases,
thoa reducing tize of erposure to erops. . '

The greatest hazand of vapor damspe cccms mder ceutral conditions
and pear-caln winds, Hovever, only erops vithin 2-3 miles of the tare
g2t vill be exposed for & sufficlently long tariod of tize to be af.
fected, For this reeson 1t is sirorngly recoi=ended tiat apray missions

be carried out nply under doversion copditions insofer as the tactical
sltuation perci:e.



Vapors from the herbiclde deposited upon the upper layer of the
pight also de considered a pobsidle hrzerd to sensitive crops
outside the spreycd area, .Eovever, absorptiot of berbicide QRALGE
comences alzoat ircedistely voos beinz deposited oo & leaf surface,
and a lethal cose can be sbsorbed within e zatter of minutes by ssall

. astively growing broadlesf plante. Absorption of the dropa falling

on the vppar cabopy resoves acme of the herbicide from the leaf sur-
face, but the unsbsorbed portica L8 subject to eveporstion, yielding .
woknovn quantities of vepors. However, udder faversioz conditions,

" wapors will filter down to the ground within the jungle, end cnder

lspss conditions they will rise above the canopy and be dieeipated,

The drops that filter dowvn into the jungle and ave intercepted
at intercediate ani lower levels relecse vmpors, but these are en-
trapped "in situ” since there is very 1liitle, 1T cxy, borirontel air
Bovement vithin th: Jungle,

Vapors that ave relessed vitiin the Jungle comtinue to be abe
sorbed by the planis in the sprayed ares, this surplesanting the
effects of the herbicide that wes absorbed frim the liquid drops.

Several days after sprey erplications bave been mede, 1t 1s poss
sible to datect thy odor of herblefds within the gpreycd mves but not
outsfde 1t, It Bes boon obrerved that brocdlesf plests 4p s4jacent
unspreyed eress bare ot shown herbicide respoares, indicating abiance
of slgnificont letrrel covenent of berdlelds vepozs within ead out
of the Jungle.

oM

Ope of the awthors has photograshed rrbber frees that vere apreyed
with GRATGE., The rvath £8 quite distioet vith £ ehosp line between the
spreyed end wnspraged ertod,  If woletility worr & errlous hazard, one
would expret to cec a gridaticn of effects betwex the spreyed and une
sprayed exrics A3 vipord released froa the fpriyed mrea Erifted toward
the uvosproyed evea, Simce edber {8 censitive t> GRAITS, one can ¢on-
clode that tzere wves po lateral wapor moveliant er tiat the vapor code
cantretion vog m;mm;a %o foduce plent resgooses,

The crop desegs that is ettributed to herdefde vepors 1o the U8
oceurs mder differsnt conditions. Generally the vepstation that 18
spreyed 1s ot ee tall or dense &5 the Vietnooesr jmasle, In sone
ceces the cpreyad eras risht b ezother orop suelh as riee. ¥Noveosnt
of vapors frea vegetetion petterns of this tya sza ocowr nore raadily
then frem doase Jue:le, 2_are:r;ar, ool of thr éuvase that kag been
reported hos bren €y eutlon, vihich o Injured at dosace retes es lov
a8 0.1 1b/A of 2,4 vion {n exrly sidzes of dewelormont, Frequantly
with Jowsr daz2a or at later siarnsz of devalerzaat, cotion will show

sevare leal raltom';tiuns, but yleld of sced cottea will not be
affected.
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