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REPORT ON THE HERBICIDE POLICY fiEVIEW 

This Roport -was prepared at the direction of the American Ambassador 
to Vietnam by a special Committee representing the Embassy, MACV (in­
cluding CORDS), USAID and JUSPAO. 

The Herbicide Policy Review was part of continuing efforts to as­
sess the efficacy of herbicide programs in terms of military benefits 
to the Allied Forces--South Vietnamese and Al!lerican as well as those 
of the other Free World nations--as compared to economic costs and 
possible ecological effects. Additionally,'the Committee was charged 
with examining current procedures and techniques employed in implement­
ing the programs with a view to possible recoJlllllendations for changes 
and improvements that would help maximize the benefits and minimize 
the costs and ecological effects. 

The Committee conducted the review during the period ~ch - May, 
1968. Findings and recommendations were based upon information obtained 
from a wide range of docUlllents, the testimony of many Missi<iawndllt.&ry,o 
and civilian officers, and the specialized knowledge contributed by 
four consulting scientists, thl'ee of whom were especially brought from 
the United States to participate in the COJ!llllittee•s work. 

The Commander, US Military Assistance Command, Vietnam,d;he 
Minister Counselor for Political Affairs, the Acting Directo:r,· USAID, 
and the Director, JUSPAO, concurred in the Report of the Com$ittee. 

The Report on the Herbicide Policy Jleview was reviewe'1 ~ the 
Ambassador and approved by him on August 28, 1968. 
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li.EPORT OF THE HERBICIDE POLICY REVIEW CO!OOT'l'EE 

Princ~l _ _Findings and Recommendations* 

Overview 

From a military point of view, the UJ/GVN herbicide program 
has been successful. Its military benefits, especially in 
defoliation operations, have been clearly demonstrated. 

As with other military activities conducted jointly by the 

i 

US and GVN in the prosecut:.on of the war, however, the herbicide 
program carries within it the potential for cai.tsing serious adverse 
impacts in the ec1nomic, social, and psychological field. The 
program has therefore been conducted from its beginning in late 1962 
under an elaborate system of policy and operational controls. As 
a result, these effects have not been permitted to develop 1.nto 
serious policy problems. 

Nevertheless, the program has incurred substantial costs. 
Some of its economic costs, as is inevitable in war, are sizeable 
and involve permanent losses. It is within the capability of 
the US and the CNN, however, to reduce and even eliminate some 
of these cost by-products of the program. The psycholot;1.cal costs 
of the program have not been serious or unmanageable, however the 
public affairs efforts in support of the program could be considerably 
improved. 

The management of a program as wide-ranging and requiring, as 
it does, the participation and specialized knowledge of so many 
people in different places, is bound to create problems of policy, 
administration, and communication. There have also been problems 
stemming from lack of detailed information in certain key aspects 
of the program. 

In weighing· the overall costs, problems, ancl unknowns of the 
herbicide p;ogram against the benefits, the Committee considers 
that, on balance, the latter clearly outwei.g~ the former an~ ~hat 
the program should be continued and refined in accordance wit,1 t~e 
findings and recommendations contained in this Report. 

lfAll of the Committee's findi.ngs and recommendations.are presented 
in detail in Sections A through G. 
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Principal Pind1ngs 

1. Defoliation. The defoliation progl'lllll has been inatl'lllll9ntal, 
and at times decisive, in ovel'Oaning the difficul1:7 ot locating the 
enemy in heavil;r forested caabat zones. It has thereb;r helped enable 
Allied fol'Oes to maximize their advantage ot aupel'ior aobili1:7 and 
firepower. It has also enhanced the aeourit;r ot Allied lines ot 
communication and facilities b;r helping to elilllinate ene1111 ambush 
sites and b;r providing defensive fields of fire. Thus, both 
offensively and defensivel;r, defoliation has reduced the number ot 
men and the equipment required tor combat missions, has protected 
war materiel, and most importantl;r, has helped to save a&llJ Allied 
lives. 

2. EconOlllic Costa. The defoliation program, however, has 
incurred some substantial costs tor the United States as well as 
tor the people and Government of the Republic ot Vietnam. 

(a) Large stands ot mel'Chantable timber in War Zones C and 
1D have been damaged and •111 trees killed. '1'he forests of Vietnam 
are one of its most important renewable ratural resources and 
future soul'Oes ot emplo;vaent. Repeated application ot defoliants in 
these Zones could serioual;r retard regeneration of these forests. 

(b) Damage to crops in III CTZ has been attl'ibuted to 
defoliation operations. Purther investigation indicates that these 
crop losses resulted from a combination of cauaes including plant 
diseases, lack of effective tanner care, herbicide drift, targeting 
and navigational errors, abortion of spra;r missions, and detective 
equipment on spra;r planes. It has not been possible to detemine 
how much defoliation operations have been responsible tor this 
damage, 

(c) The alleged threat to the life ot the rubber plantations 
in 1967 did not materialize. · 

3. Ecolofcal Consequences. The ecolo~cal illpact ot herbic:l.de 
operations to te does not appear to be serious. The herbicide 
program has no effect on precipitation, caused verg minimal 
latel'ization of the soil, and apparently has had little or no 
effect on 111icro-organ1s11111 in the soil s;rstem. It haa killed large 
stands of mangrove which Will probabl;r re ... atabliah tlliellaelves 
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in about 2•J years. There has been no apparent effect on fish. It 
has probably caused some reduction in the number of birds and inver­
tebrates living in the mangrove swamps, Semideciduous forests, 
especially in War Zones C and D, have been severely affected. The 
regeneration of these forests could be seriously retarded by 
repeated applications of herbicide, A few rare animal species may 
have been eliminated from War Zones C and D as a result of overall 
milHary operations, 

4, Crop Destruction. Crop destruction operations constituted 
only approximately 15% of the herbicide effort in 1967. They 
destroyed an estimated 80,000 tons of paddy rice in 1967 -
representing 1. 75% of the total rice production of the co\.IIltr'J. 
However, crop destruction operations are directed against specific 
targets, As such, they are designed to affect the enemy food supply 
in localized situations, only. There is evidence that food 
shortages, for which crop destruction efforts were partly responsible, 
have at times created logistical problems for the enemy - especially 
in the Highlands and in rno\.IIltainous parts of Binh Dinh, Phu Yen, 
and Quang Ngai provinces, 

The main impact of crop destruction, howe1rer, falls upon the 
civilian population of the enemy-held or contested areas where the 
operations will take place. An estinated 90% of the crops destroyed 
in 1967 were grown, not by VC/NVA military personnel, but by the 
civilians living there. The Hission has very little systematic 
information about the economic and psychological effect of crop 
destr•1ction operations upon the civilian populations, especially 
the Montagnards, who are most seriously affected, 

~Ir.t.il the Mission has developed a comprel!ensi ve economic 
warfare program, the proper scale of crop destruction operations 
will remain untested. Except for units located deep in the 
Highlands, the enemy obtains most of his food through commercial 
channels, forced requisition3, taxation, and imports. Crop 
destruction should therefore be one of several interdependent 
factors .in a comprehensive economic warfare effort designed, 
among other things, to deny food to the enemy. 

5. Public Opinion. The herbicide program does not loo':' 
large as a public opinion issue in the US, South Vietnam,_ in Weste:n 
Surope and elsewhere at the present time. It always.carr~es with.it 
a strong potential for trouble, however, because of its high ei:io~:Lonal 
content. There is much confusion and ignorance about the herbicide 
program, and within RVN, especially in III CTZ. Th~s is partly ~he 
result of Viet Cong propaganda exploitation. More J.Inportantly, it 
results from the fact that, from the outset, the psychological warfare 
support of the program has not been adequate. 
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6. RefUgees. Herbicide operations have not generated a 
aignificant number of registered refugees. 

7. Claims. US Advisors have not been sufficiently well 
informed about or active in the GVN claims program. It provides 
for solatiurn, not indemnification. The system of administration 
ls unresponsive to the claimant and may be subject to administrative 
irregularities. 

B. Management. The present system of herbicide program 
planning and procedures .is not sufficiently responsive to manage­
ment requirements. It takes much too long to process individual 
projects. New management procedures are needed which, without ex­
ceeding policy guidelines, will delegate sufficient authority to 
Corps commanders to prosecute certain important targets of oppor­
tunity in a practical and timely fashion. Province and Corps-level 
CORDS agricultural, refUgee, and psychological warfare specialists 
have not been brought into the program sufficiently, and not 
enough attention has been paid on the local level to the economic, 
social, and political/psychological impact of projects. The present 
system has not provided enough of the right kind of information to 
enable Saigon-level officials to manage the program effectively or 
to monitor it from a policy point of view. 

Principal Recommendations 

1. Defoliation. Given the comparatively high concentration 
of effort in III CTZ to date, further defoliation operations there 
should be held to a minimum compatible with the overall requirements 
for the prosecution of the war. 

2. Economic Costs. 

(a) As soon as security conditions permit, the GVN, USAID> 
and MACV should cooperate to expand timber salvage operations to 
include all merchantable dead or damaged trees in War Zones C and D. 
USAID should also prepare plans for the reforestation of def o.Liated 
forest areas. 
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( b) MACV should obtain the full-time services of a qualified 
plant pathologist to assist in the investigation of claims for 
damage allegedly caused by defoliaticn operations. He would also 
orient program personnel in the fiel6 about the effects of defoliants 
upon plant life. 

( c) MACV shoulc ensure, in accordance with the propose c new 
program management proce<:ures described in Section G, that CORDS 
ugricultural, refugee anc' psywar advJ.sers in the field are fully 
<!onsulted in the prepara·.ion and post-audit of all herbicide projects. 

(d) MACV and t·1e "Ranch Hand" !l'luadron should maintain and 
continue to Improve the ·>eview of all flight operational and 
navigs.tional controls, s~ray deliver:r equ:!.pment, and methods of 
obtaining information about the atmospheric conditions·over target 
areas, in order to ensure that everything possible is being done 
to minimize the chances 0f accidental damage to crops. 

3. Crop Destruction. The M:lssion should develop a comprehensive 
economic warfare program designed, among other things, to deny toed 
to the enemy. The prope~ scale of crop destruction operations should 
be determined on the basis of that program. In the meantime, the 
Mission should 

(a) ensure that each crop destruction project is developed 
with a view to minimizing adverse effects upon the civilian population 
living in the target area to the extent possible, 

(b) attempt to obtain more systematic information about the 
effect of crop destruction operations upon both the civil population, 
especially the Montagnards, as well as enemy forces, 

(o) review the crop destruction program prior to December 31, 
1968, on the basis of information provided by the new check list and 
post-audit system proposed in Section G in order to determine the most 
effective scale of the p~ogram. 

4, Ecological Consequences, 

(a) MACV should plan and execute any posaible future area 
defoliation targets so aa to ensure that strips of forest are left 
undefoliated which will serve as a seed source for regeneration and 
as habitat tor Wildlife. 

(b) US!ID, with the assistance of MACV, should maintain a 
continuing assessment of the impa~t of herbicide operations upon 
the forest and the watershed. 
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(c) With the end of hostilities, USAID !lhould assist the 
GVN in the establishment of a comprehensive program of ecologic 
research designed to assist in the economic recovery or the count!"y, 

5. Psyops, Psyop!l support for the herbicide program ha.11 not 
been effective, A concerted effort !lhould bs underlaken by US and 
GVN payops officials to correct shortcontlnga in planning and imple­
mentation or psyops programs t() ensure that, eftective psyops support. 
is provided, To this end, US and GVN resources should bs utilized 
as required, 

6, Claim!, 

(a) MACV should make a conoerled effort to increa:11e its 
advisor11' knowledge, especially at prorlx•oe level, regarding th<e 
policies and prQ;cedures of MII.CAP so that they can more effectively 
advise their counterj)all'ts about it, 

(b) MACV, the Joint Economic Office, and JGS should under­
take to simplify GVN Militaey Civil Aaiili!lltance Progra1m (MLWAP) 
procedll1"$1!l in order to pslMni.t up to $VN6o,ooo to be paid on a 
valid claim within one month of i'illngo This will ~dite the 
payment of 80% of all herbicide ola.w, 

7, JUSPAO ParticiJ?at;j.on, JUSPAO sb.oul.d be represented 
along with the Embas11y, MAGV and USAID on the Saigon-leivel "20J 
Committee" which review all h<11rbicide projectso 

8, Mana,gement, MACV should adopt the following new methods 
and procedures in order to (a) make the program more responsive to 
the tactical !.'$q_uiremente of !llll.jOl:' COlllJll8Jl!.ders 9 and ( b) improve 
the qwi,lity of information about operations needed for .lllrlntaining 
Saigon-level policy renew o.f' the programg 

(a) eneure that CORDS agricul.tural, psyops, and refugee 
epecialilllts are fully consulted in the preparation and poet--audit 
ar all projectso 

(b) require that <Gheckliets containing all relevant 
military-, economic, psy~hological, and demographic information are 
completed in th@ .field for a.1.1 pro,jects and forwarded to Sa:!.gon­
lewl officials for use i.n the evaluation of projects, 
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(c) require that post-operations audits are conducted for 
projects on a regular basis as a means of strengthening program 
management and policy review. 

(d) delegate authority to Corps commanders to carry out US 
helicopter defoliation operations in order to (1) maintain defensive 
fields of fire contiguous to Allied base camps, (2) re-treat Rome­
plowed ~reas as required, and (3) uncover known small ambush sites 
along LOCs. These operations will be monitored by Headquarters N/\CV 
and carried out in accordance with the same policy guidelines and 
operational controls that apply to C-123 spray missions. 

(e) continue area clearances for crop destruction operations 
according to which crop targets of opportunity may be executed within 
areas approved for such operations by the Ambassador. Such targets 
will be confined to low population density areas under enemy control. 
Approval will extend to 12 months or 2 growing seasons. MACV Head­
quarters will review specific targets to ensure that they are in 
accord with all policy and operational guidelines. 

9. Implementation. MACV, in coordination with JUSPAO and USAID, 
should consult with appropriate GVN authorities in order to implement 
these recommendations as soon as possible. 
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SECTION A: THE DEFOLIATION PROGRAM 

I. RECOMMENDATIOl'JS 

A. Given the comparatively high concentration of effort in III CT~ 
to date, future defoliation operations there should be held to the 
minimum compatible with military requirements. 

B. As soon as security conditions permit, USAID and MACV should 
recommend expansion of the timber salvage progran1 to include all 
valuable stands in War Zones C and D. USAID should also assist 
the GVN in the development of plans for the reforestation of defo­
liated forest a2eas. 

c. MACV should obtain the full-time services of a qualified plant 
pathologist to assist in the investigation of defoliation damage 
claims. He would also raise the level of awareness on the part of 
program personnel in the field about the effects of defoliants upon 
plant life. 

D. MACV should ensure, in accordance with the proposed new procedures 
described in Section G, that CORDS agricultural, refugee and psyops 
advisors in the field are fully consulted in the preparation and post­
audit of all herbicide projects. 

E. All spray systems used on aerial herbicide operations should be 
recalibrated, 

F. MACV and the "Ranch Hand" Squadron should maintain and continue to 
develop an active review of all flight operational controls, spray 
delivery equipnent, navigational techniques, and methods of obtaining 
information about the atmospheric conditions over target areas in 
order to ensure that everything possible is being done to minimize 
the chances of accidental damage to crops. 

G. The improved psyops support program described in Section C should 
be implemented. 

II. SUMMARY OF FINDINGS 

A. Defoliation has been a successf'ul military program in South 
Vietnam. Its objectives are twofold: (1) to help overcome the 
difficulty of locating the eneiey in a heavily forested country, 
thereby enabling Allied forces to maximize their advantage of supe­
rior mobility and firepower, a.nd (2) to enhance the security 
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of Allied LOC 1s and facilities by providing defensive fields of fire, 
The de.foliation program has achieved its foregoing objectives, and in 
so doing, has helped to save Allied lives, 

B, The defoliation program has generated some adverse economic and 
psychological problems, primarily in III CTZ: 

(a) War Zones C and D in III CTZ contain exploitable stands of 
timber that have been killed by defoliants. If logging 
operations are carried out within one to two years after 
defoliation, this timber can be salvaged. Such an opera­
tion is underway in secured parts of War Zone C, 

(b) During 1966 and 1967 there were many claims of defoliant 
damage to cash food crops in III CTZ. Agricultural ad­
visors in III CTZ discount between 80 and 90 percent of 
these claims, The difficulty of obtaining hard, timely 
data imp~des successful investigation of claims. 

(c) Many people,including even some Allied officials, are con­
fused and poorly informed about the objectives of the 
defoliation program. Allied motives and actions have been 
the subject of successful VC propaganda attacks. 

C. Dri~ is a difficult unresolved problem in the application of 
herbicides. This problem is not unique to military operations i.n 
Vietnam. Until scientists are able to provide definitive informa­
tion about the range and eff'ect, of' defoliants upon pl.ant life, the 
policy maker will have to (1) continue to adopt an attitude of 
healthy respect for the varj.ous hazards which may i•esult in unfore­
seen damage, and (2) devise whatever practical and prudent measures 
that given circumstances may require. 

D. The foregoing problems ar<) outweighed by the demonstrated military 
advantages of the program. They a.re significant program "costs, 11 

however. Although they cannot be eliminated, the adverse impact can 
be substantially reduced by the introduction of new and improved 
operational and program controls as well as improved economic and 
psychological support activities. 
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III. ANALYSIS OF :J:HE PEFOI..IAXION Pll.OGRAM 

A, Development and Main Focus of Defoliation Operations 

The defoliation program effectively began on December 4, 1961, 
when President Kennedy authorized the Secretary of Defense to test 
the military effectiveness of the defoliation of several lines of 
communication in South Vietnam. The Chart on the next page shows 
how the program has developed since then in terms of the number of 
square kilometers sprayed, The first four years of the program was 
a period of modest growth. 1966 and 1967, however, were years of very 
substantial expansion, Approximately five times more area was defoliated 
in 1966 than in 1965; approximately nine times more area was sprayed in 
1967 than in 1965. The total area of South Vietnam is 173,000 square 
kilometers. By the end of 1967, approximately 5% of the country had 
been sprayed, The map on page five shows the pattern of defoliation 
operations in 1963-1967. · 

Buildup of III CTZ Operations, The bulk of the 1966/67 expansion 
of the program took place in III CTZ: 53% of the total area sprayed in 
1966 was in III CTZ; this proportion had increased to 66% in 1967, 
III CTZ has accounted for approximately 60% of all the area sprayed 
in the country since the beginning of the program. Not surprisingly, 
it is also in III CTZ where the herbicide pro~ram has encountered 
most of the unfavorable economic and public opinion "fallout" that 
has been attributed to it. 

The relative concentration of defoliation operations in III CTZ 
is a partial reflection of allied and enemy strategy. War Zone C 
(920 square km2) was defoliated in 1966 as part of the successful 
campaign to destroy enemy forces located in this long-time enemy 
base area, Upwards of two US divis1.ons were employed in this cam­
paign, War Zone D (l, 920 square km ) was defoliated in 1967 as 
part of allied efforts to drive an anticipatect large enemy force 
out of this major th~eat to Saigon. The defoliation of the Rung Sat 
Special Zone (460 km ) was carried out in 1966 and 1967 as part of 
urgent US efforts to secure the main shipping channels leading to 
the Port of Saigon. 

Estimated Plateau Level in 1968. If present plans eventuate, 
1968 will be the first year in which the program will not have at 
least doubled in terms of area coverage. The 1968 coverage target 
of 7,700 km2 is not substantially greater than the 6,018 1on2 sprayed 
in 1967. Only as the enemy•s plan of battle unfolds will it be 
possible to estimate how much of 1968 operations will consist of 
retreatment of areas already sprayed, There are no present plans 
for the defoliation of any new large area targets such as War Zones 
C and D, 
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1968 Plans. Defoliation operations in support of the 1968 
Combined Campaign Plan will concentrate upon: 

(a) LOCs required by Allied forces for their operations and 
Ugistics. 

(b) LOCs used by the enemy for his operations and logistics. 

(c) Enemy base areas that are the object of specifically 
planned Allied military operations. 

(d) The creation of 3-5 kilometer-wide buffer zone along 
South Vietnam's borders designed to help interdict enemy 
infiltration routes leading into the country. 

Enenzy- operations will largely determine the extent to which the 
foregoing objectives can be pursued in 1968. ImplEllMllb~ation of the 
plan would result in a substantial shift in defoliation operations 
from those carried out in portions of comparatively high population 
density areas to the more remote and less populated parts of the 
country along the Laotian and Cambodian borders. This shift in 
emphasis would have unquestionably beneficial effect in III CTZ. 

B. Militar:y Rationale of the Defoliation Program 

A key element in Allied military strategy in the Vietnam waJ has 
been the utilization of the unprecedented firepower that modern 
science, industry and logistics have made possible. Allied forces 
are engaging the enemy with much higher rates of return fire than 
in any previous war. On the groUDd and from the air, commanders 
are substituting firepower for manJlOwer, As a result, an undeter­
minable but large number of American and Allied lives have been 
saved, 

Much of South Vietnam, however, is covered with dense forests, 
jungle and mangrove. Utilization of th¥ natural concealment has af­
forded the enemy great tactical and logistical advantages vis-a-vis 
Allied forces. A paramount military problem from the outset, there­
fore, has been the difficulty of locating the enemy, his bases, and 
his LOCs. Witho~t information about enemy dispositions, our forces 
cannot exploit their advantage of superior firepower. 

Defoliation by chemical herbicides is the principtl way by which 
' 
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Allied forces obtain visual observation of enemy forces, facilities, 
ambush sites, infiltration routes and other enemy-used LOCs. It is 
also employed to enhance security around Allied base camps, airfields, 
ammunition dumps, ports, and along LOCs by providing defensive fields 
of fire. These fields of fire a.re also made by Rome PLow and chain 
saw operations conducted, sometimes jointly, with aerial and ground 
defoliation operations. 

Improved Intelligence. Defoliation of large area targets such 
as War Zones C and D contribute importantly to improved military in­
telligence for plans and operations. Within a few weeks after the 
defoliation of the War Zones there was a dramatic improvement in 
vertical visibility. Just as the passenger in a plane flying 1000 
feet over a deciduous American forest in wint.er-time can see brooks, 
paths, walls, and gullies which would be concealed by sununertime leaf 
growth, so now can trenches, bunkers, structnres, and trails formerly 
used by the enemy in War Zones C and D be seen clearly from observation 
planes. 

Horizontal visibility can also be extended by defoliation from 
practically none in dense jungle to as much as 30-40 yards, One of 
the obvious, but sometimes overlooked, benefits of defoliation, further 
more, is the data which it provides for the correction of existing maps 
and the preparation of new ones. Accurate maps play an important role 
in ground and air operations. 

Lower Casualty Rates, Experience in operations such as "Junction 
City" in War Zone C has shown that Allied troops meet significantly 
less enemy resistance in areas that have been defoliated, Exposure 
of his supply depots, base camps, and LOCs make the enemy much more 
vulnerable to Allied air strikes, The resultant damage, harrassment, 
and threat of impending attack by Allied airborne troops has frequently 
caused the enemy to move out. 

It was originally estimated that more than two divisions would be 
required to clear the enemy out of War Zone Din 1967, The Zone was 
defoliated and, in the end, only one brigade was needed for the 
operation. It makes little difference whether defoliation caused 
the enemy to move out or whether it resulted in improved intelligence, 
Commanders used far fewer troops in the operation than they probably 
would have had to have used if the Zone had not been defoliated, Not 
only were there fewer casualties, but approximately two US divisi.ons 
were freed for combat use elsewhere, For the most part, the enemy 
continues to avoid defoliated portions of War Zone D, 
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Defoliation of enem,Y secret zones reduces casualties among 
Allied infantcy units engaged in snldng out the eneJllY. At the 
8&1118 time, however, it reduces the need for some ground search 
operations. After defoTI.ation has helped in locating the en~, 
tactical air strikes prepare the way for airborne troop landings. 
Thus, air mobility and firepower can be substituted for ground 
maneuver elements. This saves lives and permits more efficient 
use of manpower. 

More Combat-avail.able Manpower. Defoliation has permitted 
commanders to reduce the riumtie1•·of 11111n committed to base securit;r 
and convoy- guard work: These JQ8ri have then beCOID8 avail.able for 
offensive combat duty-. This Diqre efficient use of lllilitar;r man­
power has resulted from the.defoliation of broad defensive fields 
of fire around Allied base caiiip8, and the defoliation of ambush 
sites and fields of fire along friendl:.f LOCs. ll!lproved fields of 
fire, wherever loci&ted, act as ·a deterrent to enemy attack, increase 
his casualties when he.does attack, and correspondingly, help to 
reduce casualties among Allied troops. 

Facilitates and Protects 'IJp'ritment of Supplies. The securing 
of LOCs as a result of de!"oliation, · coupled llith Rome P1ow work, 
air observation, and road seeurit;t patro!Ung, has played an im­
portant role in the 1110Tilll18nt of lllilitar;r supplies.· An increasing 
num.ber of South VietnaD11s main~. railroads, and main shipping 
channels have been cleared to as 111Uch as 100-200 meters on each side. 

The priority- defoliation in 1966 and 1967 of the main shipping 
channels leading to the Silgan Port through the Rung Sat Special 
Zone (RSSZ) was eapeciia~ lluccesisful~ For a long tillle, the enemy 
had regularly attacked Allied shipping from concealed small arms 
and 111ort.ors positions located in the dense mangrove 8W&lllps of the 
RSSZ. SI.Ile• defoliation, auch attacks have diminished substanti~ 
and they- no longer pose a critical threat to this· vital supply line. 
In addition to the preservation of ships, supplies, and crewman, 
f8119r convoy- guards and escort vessels have been required, thereb;r 
permitting their assigmu.ent to offensive combat missions. Herbicide 
operations in the RSSZ, for the most part, 1d.ll henceforth be confined 
to the retreatlll8nt of mangrove SW8lllps as required. 

C. Probl8111S in Ill CTZ 

16% of the land area in III CTZ is under cultivation, a quarter 
of which is planted in rubber; In recent years, m CTZ has produced 
7<$ of South VietnaD11s timber. Production of vegetable and fruit 
crops increased an estimated 5<$ in the Corps during 1965- 1966. 
About 75% of the people living in III CTZ derive their income from. 
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agricultural work. 

The Rubber Plantation Episode. Natural rubber has traditionally 
been Vietnam's most important export item. The rubber plantations 
provide jobs for an estimated 15,000 workers. In spite of current 
problems in the world rubber market, rubber is one of South Vietnam's 
long-term economic assets. 

In late February 1967, the Embassy began to receive reports from 
plantation managers in III CTZ about unprecedented damage to the 
rubber plantations. They attributed the damage to drift emanating 
from defoliation operations being carried out against targets elsewhere 
in III CTZ. These allegations were supported by the Vietnam Rubber 
Institute. 

As a consequence of these complaints, and in view of the economic 
importance of the plantations, the Mission Council established an ad 
hoc committee to examine the situation. Technical experts from MACV, 
USAID and CORDS, as well as a specialist on the effects of herbicides 
on plants from the US Army Plant Sciences Laboratories, Ft. Detrick, 
Maryland, participated in a special technical survey. The team ex­
amined representative areas where damage was alleged to have taken 
place. Security conditions in the field prevented access to all the 
plantations. 

In a report to the Ambassador dated April 13, 1967, the team 
concluded that symptoms indicating damage by herbicide had been 
observed in 7 of 16 plantation sites examined. It stPted that 
although most of the trees that had been accidentally sprayed 
would undoubtedly survive, it could not predict the e..ct.ent of 
possible permanent damage. It recommended that the plantations 
should be carefully observed during the succeeding growing season. 
The team also observed, however, that disease and inadequate main­
tenance rather than defoliants were responsible for the poor health 
of many rubber trees. It also noted that some damage had been 
caused by operational and navigational errors. 

Buffer Zone Around Plantations Established. As a result of 
the survey team's findings, a buffer zone was established around all 
active rubber plantations. No herbicide missions have since been 
flown over an inner 5 kilometer-wide zone around plantations, and 
only less volatile WHITE herbicide has been used over a second outer 
zone, also 5 km wide; 

MACV and the 7th Air Force have scrupulously adhered to this 
policy. There have been no significant new claims of damage to 
the plantations by herbicide operations in 1967 >r thus far in 
1968. The Director~neral of Terres Rouge Plantations verified 
this in a recent interview. The CORDS Agri~ultural Advisor in 
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Binh Long Province stated, furthermore, in a report dated December 
22,1967, "The effed,a of defoliation have not been as disastrous 
as anticipated; refoliation has begun and blocks of trees marked 
off as lost will be able to be tapped again." other preliminary 
evidence tends to substantiate further the view that herbicides 
may be less toxic t.o rubber trees than was previousl.J" thought. 

Damage to Semi-deciduous Forests. SVN has ~ land area of 
17,141>,000 hectares of which 5,620,000, or 33% is classified as 
forest land. These forests contain many valuable species. The 
forest is one of the most important renewable natural resources 
in South Vietnam. The wood industry is one of the country's 
most important industries and is estimated t.o e1nploy some 80,000 
people. The present annual production of 2~),000 HJ is onl.¥ a 
fraction of the estimated peace-time potential production of 
3,500,000 M3. 

Salvage Program for War Zone C Initiated. Between 900,000 
and 1,000,000 hectares of forest land, or approximatel.J" 2af, of 
the total forested area have been treated by defoliants since 
19?1 (not all of this area contains merchantable timber). War 
Zones C and D in III Corps - defoliated in 1966 and 1967 - con­
tain some of the country's most val1table '1ardwood timh,.r. Forest 
reserves in War Zone C are estimated to contain some 2 million 
M3 of timber that is now dead, dying, or otherwise damaged. Thi• 
timber is now being salvaged under a program supported by USAID 
and MACY. Salvage of this timber represents • value of 2 billion 
$SVN to the Government in timber taxea. War Zona D contains an 
estimated 25 million M3 of merchantable timber. Aerial observa­
tion indicates that much of this timber is alao dead, dying or 
damaged by dafoliants. Security limitations complicat• salvaga 
logging operation in this area at the present time, 

/ 

I 

Growth of Bamboo Observed. USAID foresters observe that there 
has been a marked increase in understory vegetation (low-growing 
trees and bushes) in the defoliated forests. In some areas, elimina­
tion of the overstory (upper canopy of high trees) has caused an in­
crease in bamboo and shrubs to the point where they eometimes .f'ully 
occupy the site. From a military standpoint, vertical and horizontal 
visibility is markedl.J" reduced in such areas. Foresters, however, 
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are primarily concerned about the effect of these less desirable 
competing species rm the regeneration of the forest as a whole. 
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'l'ree Mortality Increases With Successive Herbicide Applications. 
A systematic examination of forest inventory sample areas was carried 
out during the period March 15-18, 1968 by USAID foresters and two 
consulting ecologists as a part of the Herbicide Policy Review. 
These areas were .located at three places in TEcy Ninh and Binh Long 
provinces. The foresters concluded that, despite the fact that 
ecological impact is minimal in such areas, light to moderate 
mortality occurs in forest stands following one application of 
herbicide. Two treatments in successive years, however, cause 
heavy mortality of saw timber, loss of reproduction sources, and 
hence introduce the possibility of adverse ecological impact. 
WHITE herbicide appears to cause heavier damage than ORANGE. 
After one year, all trees killed by defoliation remained sound and 
salvageable. Reseeding sources were found in adequate numbers. 
The foresters believe that bamboo site invasion will increase in 
areas where the normal forest trees have been killed by defoliants. 
They recommend that forests receiving two or more treatments of 
herbicides should be planned for reforestation. (An examination 
and related ecological consequences of the herbicide program is 
presented in Section F,) 

D!!!1!81e to Cash Food Crops. III Corps CORDS agricultural 
advisors believe that there has been substantial damage to cash 
food crops as a result of the defoliation program. They assert 
that there was heavy damage to crops in TEcy Ninh Province during 
the defoliation of War Zone C in 1966. Many claims of herbicide 
damage were submitted in 1966. They.attribute this damage to 
drift and to leaky valves on C-123 spray aircraft. (Revised 
maintenance and control procedures have significantly reduced 
damage from the latter.) They 'believe that damage caused by 
the latter was increased because C-123s were in the habit of making 
aerial rendezvous over T~ Ninh City and other cities in III CTZ 
prior to the start of SprtliY missions. 

The agl'.iculture men in III CTZ have expressed the view that 
defoliants can drift some distance !trom .the point of release 
from the aircraft. They believe that the 1966 papaya crop in 
Long Kbanh Province was seriously damaged by drift. Papaya 
is extremely susceptible to defoliation. They also believe that 
more than half of the 1966 soy bean crop in Long Khanh Province 
was killed by drift. They recognize, however, that the soy bean 
plant is seriously affected by stem borers, and that 'it is diffi­
cult to distinguish between the two nymptoms of damage. 
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The Committee is not prepared ipso ~ to ascribe the plant 
mortality observed at significant distances from target areas to 
drift alone, Such plant mortality could also be ascribed to un­
identified plant disease, volatilization of herbicide in unique 
combinations of meteorological conditions, abortions of missions, 
target error and faulty meteorological observations prior to the 
flying of the sortie, All of these conditions require further 
investigation, 

Most Claims Believed Uniustified, The III CTZ CORDS Senior 
Agricultural Advisor has stated that he has seen no evidence of 
direct spraying of crops, whether caused intentionally or acciden­
tally, He and his associates, however, believe that they have 
evidence of drift damage that has occurred in areas adjacent to and 
several kilometers away from defoliation targets, Although there 
have been roany claims for damage submitted in II! CTZ, they estimate 
that only 10-20% of the alleged damage has been caused by defoliants, 
In this connection, they consider that most of the allegations of 
drift damage roade by rubber growers are not supportable, They also 
estimate that 10-15% of the actual drift damage has resulted from 
cal'elessly conducted ground spray operations, 

Many Fewer Claims in 1968, The agriculture men also note that 
people in III CTZ fail to distinguish between herbicide aircraft 
and other aircraft engaged in insecticide operations. They also 
note that the farmer sometimes adopts a fatalistic attitude toward 
his crops. Seeing sick plants, he concludes that it is the result 
of herbicides. He then stops giving them proper care, and they 
fail, III CTZ agricultural specialists have noted a marked re­
duction in the number of claims submitted in !!I CTZ during the 
past 6 months, Whereas previously there were approximately 3-4 
claims submitted every week, now only J-4 per month are being 
received" (For an examination of public opinion reactions to 
the herbicide program in South Vietnam, the United States, 
and Western Europe, see Section C,) 

D, The Drift Problem 

Drift is a recognized phenomenon in aerial and ground herbi­
cide spray operations, It is so recognized by the Us Forest 
Service which has long carried out extensive.but highly control­
led herbicide operations, by companies that ma.nuracture defoliants, 
by coJDlnercial herbicide spray operators, and by US military author­
ities. The present operational controls imposed_up~n the 7th 
AF "Ranch Hand" Squadron reflect a clear-cut recogrlition of the 
drift problem, 
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Differing Views Over Range of Drift. CORDS agricultural advisors 
in III CTZ do not agree with the analyses of drirt and volatilization 
prepared by the consultants to the MACV representative on the Hurbicide 
Policy Review Committee. The tet•hnical papers prepared by MACV con­
sultants Minarik, Darrow and Blumenfeld have been included in the 
Appendix as expert information which the Committee took into consi-
deration. • 

According to calculations made by Minarik and Darrow (see 
Appendix A), "the maximum distance at which drirt hazard. from 6 
sortie missions with ORANGE would occur, was 1-2 kilometers under 
most unfavorable crosswind conditions of 9 miles per hour, Rice, 
sugar cane, corn and other grass-like crops can be located one 
kilometer or more .from defoliation targets, Under the atmospheric 
conditions at which 12th Air ConunandoSqua.dron "Ranch Hand" operates, 
drift damage on broadleaf crops snoul.d not occur at distances 
greater than 2 kilometers. The theoretical analysis of drift 
prepared by Blumenfeld (see Appendix B) is consistent with these 
findings. Minarik and Darrow also assert that the possibility of 
crop damage from vaporized ORANGE herbicide is not significant 
"under current techniques of application" in South Vietnam. 

Difficulty of Isolating Damage l>y Herbicides. The Collllllittee 
observed that CORDS field investigations of damage to crops have not 
always had the benefit of hard, timely evidence and the technic&l­
scientific expertise that is needed to make authoritative judgements 
as to the different possible causes or given plant sicknesses, e.g., 
defoliants, jet fuel, stem borers, or ~ or the many other plant 
diseases. The Committee considers that MACY should obtain the full­
time services of a qualified plant pathologist to carry out this im­
portant work. This specialist would also engage in an educational 
effort designed to raise the overall awareness of' all program per­
so1U1el including Corps Chemical Officers and agricultural advisors, 
regarding the effects of herbicide on plant life. Agric11lture men 
in the field, furthermore, have not had access (in all cases) to .in­
formation about the specific times and places ot ..... ·uicide flignts 
in their areas of responsibility. The new procedures outlined in 
Section G, should remedy this shortcoming. 

!mportance of Continuing Research and Operatiogal Control System. 
According to Minarik and Darrow, 11the principle factors influencing 
drift from herbicide spray application are: droplet size, height of 
release and atmospheric conditions, principally horizontal air move- . 
ment. 11 In this co1U1ection, the Collllllittee noted that the spray system 
currently being used by "Ranch Hand" has not been appropriatel.3' 
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calibrated for droplet size distribution. Given the importance of 
this information in the further developnent of the control eystem, 
it is imperative that the necessary tests should be carried out now. 

The Conunittee also considered that MACV and 11Ranch Hand" should 
maintain and continue to develop its active review of all flight 
operational controls, spray delivery equipnent, navigational 
techniques, and especial~ its methods of obtaining information 
about atmospheric condition1 over target areal to elmlZ'e that every­
thing pos1ible is being done to minimize th• chance• of accidential 
damage to crops. Th8 Committee noted that MACV ha1 reque1ted that 
the required teets be carried out by the Department of the Air Force. 

The Committee has not had the time or the independent expert 
resources to develop a position vis~-vis the foregoing conflicting 
views. Debate as to the range and impact of herbicide drift is not, 
however, unique to the operations being carried out in South Vietnam. 
Research on this complex question is being conducted in both private 
and government laboratories, Until the scientist has provided more 
definitive information abo•1t the range of herbicide drift and its 
effect upon plant life, however, the policy-maker must adopt an at­
titude of healthy respect for it, and he must devise whatever prac­
tical and prudent measures that circumstances require. 

E, Alternatives to the Use of Spra.r Defoliants 

Rome Plows, bulldozers and teams of men using chain saws are 
now the mos~ frequently employed alternatives to the use of herbi­
cides in securing Allied LOCs. In situations where circumstances 
permit the use of defoliants, it is applied by C-123 aircraft, 
helicopters, or by ground systems in advance. 

Where security conditions permit and appropriate supervision 
can be achieved, local workers have been used to cut down trees 
and bushes and r•m·:ve the wcod. This approach can be employed where 
~ houses and gardens are located along the roadways. It offers 
the local people a stake in their security and in the protection of 
their own property. Plantation managers have sjmjlarly requested 
that their workers be permitted to do the clearing of LOCs that 
pass through plantations. 

Military authorities are currently using and perfecting a number 
of specialized techniques designed to locate enemy forces and facili­
ties. In time, these techniques llllQ' supplant some defoliation opera­
tions. Growth retardants are an additional alternative. They are 

CONFIDENTIAL 

.-

I 
I 

·----------· l---·-----



CONFIIENTIAL 

chemical compounds which delq the regrowth of vegetation for 
periods of up to 18 months. Herbicides now being used~ delay 
regrowth for 9-12 months. Retardants are described as non­
corrosive, non-volatile, non-irritating and non-hazardous to 
people. Growth retardant has not been emplo;J9d in South Vietnam. 

CONFlJENTIAL 

---------···-

15 



---·-·-------------··----

CONFIDENTIAL 

SECTION B; THE CRQP T!lii!f"RIJCTIOH PROGRAM 

I. 

A. Crop destruction should be considered an integral part of 
efforts to d•lll' food to the VC/HVA. 

16 

B. A high proportion of civilians to enem;r military in VC/HVA 
controlled terrltor.l.es wre advereeJ¥ affected by crop destruction 
missions in 1967, especialJ¥ in several coastal provinces in I and 
II CTZ. TM crop destruction program should be conducted in eucn 
a manner as to hold the number of sorties to the minimum compatible 
with the criteria se't forth in the policy guidelines and the pro­
cedures proposed in Section G on Program Planning and Procedures. 

C. Since crop destruction is onl¥ one aspect of a comprehensive 
food denial program, a greater effort should be made to coordinate 
crop destruction with other food denial activities. The Al.lies, 
therefore, should undertake a comprehensive review of how they can 
best coo""<iinate food denial activities, preterabJ¥ in the context 
ot ·a general economic warfare policy review. 

D. There is a need tor flexibility aruj. rapid response in crop 
destruction operations, Area clearances which will permit selection 
ot targets of opportunity should therefore continue to be granted. 
TMy should continue to be strictl¥ limited to spareeJ¥ populated, 
enem;r-oontrolled areas in food deficit regions. 

E. Priority should be given to missions flown in the vicinity of 
major VC/HVA base areas and to missions flown in conjunction with 
major allied militacy operations. 

F. Every effort should be mad• to ensure that psycho-political dis­
advantages do not outweigh the military advantages.· To facilitate this 
effort the crop destruction checklist (see Procedures, Section G) 
should be completed tor both individual target and area requests. 

G. A semi-annual evaluation (see Procedures, Section G) of the 
perceived costs and benefits of crop destruction missions flown 
should be submitted tor each province. These post-audit reports 
would be used in planning future operations. 
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II. SUMMARY OF FINDINGS 

A. Crop destruction operations have b8en successful., to an undeter­
mined degree, in accomplishing the stated objectives of dellfing food 
to the VC/NVA and VC s7l11pathizers, in diverting en8Jlcy' manpower to food 
procursment, and in weakening en8Jlcy' strength. 

B. At the same time, the program has had significant but again un­
determined adverse political, psychological, and economic impacts 
on civilians in VC controlled areas. Less than 10 _percent of the 
crops destroyed were cultivated by personnel of VC/NVA units. More 
than 90 percent was grown, willingq or unwillingq, by civilians 
of varying allegiance to the GVN, all of whom are targets for 
pacification efforts. 

c. Herbicide crop destruction is onq one aspect of the efforts to 
deny foodstuffs to the VC/NVA. The en8Jlcy' relies on collllll8rcial pur­
chases, imports, taxation, requisition, and confiscation for some 
90 percent of his food requirements, His greatest vulnerability 
in general, therefore, appears to be in hts logistics systsm. 

D. Consequentq, if crops are destroyed while other avenues of food 
acquisition are lett open, the program is milit.ariq less effective. 
However, it will still incur most of the adverse political and 
psychological costs. 

E. A comprehensive approach to food denial should be adopted. Past 
food control activities have not been sufficientq coordinated at 
the Saigon level and, therefore, have not realized their full pot.entlal. 

F. Nonet.helese, there are documented instances where VC/NVA units 
have suffered from serious food deprivation and herbicide crop des­
truct.ion hae contributed significant.q to t.l. i 11 situation. 

G. However, the available evidence indicates that the civilian popu­
lations in VC cont.rolled areas bears the brunt of food denial activities. 
This ie not surprieing, but it does imply that the relative costs of 
the program are high. 

H. There has not been a eyst.smat.ic at.t.11111:pt. to evaluate the relat.i ve 
costs and benefits of conducting alternative levels of herbicide 
crop destruct.ion in the cont.ext. of a coordinated food denial program. 
Such an anaqeis should be undertaken, but will require more and 
better information than is current.q available. 
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III. ANALYSIS OF Tl!E CBOP W,,5TRUCTION P.R00RAH 

The objectives of the crop destr11-ction program are to den,y 
food (rice, cereals, and broad leaf crops) to the VC/NVA and their 
s1J11pathizers, to divert VC/NVA manpower to crop production, to 
impose constraints on enem,y logistical capacity, or otherwise 
weaken VC/NVA strength. · 

A. Scope of the Program. In 1966 and 1967 crop destruction con­
stituted only 12-13 percent of the total number of herbicide 
missions by area covered. Thus crop destruction has been a 
relatively small part of the total herbicide effort. Nonethel.ess, 
the program has grown rapidl.7. In l.963 only one square kilometer 
of crop was sprayed; In l.964, 42 square kilometers were sprqed; 
in l.965. 267; in l.966, 421; and in l.967, 896 square kilometers 
of crop were destroyed. The map on the next page shows the 
pattern of crop destruction operations in l.963-1.967. 

In 1967 this amounted to the destruction of about 120,000 
short tons of food, over 80,000 tons of which was paddy rice, the 
remainder being assorted broad leaf crops. This amounts to about 
l.O percent of the rice grown in the first three CTZ and less than 
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2 percent of the rice production in the entire countey. Geographically 
crop destruction was concentrated in II CTZ where 71,154 tons were 
destroyed in l.967; 33,500 tons were destroyed in I CTZ, and only 
15,41.0 tons in III CTZ. Crop destruction missions are not conducted 
in IV CTZ. 

B. Herbicide Crop Destruction Has Met The Stated Ob.iectives of the 
Program. It has contributed to food shortages, diverted manpower 
to crop production, and wakened enemy strength. This has been 
particularly true in the enem,y•s Militaey Region V (I CTZ and the 
top half of II CTZ) where most crop destruction has been concentrated. 
Food shortages in this area appear to have been l.argely caused by 
breakdown in nonnal. VC/NVA logistics activities, but in some in­
stances crop destruction has directly denied food and placed 
serious additional. burdens on enemy suJ>P4r activities. Cro~ des­
truction, therefore, plays and should continue to pl.a;r, an impor­
tant rol.e in efforts to den,y food and otherwise harass ta& e1l81111". 

C. The Impact of the Program. The impact, however, by its nature 
has been l.argely on the civil population i11 VC/NVA control.led areas. 
To some extent this is due to the size of the program, but l.argely due 
to the great difficulty of distinguishing between crops grown by the 
VC/NVA and those grown by civilians in VC control.led areas. 
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CROP m:sTRUCTIO.lf: 
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In the f1rat three en there wn appl'QldM.~ l7S,OOO 
VC/N'IA in 1967. It we man the aellllllption that each man COD811Me 
a higher than avwap rat.ion ot SOO pounda ot rice per 19&1' (62S 
gl'&lll8 per dl.7, which ie high oonaumption tor I, II & III CTZ), 
this tmpllee a total~ C01181111ption or roughq 4S,OOO tons 
or rice per 19&1'· In CO'llp&rieon - de~ about 48,000 tons 
or milled rice (i.e, baaed on a ""milling 1011 from. the 80,000 
tone of padd7 deatl'019d), or 1m>re than the total conawaption or 
the VC/NVA in the area. 

Kore :lmportantl;r, the VC/N'IA grow somewhat lees than l~ or 
their requi~ta. On the aftl'&ge, therefore, w de~ more 
than 10 timea ae m.uoh rice ae the VC/N'IA grew. Thua, leae than 
10 P9rcut of the rice deatroJed. •• cultivated b7 the pereonnel 
of VC/N'IA uni.ta, the other more than 90 percent -... grown, 
w:llJ1ngl;y or umdllJ.ngq, b7 civ.U.1.an groupa who~ or~ not 
have been vc 1S111P&t.hi•er1, but who are potential target• for 
pacification etrort.1. 
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D. Ayvan I'!P'ct• an L!11 rprmrt.apt tbtp Tm!l1 Hd nppacta. The 
program a1me at epecitic areae. It ie therefore blport.ant to enm1ne 
more · locallud areae, and wbUe a province ie still too large an 
area to be reall;r ...,mng.ful, it ia the o.oJ.;y unit tor which infor­
m.at.ion ia read1l7 aY&ilable. or the ftrioua province•, Binh Dinh 
ia b7 tar the moat important in teas of the magnitude or crop 
deatnction occurring in 1967, receiving one third of all crop 
deatl"uction milllliona conducted in RVR in 1967. It had more than 
three t.1111811 ae much total crop deatr<qed ae the next. moat bea"ViJ¥ 
hit province (Quang Ngai) and about twice a11 much per capita. 

AellUllling that Binh Dinh had the aaae proportion of rice to 
broad leaf' crops and the - productivity as other areas SPr&J8d1 
SOlll9 Z"/,000 tons ot padd7 (or 16,200 tons of milled rice) would 
have been destroyed and sme 12,000 tons of other crops. If the 
recent CICV estimate (in ST 68-0J) of 6400 VC/IWA in Binh Dinh is 
correct, their own production of rice was probabl;y about l6o tons 
ot rice. This would i.mpl;y that onl;y a little less than one peJ"cellt 
of the rice dest1'019d waa grown b7 personnel of VC/IWA units. About 
99 percent was grown wlJ11ngl;y or umdllingl.;y "b7 civilians of varying 
allegiance to the GVlf. 

E. Civilian fl!!l!!lct of the Progl'!!!!. Even it the foregoing statistics 
are wrong b7 a factor of as much as two or three, the civilian impact 
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will still be veey large, B1nh Dinh Province is extreme, of course, 
since it receind the most crop deatruction. Yet, altho11gh it is 
at1Pical, it is also the most important. Furthermore, other pro­
vinces, while receiving less on the anrage, may han experienced 
1:1.milar impacts in more localized areas. 

F, The Coats and Benefits of' This Program are I.argelY Unlqlown. 
There is documented evidence that f'ood shortages have caused 
serious problems f'or the en~ in Binh Dinh, as elsewhere, Yet 
it is not possible to separate the impact of herbicide crop des­
truction on food shortages from other oau11e11, and there is evidence 
that these other causes are usuall.7 more important. For example, 
a compilation of' 4l 1n11tance11 where reasons for f'ood short-
ages were given broke down as follows: 

Allied Movements 17 

Poor Harvest & Planting ll 

Inability of Cadre 8 

Herbicide S 

The problem or aa11e11ement is further complicated by the f'aot that 
there is no accurate way of' translating the effect or rood shortages 
into the degradation or en~ fighting capability. 

At the same time, 'there has been no 11ati1factoey way or assessing 
the degree of' political and psychological alienation or civilians 
whose crops were destroyed, Thus, attempts to measure either the 
costs or the benef'it11 of the program are characterized by substantial 
uncertainty. 

Consequently, &ey" evaluation requires a subjective weighing of 
militaey benefits against psycho-political coats. Nonetheless, it 
does seem highly unlikely that destroying crops to the extent that 
more than 99 percent (or 95, or perhaps even 90 percent) are civilian 
grown is appropriate. Thia does not, however, answer the much more 
difficult question or how much should be destroyed. Attempts to 
answer this question must consider the strategies and tactics of the 
VC/NVA as· well as the interaction with other food denial activities 
of Allied Forces. 

G. Crop Destruction Ia Qnl.y One Aspect of Food Denial. The program 
must ba evaluated in the context of an overall food denial program. 
The VC have many alternative food supplies, and these must also 
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be shut off it crop destruction ia to be tuJ.:q effectiv.. 

A major problem ia that there~ be lem rice l!!nl.uua 
atOf!d in fooci •caret VII•, Binh Dinh it again an extreme 
example, but it illustratea tba magnitude of the problem. 
Theoreti~ the province ia a rioe deficit area, producing 
~ about l.50,000 tona ot rice per 1MI'• Howeftr, Binh Dinh 
imported 1801 000 tona ofUSardGVN rioe tor local oonaumption 
and for export to aurrounuing provinoea. Thua, in actualit7 
tba province had a aurplua of oft!" 1001 000 tona of rice, but 
moat of it waa in ccwrcial channela, 

H. Corruption ia an Obstacl! to Etfectiy! Food Deni al • Thia 
has made it posaible. for tba VC to purchaae through local com­
mercial channel•. The Binh Dinh Province Chief and aewral 
district chiefs were brought to trial in October 1967, one of 
the charges being their compl.ioit7 in the sale of US/GVN rice to 
the en~. Hopetul.:q, behavior of thia kind is rare. However 
where it exista it eases VC/HVA allpliq problems, and is also 
believed to contribute to general alienation of the population. 
Anticorruption measure• are, therefore, important to an ef­
fective food denial program. 

22 

I. ®her Sources of Food Muet. Aleo be Interdicted• In areaa of 
high, and even medi~ population denait7 thia will be ver;r difficult, 
if not impossible. In areaa of aparae population, however, the 
interdiction of other food aouroea becomea feasible and deairable. 

There ia a broad range ot tood. denial activitiea which ahould 
be planned in conj1mction with crop destruction. These include,but are 
probab:Jl" not limited to, destruction ot 1tockpile1, militaey cordoning 
act.ivitiea (eapecially dui'ing harvest time), co1mter logi.1tic1 mia­
aions (e.g., militaey patrol• and PRU operations), rcoval of ci­
vilian! and other population control meaaures, border control, and 
National Police Re1ource1 Control efforta. Thea• activitiea 
have not received adequate coordination. 

J. New Procedurea Should Faci J 1 tate OD!rations and Program Eva£uation. 
In the past, decisions as to program size and implementation had to 
be made without the benefit of all available information. · The new 
procedures should increase the llllOUllt and qualit7 of information 
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available to the decision maker in planning and evaluating crop 
destruction activities. More information and analysis ~ • .u. 
presumably still be required, but the new procedures should 
offer substantial improvements in themselves. 

Since crop destruction is only one of the means of denying 
food to the enemy, however, the appropriate size of the program 
will to some extent be a function of its relative effectiveness 
with respect to other food denial activlties. This, however, 
can probably only be determined in the context of an overall 
review of the food denial effort. 
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SECTION C: PSYCHOLOOICAL WAR.FABE SUPPORT PLAlilUM! 

llEC<»!MENDA.TIONS 

A. Mfective psyops for the herbicide program baa not been provided. 
KACY and JUSPAO should therefore make a concerted effort in coopera­
tion with the GVN P8JOP8 officials to correct this shortcoodng, uti­
lizing our combined resources as required. 

B. Psyops directill8s should be reviewed and brought. into confonnit;r 
with the policies and procedures proposed in this report. 

C. There should be two psyops programs in support of herbicide 
Qperations: (1) a continuing low-key educational program, (2) 
the developnent and execution of psyops campaigns geared directly 
into specific herbicide projects. 

D. Nation-wide campaigns should be avoided. Ps;rops should be 
concentrated on those areas where public disaffection is evident 
or potential. The population of enem,y-controlled or contested 
areas should not, however, be neglected. 

II. SUMMARY OF FINDil«lS 

A, The herbicide issue does not loom large at present, It carries 
with i.t, howewr, a strong potential for trouble due to its emotional 
content. 

B. Although the psychological costs of the program have not been 
serious or UDlll&ll&ge&ble, the psyops support to the program has not 
been adequate. The primaey problem appears to be the failure to 
execute the prepared P870P8 plans. 

c. The present psyops policy guidelines require review. 

D. Psyops personnel at the provincial level are often unaware of 
the herbicide program and its implications. 

E. The VC are active in exploiting our wlnerabilit;r in this fiel.d; 
and the population in the affected areas is receptive to their distortions. 

CONFIIERTIAL 

---------------
1 ________ , __ _ II 



·---·------------ ----------·-"----~-----------

" 
25 CONFIDENT UL 

F. A responsive indemnification program would help minimize 
the psychological costs of the .herbicide program, 

III. ANALYSIS OF PSYCHOLOGICAL WARFARE SUPPORT PLANNING 

In the context of the total war effort in the military, political, 
economic, social and psychological spheres, the present psywar/psyops 
problems in the herbicide program are of comparatively minor signifi­
cance either in South Vietnam or abroad. (III Corps, where the 
majority of defoliation projects have been carried out, is an ex­
ception.) Nevertheless, the issues involved have high emotional 
content, and thus are potentially hazardous within specific audiences. 
Within South Vietnam, such audiences include those whose livelihood 
is affected, those susceptible to the natural misgivings of a rural 
community toward a deliberate program of destruction of living, 
productive plants and those susceptible to VG-inspired distortions 
of the side-effects of herbicide use. Abroad, and particularly in 
the United States, the audiences include scientists who are sincerely 
concerned about the long-term effects of defoliation upon the ecology 
of the country, laymen who are concerned about any destructive aspects 
of war, and those who welcome another club with which to belabor the 
US Government. 

A. Problems by Area 

South Vietnam 

According to the 1967 Nationwide Hamlet Survey, in secure hamlets 
herbicide measures are far from uppermost among villager grievances. 
(Attitudes of people living in enemy-controlled or contested areas, 
however, are likely to be more critical.) Nationwide, the spraying 
of fruit trees and crops is mentioned by about one per cent of the 
rural population as being something that should not be done. However, 
objective data are rare and contradictory, and "informed" opinions 
range from minimization of the public impGct to the view that the 
herbicide issue is of very high priority. In what is perhaps the 
middle ground, it is reported that many people are willing to accept 
herbicide losses as unavoidable in the war, and that they are open 
to persuasion that a reduction in VC activity has resulted. 

Reports indicate that III CTZ is the area of greatest concern. 
Although the hamlet survey indicated that only 5% of the population 
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included spraying as one of their grievances, other opinion surveys 
rank the issue of deloliation as very high in discontent. Some US 
officials gave top priority to the problem in III CTZ, although they 
also said that if timely indemnification payments were to be made, 
the problem would disappear. Significant in an asses11111ent of the 
potential impact is the report that in the election campaign or 
1967, 12 candidates in III CTZ a.re said to have included the herbicide 
question among their political issues, and several of these candidates 
won seats in the national legislature. The issue became a subject 
of scheduled joint hearings of the Upper House cOlllllli.ttees on 
agriculture and defense, focusing on compensation procedures and on 
criteria for conducting defoliation operations. 

The VC have exploited the issue success.t'ully in many places. It 
lends itself to rumor-mongering and other means used by COllDllunist 
agit-prop teams. In addition to aggravating the dislike and distrust 
engendered by the herbicide operations themselves, the VC have 
embroidered the issue by attributing all manner or disease of man, 
plant or beast to the employment of chemicals. 

The United States 

Media and public have shown relatively little interest in 
herbicide operations. The press has confined itself to factual 
news itema or protests by scientists, replies by govern-
ment officials, and routine Department of Defense announcements, 
plus features generated from these items. Editorial c011111111nt has 
been rare, but is generally critical or questioning. Radio and 
television coverage has been infrequent. 

The apathy of the public has been so far unatfected by 
the protests or some scientists. However, the linking ot herbi­
cide with chemical warfare, as has been done, reveals the in­
herently explosive nature or the attitudinal problem. 

It would seem that the need in the United States is for a 
clear-cut delineation bet1119en herbicide and other chemical 
programs, coupled as much as possible with factual data on 
objectives, methods, and results of the former. 

CONFIDENTIAL 

----··-·------- ----·---·1-------------



---------------- ..1.------------1 

27 CONFIDENTIAL 

B. Present Psyops Support Activities 

All herbicide projects must include a psyops plan according 
to present procedures. Approval of projects, however, is not 
contingent upon actual execution of previous plans. As far as 
can be determined, these plans generally have not been executed. 

In addition there is a lack of background material on the 
herbicide program in general, which has led to false claims about 
its effect on vegetation as well human and animal life. Further­
more a less than fully responsive indemnification program has not 
properly served to minimize the psychological costs of the herbicide 
program. 

c. Present Needs 

In the execution of policy, psychological operations must be 
concentrated in those areas ~ both secure and non-secure ~ in 
which herbicide missions are carried out. A nationwide campaign 
would unduly advertise the herbicide program; but scanting our 
psyops action in affected areas unnecessarily leaves a vulnerability 
undefended. It should be emphasized that the population in the VC­
controlled, or contested areas should not be ignored, in a spirit 
of defeatiSJD,. They constitute an important audience as pacification 
and nationwide political development advance. 

The psyops support program must have two aspects, to be 
carried on as appropriate. The first is a low-key, ongoing campaign 
of education in those areas where the herbicide programs present a 
public opinion problem. This could be done under the supervision 
of the provincial psyops committee, using radio, press and other 
appropriate media. The second aspect must be geared directly into 
each defoliation or crop destruction project, following on the 
heels of a particular mission, or preceding it when feasible. In 
order to ensure its execution, this must be the responsibility of 
provincial officials who must have specific committments and suf­
ficient assurance for psyops support before concurring in a project. 
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SECTION D: REFUGEE SUPPORT PLANNOO 

I. RECOMMENDATIONS 

A. The new procedures out.lined in Section G on Program Planning and 
ProcedlU'es shollld be instituted. The7 will involve refugee specialists 
in the preparation and post-audit of herbicide projects to a greater 
extent than before, help ens\ll'e better care of whatever refugees 
may be generated, and provide improved information for Saigon-level 
policy and program officials. 

B. Preparation of refugee support plans will be required only in 
those instances where ref'ugee generation is anticipated. 

C. More information sholll.d be obtained about the conditions of 
life of highland residents and others who have been under enem;y 
control for several years, stressing information about the ef­
fects of crop destruction and other food denial efforts upon 
them. 

II. SUMMARY OF FINDINGS 

A. Herbicide operations alone have not generated a significant 
number of registered refUgeas. 

B. Although the highland residents have been adversel;r affected 
by crop destruction operations, with some exceptions their food 
suppl;r has not been so seriously impaired as to cause man;y of 
them to come over to GVN control. 

c. Ref'ugae support contingency plans prepared for herbicide projects 
in the past have largel;r been a ~ .[orma response to a standing 
program requirement. 

D. Although the generation of ref'ugees by herbicide has been minimal, 
there is a need for a continuing review of all projects from this 
standpoint. In a great many instances, province and Corps-level 
ref'ugee officials have not been oonslllted suffioientl;r in the prep­
aration of herbicide projects. Introduction of the new procedures 
outlined in Section G will eliminate this deficiency. 
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III. ANALYSIS OF REFOOEE SUPPORT PLANNING 

A. Purpose of Re1'ug!e Support Pl.ans 

Present herbicide program guidelines require that a rei'Ug9e 
support contingency plan must be prepared for each herbicide project. 
This plan is supposed to be based upon a Province-lev.l assea81118nt 
of whether the project will have a sufficiently serious effect upon 
the food supply of people in the target area that they could be 
expected to D10ve out and apply to the GVN for food, shelter and 
general assistance. 

The refugee support plan requirement is a feature of the herbicide 
program which probably reflects the early uncertainty on the part of 
policy mak:ers as to whether the program would generate a significant 
number of refugees. The requirements were built into the program 
as a safeguard to ensure that refugees who might be generated would 
be cared for. 

B. Preparation and Review of Pl.ans 

The care of refugees is a GVN responsibility. The program is 
carried out with the close collaboration and assistance of the Refugee 
Division of CORDS. Anticipation of refugees as a consequence of 
military operations and the preparation of contingency plans for 
their care is the responsibility of local GVN officials. The 
Province Chief is assisted in this work by a Refugee Chief from the 
GVN Ministry of Social Welfare and Refugees. 

C. Do Herbicide Operations Generate Refugees? 

According to the testimony of CORDS Refugee Division officials 
as well as the experience of other Mission officials who have 
had experience with the herbicide program, there is little evidence 
to indicate that herbicide operations have caused any significant 
refugee outnow during the war in South Vietnam. A few refugees, 
when questioned, have said that they left their banes because of 
herbicide operations. They represent only an extremely small 
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portion of all refugees, however. 

Accordimi; to Refugee Division officials, it has been difficult 
to ascertain, i.n aey definitive way, w)V people become refugees. 
Combinations of the following reasons, however, have been cited in 
interview surveys: (1) combat operations or the threat of them, 
(2) bombing, (J) VC pressures, e.g., taxes and recruitment, (4) 
marginal and lUlcertain economic conditions. People leave areas 
that have been significantly subjected t·o general militacy 
operations. Presumebly, this would be true whether or not herbicide 
operations had taken place. Some refugees are reported to have left. 
their homes upon seeing spray missions in the area. They considered 
this signified other impending militacy operations. The litter, 
rather than the herbicide missions, was the real source of their 
anxiety. 

On the other hand, there have been military operations in which 
it was intended that the population in the area involved would be 
obliged to move out. Herbicide operations in these instances are 
but one aspect of the overall battle plan, however, and are not 
alone responsible for the refugee outflow. 

D. The Special Problem of the Montaf'Pi!.rds 

We do not know very much about conditiona of residents living 
in highland areas that have been under enellij' control for several 
years. Similarly, we have only scanty information about the actual 
effects of crop destruction operations upon them. Yet most of the 
crop destruction missions are flown in these areas. 

As pointed out in Section D (Crop Destruction), although crop 
destruction operations are specifically designed to weaken the 
military position of the enemy, they have a heavy impact upon the 
civilian population living in the area, i.e., in the present 
instance, primsrily the Montagnards. The enemy can be assumed to 
exercise immediate or ultimate control over most food production 
in areas that it controls. The analysis in Section B concludes 
that approximately 90-95% of the crops destroyed in enellij'-controlled 
areas is grown by the civil population. The Montagnard is in the 
unenviable position of possibly having some of his food crop 
destroyed by herbicide operations or perhaps having it seized by 
the VC/NVA. other commercial sources of food are rarely available 
to him. 
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SECTION E: THE GVN CLAIMS PROGRAM 

RECOMMENDATIONS 

A. The Military Civil Assistance Program (MILCAP) procedures ehoul.d 
be llimp!ified in order to pennit up to $VN60,000 to be paid on a valid 
claim within one month or filing. Thie will expedite the payment 
ot 80% ot all herbicide claims. 

B. A concerted educational effort must be made to increase the advisors• 
knowledge, especially at province level, regarding the policies and pro­
cedures or MILCAP so that they can be implemented more ettectively. 

C. The tull-time services or a qualified plant pathologist shoul.d 
be obtained to assist in the investigation or detoliation damage 
claims and to raise the level -Of awareness on the part or program 
personnel in the tield about th• biological •ttects or defoliants 
on plant lite. 

II. SUMMARY OF FINDINGS 

A. This Program is Operative onl,y in Secure and in Some Contested Areas. 

B. Sol.atium Not Indemnification. MILCAP provides only for solatium 
payments as opposed to full or reasonable indemnification tor damages. 

C. Comparatively Small Amount Paid Out in 1967. In 1967 $VNJ5,J80,000 
were paid to 5,858 claimants tor herbicide damage as opposed to 
$VNJ81,004,000 paid to 16,013 claimants tor other war damage. 

D. Administration is Not Etticient. The administration or the claims 
program is complex and time-consuming. By way or example, each claim 
requires seven or more supporting documents which must be submitted 
in eight copies. 

E. Implementation is Not Unitonn. Application ot policies and pro­
cedures varies widely tram place to place largely because it is dependent 
on the personal interpretation or the province and district chiefs. 
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F. Knowledge of Herbicide Effects Ia Spott:r. Farmers and US and 
GVN officials do not know enough about the biological effects of 
herbicides. 

G. Administrative Irregularities Exiat. There is evidence that 
disbursement of MILCAP funds may be subject to administrative 
irregularities. 

III. ANALYSIS OF THE GVN CLAIMS PRQGRAK 

A. The Financial Maajtude of the Prouam is PresentlY Small. 

Calendar year 1967 was the first year in which herbicide damage 
cla.illls have been separateJ.¥ identified in the GVN Defense Budget. 
In that year $.35,.380,000 were paid to 5,848 claimants as opposed 
to $VNJ81,004,000 paid to 16,0lJ claimants for other war damage. 
It should be noted that $VN14,000,000 of the $VNJ5,J80,000 were paid 
out in the month of December and represent a clean-up of outstanding 
cl.aims that were submitted under procedures in effect prior to 6 
September 1967, the effective date of the current procedures. 

Herbicide damage claims are handled by the RVNAF Political Warfare 
Department as a. eub-categoey under genera.l war damage claims. The 
change to a new procedure required the determination of a policy 
which would expeditiousJ.¥ dispose of outstanding claims frOlll the 
older programs. The policy devised included the following action: 
rejection of all cl~ima dating from 1964; settlement of 1965 cl.aims 
(processed on or before March 1967) at 5~ of the a.pproved amount; 
settlement of the first half year of 1966 cl.aims at 50% of the 
approved amount. Cl.aims submitted for the second half year of 1966 
and in 1967 before 6 September were to be settled in full under the 
former MILCAP criteria. If existing MILCAP procedures a.re stream­
lined as recommended above and the farmers become more aware of them, 
the financial magnitude of the program. will increase. 

B. Computation of Pa:vment 

Under the present system, payment is made on a solatium basis, 
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that is, only a port.ion of assessed amount of damage is to be paid. 
As an example, province may approve claims assessed up to $VN100,000 
but must compute the payment as follows: 100% of the first $VN20,000 
and 50% of the difference between $VN20,000 and $VNloo,ooo. Thus 
the claimant would receive only $VN6o,ooo of a claim assessed at 
$VNlOO,OOO. Over 80% of the farmers in Vietnam. have under 4 hectares 
of land. The average productive value of a hectare under rice 
cultivation is $VN24, 000, thus 80% or more of the .farmers would be 
submitting claillls of $VN100,000 or less. 

C. Policies and Procedures Are Not Adeguate]yExecuted. 

The Military Civil Assistance Program is also called the "Plan 
for the Promotion of Friendship between the People and the Arm;y. 11 

Proced•ires contained in the plan were designed to reduce the opportunities 
for administrative irregularities, and to short.en the delays encountered 
in the pre-6 September 1967 system. These goal.a were to be accomplished 
by reducing the value of a claim that could be approved at province 
level, requiring payment of check instead of cash, and by setting 
limitations on the processing time at each level. 

Some province and district chiefs have made arbitrary decisions 
as to who may or may not submit a claim. These decisions have reflected 
a lack of knowledge of the cl.aim policies and procedures and may 
be viewed as lack of concern for the welfare of the people. Opport.unittes 
for administrative irregularities still exist which lead to charges of 
the sale of claims forms, the p&Jlll8Dt of bribes for processing and/or 
favorable consideration of claims, the charging of a fee to have the 
p&11118nt check cashed, and collusion as to the amount to be paid. 

Interviews with US advisors in the field indicate that their 
knowledge of MILCAP procedures is spotty and insufficient for them 
to advise their counterpart.s in this area. 

D. The Sutem Is Not SutficientlY Responsive to the Claimant 

The cl•i1DBnt must acquire many forms and supporting documents 
and prepare them in eight copies. He must have some of them 
verified at village level, some at district., and others at province 
level. The procedures allow for 172 da,ys cumulativeprocessing 
time through the various steps. There are indications that this 
time is being exceeded. 

For the moat part., the claims forms must be locally reproduced. 
Since whole hamlets, or possibly village~ are o.ften affected at the 
same time, the pr0cess imposes an unmanageable burden on the limited 
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administrative resources of the affected provinces and districts. 

Administrative comp1exity, authorized processing times, and 
irregular practices make this system unresponsive to the needs of 
farmers who have sustained damage to their crops. 

F •. Assessment 

An effective indemnification program is necessary whether on a 
reasonable compensation or solatium basis. It is a very tangible way 
by which the government's concern for the people can be demonstrated. 
It must be simple, however, and require a minimum o! adinin;letrative 
effort on the part of the claimant. It must be rapid and responsive 
enough to allow him to replant nis crops as quickl.y as possible with­
out personal, out-of-pocket expense. 

The principal objective of the claims program should be to 
promote good relations between the GVN and the people. 
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Section 11': Al ASSISSlllll'l' 01' llJCOLOfl[CAL COD!f!W f:. !Ill DBrOLU­
'l'IOlf PROGRAM Ii s@fR VffiiWI 

lfOTE: '1'he following paper vaa prepared bJ Jred H. 'l'•ohirlq • 
ecological consultant to the Herbicide Po11q 1tn1ew C~ttee. 
Mr. Taohirle1 is an ecologist with the VS Department ot 
Agriculture whose expert senicea were •de aYa1lable to the 
Comittee. at its request• during the period ot llr. 'l'aohirleJ'• 
special field trip to South V1etnu flW ld.d-llaroh to ld.d-APr11 1968. 

I. RBOtlOl!i'IDATIOlfS 

A. The deaireabil1t1 ot ecologic reaearoh after the nr end• 
cannot be 0Yer-Hphaai11ed. The reaearoh lholald be adld.t1atered 
through an 1natitution that will l'1'091de contlmd.tJ and breadth tor 
the reaearoh prograa. It the var end• aoon, the opport1lllit1 ot 
eatablilhing ecologic reaearoh under the International :Biological 
Program lhould be explored. 

B. Contin111ng aa1ea111eDt ot the datollation progrua a• it atteot1 
tore•tl'1 and watershed Yaluee lhould be •de bJ the Jore1t1'1 
Branch of VSAID. Ground ob1enation1 are aoat deeireable, lnat 
aerial ISU1'Ye11 during ftrioua aea1on1 ot the rear will contribute 
lllloh good intol'lllltion. 

c. ll'rom an ecologic point ot new, the conoept ot deto11ating 
large area targets 1n stripe or 1n a oheoll:erboard pattern baa 
great aerit. Undetoliated areas vOllld 1erye aa a seed eoaroe tor 
regeneration and &1 habitat tor V1141ite. 

II. S1JlllARY Oll' ll'IlfDilfOS 

A. lfo Etteot on Precipitation 

Defoliation h!as no aeanrable etteot on ataollJlher1• aotatare. 
It would thu ha•e no etteot on preoip1tat1on. 

B. S- Poa1ible Later11ation 

Later111atlcn ot aoll i1 a long-tel'll prooe11 11b1ob ia QH4e4 ap 
11ben aoll la exposed to dlreot solar radlatlan and Vind. 'l'llobirlq 
does not bellne that laterlsatlon baa been baatened 1n ftetnaa 
beoaue defoliation doe• not relllll.t 1n bare aoll. Laterlsatlon 
coald be speeded up, hOV9Yer, aroand Allied ban C1DJ>1 11here the 
soil is kept tree ot 11111' Yegetation. 

----·-------1------··-----
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c. SOiie Bl'o1lon Around Base C!!p1 

T1chlrle7 wa1 not able to exlllllne detollated tore1t1 in 
m0\llltalnou1 terrain tor eYldenoe ot aooelerated ero1l6n. Re did 
not observe lll\J' 1uch eYldence, hotntYer, trca the air. Re did 1ee 
gull1 and lheet ero11on around Allied base oup1 11here Yegetatlon 
has been kept to a mini-. 

D. Etteot on water Table lot A11e11ed 

Dile to laok ot time and ea11 aoce11 to the oount171lde, T1chlrlq 
was not able to a11e11 Whether detollatlon aa1 haYe atteoted the leYel 
ot the water table. Thia could take place, he bell••••· 

I. AdYerae ltteot on the Soll 311ta Ullllll:el1 

Kioro-organ11a1 are an e11entlal teature in the 1011 171tea. 
Rerblolde1 that kill the ld.oro-organ11m1 would haye a •••ere etteot 
on the 1011 eooloa. Orange and 'llhlte herblolde1 should not, hoveYer, 
haYe lll\J' detrimental etteot on aloroblal papulatlonl in the 1011. 

r. Regeneration or !!anpo!• at Least 20 tears 

'1'Vent1 19ar1 ha•• been e1tillated a1 a normal tlae tl'lllll tor 
the regeneration ot llllftll'OY•· T1ohlrle1 bell•••• thl1 1ue tlae 
table would applJ to areas in South Vletnaa 11here aangroye trees 
haye been killed bl herblolde1. Re ba1e1 thl1 opinion upon aerial 
ob1ervatlon or new mangroYe growth extending into an area along 
the Ong Doo RlYer that had been detollated in 1961. TIOhlrle1 
oon1ider1 that 20 7ear1 11 a oon1el.'Yat1Ye estl .. te ot the tlae 
needed tor the restoration or mangrOYe torests. 

o. lo Apparent lttect on Pl1h 

Statl1tlc1 show that there ha1 been a 1teadf increase in the 
tl1h catch between 1965 and 1967. T1chlrle1 belleYe• this lndlcate1 
that herblolde1 hate not serloual1 disturbed the acquatlc tood chain. 

R. Some Reduction in Bird Lite, in !langro!• SVllllps 

T1ohlrle1 belle••• there probablJ ha1 been 1oae reduction in 
the bird population ot aangroye svaaps that haYe been heaYlll 
treated with herblcld••· There 1tlll reaaln1, hove•er, aore 
untreated than treated mngroYe, 
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I, Solle ltteot on Invel'tebrate1 in !llne'O!• StlUIP! 

'.l'he papulation or invel'tebrate1 aurel1 ha• al10 been reduoed 
in the mangrove toZ..1t1, althou&h it i1 un111ce11 that 1111 have 
been reduoed to the point ot utinotion, Again, then are •till 
Mft1 aNa1 ot untreated ungrove toN1t1, 

J, Jtteot on Se111deoiduou1 Pore1t1 

'l'he eoolog1oal oon1equenoe1 ot defoliation 110Uld be expeoted 
to be moat eYident in var Zone• C and D, T1ohirle1 tound it d1tt1oult 
to a11e11 the eoolog1oal atteota ot the war on theae Zone• and on 
the 1em1deoiduou1 tore•i• ot south V1etlnaa, in general, !9•re are 
approxiute11 50,150 kll ot 1uoh tore1t1 ot 11h1oh 8,11JO Im have 
been treated, i.e., 16.~ ot the total 1H1deoid\lou1 tore1t1, Baaed 
upon extrapolation• tram other data and hi• ovn exper1enoe1 in 
tropical toreats el11Where, T1ohirle7 con1ider1 that the defoliation 
b;r herbicide• ot south Vietn111•1 1eaideoid\lou1 tore1t1 would be 
about the 1ue a1 obtained el1evlleN. '.l'he tore1t1 in South Vietnam, 
however, aN 1ometi••• treated two and three t1ae1, '1'10hirle1 
inter• that the eoolog1oal iapaot would beoe1111 progre11ive1J greater 
v1th eaoh 111coeeding treatment, Initial detoliation ¥111 kill 
some treea, but not a high percentage ot thea, 8uooe11ive treat­
ment• will inoreaae the percentage ot ll:illl, 

K. _Regeneration ot roresta 

Data on regeneration ot toreate ia 1oant1, and partioularl1 10 
with reapect ot South Vietnaa. The principal eoolog1oal dallage 
impoaed b;r repeated treataert 1 i• that 1aplina1 and pole• preaent 
in the lover atory, and the 1eedling1, UJ be killed. Thil will 
create problems tor natural re1eed1ng, The tore1ts being defoliated 
1n South Vietnam are aecondary, not priury tore1t1. Le11 time ii 
needed tor the establilhaent ot a secondarr toreat. 

L, Site Invasion bJ Bamboo Could Retard Regeneration 

The greatest damage trcm repeated defoliation is that the atteoted 
areas will be invaded b7 buboo, Thia will 1urel;r cause a retardation 
in the suooesaional progression, It is d1tticult to erad1oate bamboo 
once it ha• established it1elt, The time aoale tor 1uoce11ion in 
the aemideoid\loua toresta ot South Vietnam ia not lmovn. Single 
treatment should not cauae severe 1uooe11ional probleaa, llllltiple 
treatment• will probablJ cause site dOlll1nance bJ bamboo, 

----·--·------1 
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•· Bfteot; aa An!ml Lite lot Dom 

!be etteot an ant•) lite 1n 11etma la not: lmolm. Aooordlag to 
'PBOhlrl~. the 1N&ter the mmber ot tN&t.mt•. the ..-ter V111 
lie the M ge to enlal popal&t1aaa. faolllr~ llellnea t!lat It la · 
clearl.7 poaalble that nob rue bcwlne• u the kOllPNJ. pv end 
bantmg ha•• been eHwt•ted tl'm the defoliated ueaa In tar Zone• 
c and D. Other llllltlll'J' aotlYltlea. bollner. haft Pl'Obabl.7 ha4 a 
tar 1N&ter lapact;. 
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III. Alf ASSBSSllBllT Oll' BCOLOGICAL COlf~uBICES Oll' Tim 
DBPOLlA'l'IOlf PROOIWI II ~l'iiAi 

Fred H. Tschirley 
Saigon 

Apri 1 12, 1968 

IN'l'ROWCTIOI 

The science of ecology may be simply defined as a study ot 
the inter-rslat1onships among biological organisms and their 
intluence on, or their reaction to the env1ro11111ent. Ecologic 
investigations may take the tonn ot studying the response of a 
single specie• to the environ111ent (autecologr), or the interactions 
of a comnnmity of species ( synecology). More recently the study 
of ecology has been approached on an ecosystem basis which involves 
the capture and storage of radiant energy by green plants and its 
subsequent transtor111at1on and reduction by the biological and 
enYil'Olllelltal systems. Por those who want a more detailed 
description ot the interactions in an ecosystem, I would suggest 
Chapter IX or the MRI Report (House, et al, 1967) because it is 
locally available. It is important to remember that the ecosystem 
involves not only the biological organisms, but also all aspects 
or the physical environment in which those organisms live. 

I have stressed the ecosystem approach to ecologic thought 
because it is a modern concept that has evolved in reapanse to 
needs that were not being met by the more classical concepts. 
Despite the interpretive excellence of an ecosystem analysis, it 
Will not be used in this report because the quantitative data 
needed tor such an analysis are not available. But I iould hope the 
reader is aware that an etrect on one element of an ecosystem cannot 
be isolated. That ertect will in turn be an influencing tactor on 
one or several other aspects of the ecosystem. The possible eftects 
on the defoliation program in Vietnam on biota, soils, and climate 
Will be discussed separately, Synthesis or the vartous parts into 
a tully interpretable whole is not possible with the current state 
or knowledge. In addition, there are certain specific questions 
of importance about which a responsible judgement cannot be g1 ven 
simply because there are no data available on which to base a 
judgement • 

The discussion of the possible ecologic cons~uences or the 
defoliation program in Vietnam will be based on published literature, 
prior experience in the eoolog ot the Allerioan tropics, un7 .7ears 
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ot experience in the response ot wood7 plants to herbicides, and 
aerial and ground sul'Veys of selected areas in Vietnam. 
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The mangrove vegetational coaplex was viewed tra. a helicopter· 
overtlight ot the Rung Sat Special Zone (RSSZ) on Jllaroh 28, 1968, 
Defoliation ot the mangrove in the RSSZ was started in 1966, but most 
ot the detoliation fl1gbt1 were made after June, 1967. A mangrove 
area on the Ong Doc River that had been apra79d in 1962 was viewed 
tr0111 a C-12} overflight on April 7, 1968, 

Sellideciduou1 torest in var Zones C and D were surveyed from 
a C-12} on March 23, 1968. A more detailed aerial survey was made 
on Jllarch 27, 1968 trom a high-wing Porter aircraft. Helicopter tlight s 
were also ude over many ot the same areas, and aoae new areas, in the 
course ot being transported to and trom 1pecitic areas that were 

llUl'Veyed on the ground. 

Ground surveys were made fl'(lll Special Porces Cups located at 
Thien lgon, ltatua, Tomg le Chom, and Bu Dop tl'Olll March 29 to April 1, 
1968, inclusive. Several hours were spent in the forest at each 
location to a11e11 defoliation, retoliation, 1ucce11ional pattern•, 
and to get a teel tor the possible ettecta ot the defoliation on 
wildlife. In addition to the personal observations, men at the camps 
were queationed regarding the effect or defoliation on their operation, 
their impressions about the relative difficulty ot human movement in 
the forest (a rough measure or the density and composition of the 
ground story vegetation), and sightings they had made ot wildlife, 

Aerial and ground surveys were concentrated in War Zones c and 
D because large areas ha-e been sprayed with defoliant in those 
zones. Portions of C and D Zones have been sprayed 2 and } times. 
There are no other areas in Vietn81l where nch large blocks have 
been treated or that have been treated 110 intensively (an exception. 
to that statement would be the DMZ). Thus, the ecological consequences 
ot the defoliation program would be expected to be most evident and 
most eaaily defined in those areas. War Zones C and D were also 
accessible tor aerial surveys and the location ot Special Poroes 
Campa attorded the opportunity of close obaervation trom the 
gl'Olllld. 

A conol\lding introductory remark is neoe1111ary, This report 
can in no sense be considered a COllplete, authoritative a111e111ment 
ot the ecologic ettects resulting troll defoliation or forest canopy. 
The conclusions reached a11Pe Judgements based on prior experience and 
the necessarily tew observations that were possible in an area or 
var activity Within the time true d .. anded. 

' 

\~I 
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A. Efteot or Defoliation on Clillate 

Not unc01111only one hears that large-scale moditioation ot 
vegetation (forest to grassland, tor exaaple) or the vegetative 
denudation or an area 11111 cause a change or oli .. te, particularly 
the amount or rainfall. The theory behind this stateaent ia that as 
forest is oovert>ed to grassland or the soil i1 bared or vegetation, 
the evapo-tran1pirational 1urtace ii reduced and thus there is le11 
moisture released to the atmosphere tor 1ub1equent precipitation. 
The raUaoy or the theory is readily apparent llhen one oon1ider1 the 
vast scale ot atao1pherio air flow, with the moaiture it oontaina, 
and the relatively insignificant reduction in moisture that might 
be cauaed by reduced evapo-transpiration. It ia instructive to 
ll&ke acae simple calculations that point 011t the tallaoy ot the 
theory more explicitly, 

By applying the reasoning used tor an arid area (llcDonald, 1962), 
let ua apply some simple oalculation1 to a forested area that is 
100 lllll on a aide. Ir we a11U11e, conaervatively, that the total 
moisture in a vertical colllllll or the atmosphere above our area has 
a depth or 3 om and the air ma11 is moving over the area at a rate 
ot 5 km per hr, then we can calculate that motlt•re 11 paasing 
over our area at a rate or 4,17 x 10~ gm per second. low let ua 
further assume that our hypothetical forest has been entirely 
denuded ot vegetation and we reasoned that it may have been 
contributing 10 percent to the total atmospheric moisture. In 
other words, we exB9ct a 10 percent decrease or rainfall. That 
would be 4.17 x 10 gm per second that would have been contributed 
by evapo-transpiration tram our forest. In other words, our 
hypothetical forest would have tg be contributing moi1ture to the 
atmosphere at a rate or 1.1 x 10 gallons per 1econd. Clearly, suoh 
a figure ii unreasonable. It we carry thia calculation turther 
and consider rie tree vith its branches in the upper o~ middle canon 
tor each 10 m , then evapo-tran1piration troa each 10. area would 
have to be 417 ml per aecond. That i• tar beyond the mea1ul'lllent1 
that have been made or the moat profligate water u1era, 1uoh ae 
salt cedar (Twru pentandra). 

Looking at the probl• in another way, the work ot Ohllan and 
Pratt (1956) lend• itaelt to this d11cuaa1on. '!'hey made mea1ureaent1 
or dew point over and dovnvind troa a desert irrigation pro3ect 
covering same 100,000 aorea near llllla, Arizona (annual precipitation 
about ' in). Despite application ot annual total• or troll 5 to 10 
tt ot irrigation water on th11 area extending aau 20 milea parallel 
to prevailing vind1 tor the 1U1m1er months studied, ail influence or 
the irrigated tield1 upon crop-level dew point• became immeasurably 
small only 100 tt to the lee or the dovnVind edge or the entire 
area. And at 12 tt above the crop level, dew points were not 

1-----·· 
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1111asurablJ' increased even at points inside the irrigated acreage. 
'!lhese Ma1ureMnt1 were made under midda7 conditiona in July and 
August when monthly totals ot irrigation varied between about 017 
and 1. 5 f't or applied water. These measu·reaents show illpre1111ivel7 
the small ettect that artiticial mea1ure1 have on atmospheric 
moi1ture content. 

The conclusion 11111t be that detoliation, or even denudation, 
has no meaaureable ettect on atmospheric moisture and thus would have 
no ettect on precipitation. 

Another point that retutea the evapo-transpiration:precipitation 
theo17 is that water molecule• are not motionless in the atmosphere. 
SUtclitte (1956) estimated that the average time between a water 
aolecule•s evaporation into and its precipitation troll the atmosphere 
to be about 10 da7s. Thus, tr<* mean wind speed considerations, the 
average water molecule 11111t drif't man7 hundreds or lliles betore it 
is precipitated. 

!ltenaive defoliation wotld be expected to change temperature 
patteraa through a toreat profile 1impl1 beoauae there would be 
leas shielding or direct 101ar radiation, In addition, the average 
wind speed would be greater in a defoliated then in an undetoliated 
toreat. These two tact ors would probabl7 not have a great ettect on 
higher plants and animals, but might temporar1l7 attect lower lite 
tonas that are more dependant on speaitic micro-climatic niches tor 
growth and survival. 

--,-----·-·--·-- ·-
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B, Ettect ot Defoliation on Soil• 

One ot the principal tears about exposing soil in the tropics 
is the possibility ot increased later1zation, The term laterite 
generally reter11 to an indurat;ed concretiona17 deposit, high in iron 
or alwninum oxide content, which has tormed in place by the weathering 
or rooks, True laterite hardens irreversibly: it will not become 
sott upon wetting. Laterite has been round to be beat developed when 
the following conditions exist: 

l. The climate must have high rainfall and uniformly high 
temperatures. 

2, The topography llUBt have been tairl1 gentle, peneplain in 
nature. 

'· A well drained soil must have been pres911t, 
an alluvial soil, but soils high in iron content 
exception. 

Thill ill usuall1 
ma1 be an 

4, There must have been a un1tom11 fluctuating water table 
which had a definite high level during the monsoon and a 
definite lov level during the d17 season. 

5. Stable geological conditions must have exi1ted tor a long 
time. 

on11 about 'o percent or the soils ot Vietnam have a potential 
tor later1zation (Taran1k and Cording, 1967). Many ot the red soils 
ot Vietnam, which are otten contused with later1te, d17 out and become 
hard, but sotten again upon wetting. The aott doughy laterite, 
which hardens to a rook-11ke material upon exposure to alternate 
vetting and d1')'1ng is not tound in 11ign1ricant amounts in Vietnam. 

Tvo kinda or laterite are tound in Vietnam, Wom-hole later1te 
is generally consolidated and occurs as massive beds, oonnonly at 
the bottom ot a 1 to :30 tt la1er ot well drained soil. In some oases 
it may be a hard crust right at the aurtaoe or the ground. It is 
red to brown in color, and has a alaga appearance due to numerous 
holes that are otten interconnecting and thus taoilitate the passage 
ot ground water, Worm-hole later1te has been oalled "ground water 
laterite" by earlier reaearohera and "Bien Hoa Stone" by the local 
people ot Vietnam, WOl'll•hole laterite ocoura throughout most ot the 
Mekonc Terrace region, in soils ot both toreated and c'llltivated areas, 

·--·---,----·-···-·-·-·----·-
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Pellet laterite is unconsolidated and occurs as small pellet­
like concretions in an iron- or aluminum-rich soil. The h•rd 
concretions are usually surrounded by fine grained material which is 
generally clayey when moist. The comrser particles in this fine 
grained material are co11110nly.quartz sand which is iron stained. 
Pellet laterite occurs on the iron-rich basalt plateau soils of the 
Mekong Terrace, the basalt plateau or Ban Me Thuot, the extreme 
weatern edge or the high plateau west of Pleiku, and in a small 
area around Quang Mgai. Pellet laterite has been observed forming 
on the metamorphic rocks near Bong Son and on some of the. rocks near 
Qui Mhon. It is likely that worm-hole laterite and pellet laterite 
could occur in the Northeastern Coastlands, but this has not been 
substantiated by field studies. 

Under natural conditions laterization is a long term process. 
The process is speeded up when soil is exposed to direct solar 
radiation and wind. I do not find it reasonable that the defoliation 
program in Vietnam would hasten the laterization process significantly 
because bare soil does not result frcm defoliation. It is possible, 
however, that laterization Will be speeded up around Base and Special 
Porces Campa where the soil is maintained tree of vegetation. 

A description of the major soi•• of Vietnam (including a map) 
in relation to their agricultural use was prepared by Moorman ( 1961). 

Erosion as a consequence of defoliation must also be discussed 
briefly. The degree of erosion that Will occur depends on soil type, 
topography, relative degree of vegetative cover, and rainfall 
intensity. In general erosion will be greatest on steep slop .. - of 
bare soil, decreasing as slope decreases and vegetation becomes more 
dense. But dense vegetation is not a guarantee that erosion will not 
occur, I have seen for example, a solid J to 4 inch sheet of water 
flowing down a slope under a dense tropical nin forest. It has not 
been possible to critically examine defoliated forest in mountainous 
terrain for evidence of accelerated erosion. I have failed to detect 
such evidence during aerial overflights of defoliated areas. Gully 
and sheet ero1ion have been noted around camps where there was 
little or no vegetation. 

The possibility of flooding or of changes in the water table as 
a result of defoliation are subjects that need careful consideration. 
The replacement of woody vegetation with grass in the Southwestern 
U.S. has resulted in perennial flow of streams that were only 
1ntena1ttent before and al10 in the tlow of springs that had been 
dry tor MrJ7 years, There are cases 1n the u.s. Lake States where 
the rise of an already high water table atter logging created a marshy condition 
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that waa unsuitable tor deaireable tillber species. I llelltion theae 
points because theJ have occurred elaetdrere and could conceivablJ 
occur in Vietnam, But I do not know the local 1ituation wll 
enough to ..ice a reasonable a11ea ... nt ot the probabilitJ or their 
occurring here. 

Micro•erganiaas are an essential teature in the soil 17stem. 
A herbicide that killed the llicro-organis•a would have a severe 
errect on the aoil ecoloa. What are the possibilities ot Orange 
and White de1troJ1ng the microbial population in the 1oil T 

The con1tituent1 ot Orange are 2,4-D (2,4•diohlorophenOXJ&cetic 
acid) and 2,4,5-T (2,4,5-tr1chlorophen0X7&cetic acid).· 'l'he con1tituent1 
or White are 2,4-D and picloram (4-allino•,,5,6-trtchloropicolinic acid). 
There •e•• to be no danger that an7 or the three chellical1 will kill 
111cro-ergani••· ActuallJ, mmber1 ot 1oil •icro-organi•• capable 
or inactivating 2,4-D apparentlJ increase when 2,4-D ii pre1ent in the 
soil. Thua, repeat applications or 2,4-D were le11 persistent in soil 
than the initial application (Sheet• and Danielson, 1960). I do not 
have similar intol'llltion here tor 2,4,5-T, but I 1'811 .. ber no publi1hed 
literature 1ugge1ting that it1 ettfft on aicro-organiDI ii signiticantlJ 
ditterent tl'Clll 2,4-D. Picloram did not de1tro1 1011 a1cro•6rgan1 .. s, 
but neither va1 the llicrobial population enriched as a result or 
piclol'lll application. 'l'h••· picloram cannot be considered a good 
enera aOlll'Oe tor llicro-organi.... 'l'he decomposition or piclol'lll 
vaa an incidental proce1s in the breakdown of' 1oil organic matter, 
requiring the 1011 ot anroximtelJ 10,000 to 100,000 lb1 ot organic 
matter per lb ot herbicide (toungaon, et al, 1967). 

Orange and white lhould have no detrimental ettect on microbial 
populaticna in aoil. 

------------- ----------------·1-----------· I 
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c. ltteot ot Detol1at1aa on Plant and .ln1al PC!fl!ll!tlom 

Kot all plant specie• react a11111ar1J to herb1c1dea. The 
d1tterent1al suacept;1b111tJ 11aJ be a t'llnctlon ot tllle ot treataent,. 
mture ot the leaf nrtue, Yariable capaoltJ tor abaorptlon and 
tranalooatlon ot the herbicide, bloohetd.•tl'J ot the plant, or the 
nature ot the herb1o1de 1taelt. '!has, 1n anJ Yeptatl•e tne, one 
1IOllld expect that acae 1pecle1 would be killed ea•11J; other• With 
1Nat 41tt1cultJ. The .angroye aaaoo1at1on •-• to be an exception 
to the general l'llle 1n that llOlt, 1t not all, ot the .angroye specie• 
are 1n111oept;lble to the herb1c1dea being 11Hd 1n Vletnaa. Por that 
reason, and because the .angroye aa1001at1on preaenta a dltterent 
aet ot ecological con11derat1ona than does the 1ell1uelduou1 forest, 
eaoh will be d111cua1ed nparatelJ. 

1. !l!nFo•e Poreat 

Botanical cona1derat1on• - 'l'he mangrove a11001at1on 11 relat1vel7 
alaple tioriaticallJ. 'I.fie principal apec1•• are listed below. 

Sp!clea lPlllllJ Local Kame 

Verbenaceae Man Den 
• Man Trang 

Rhlzophoraceae Dlloo 
• Vet Taoh 
• Vet Dll 
• Da 

Palmae (Water pallll) 
• (Date pallll) 

Coabretaceae Coe 
Punlcaceae Ban 
MJrt;aceae Tram 
Buphorblaceae Ola 
Mel1aceae Su 
Rutaceae B1ba1 

Other plant 1pec1e1 are represented 1n the 1181lgl'OYe tn>e, but 
the7 are ot leaser 1mportance. 

Susce 1b111t to herb1c1de1 - The mangrove species seem to be 
alllost orm 7 suace e o range and White, the herbicides used 
tor their control in Vietnam, One species 1n the RSSZ was not defoliated, 
but 1t did not constitute a higher percentage or the composition. 
Undeto11ated tree• were not observed in An X117en Province. An area 
on both sides or the Ong Doc River, vhloh was spra;red in 1962, was 
ot particular interest, The treated area was still plainl7 visible. 

--------------- -·------------·1------------ I 
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Thus, one must assume that the trees were not 11apl1 detoliated, but 
were killed, 

successional aspects - The mangrove type in RVlf occurs on about 
2,800 1cm2 (Mc!C1nley, 19571. According to Mclt1nley, Avicennia marina 
is the pioneer species or the mangrove type, colonizing on the clay 
accretion areas at the sea tace. At the 5th and 6th rear Rhizopllora 
conjugata, Bruguiera !!rvitlora, and Ceriops divers will develop Where 
there has been partia stabilization or the soil, About the 29th 
year R.hizophora and B~era will dominate the site. Prom that point 
on, further succeBBionepends on the degree or silting and the 
consequent decrease or water circulation. As organic matter accumulates, 
conditions are created for the advent or other species ot the mangrove 
complex. The final stage in the mangrove type is the cajeput 
(Melaleuca leucadendron), round on the highest, most stable soil above 
high tide, 

Seed production is annual and abundant to prolific, with seeds 
viviparous or otherwise, or high germinability and capable or remain­
ing viable ror long periods (Ano11111ous, 1958a). Oel'llination and 
rooting are usuall1 rapid and successful. In soae locations, when 
the seeds are able to settle as a result ot tavorable water conditions, 
natural regeneration may become 1ucces1ru111 established in less than 
a year. The movement or the water, however, mar not onl1 bring in 
seeds but may also carry them away be tore they can take root. 

The most serious animal pest is the cnb, which may entirely 
prevent regeneration bf attack• on seedlings (Woakes, 1957). In 
Malaya 2 species ot Acro1tichum (a tern) ..,y hinder the establishment 
or water-borne seedling1, The tern grow• and spread• rapidlf when 
the tree cover is removed. McKinley (1957) mentions two (Choai, a 
creeping torm; Don, an erect torm) as occurring in the clillllll mangrove, 
but does nd; comment on their possible interterence with regeneration. 

Ecologic considerations - According to the timetable discussed 
by Mckinley, about. 20 years are required tor the establishment or a 
dominant Rhizophora-Brufif;era a1sociation, That timetable was 
established for a situa~n in which newly silted areas were 
colonized by Avicennia and then replaced by Rhizophora-Bruf.[iera. 
But it is not unreasonable to 1uspect that the same B'.iaeta e would 
apply to areas in which the trees had been killed bf herbicides. 
Dead trees do not hold 1oil as well as do living trees. The amount 
or soil removed would be dependant on the rapidity or tidal 
rece111ion, which is unknown to me. The greater amount or soil 
removed, the greater will be tlle time required tor regeneration or 
a mangrove stand similar to the original. 
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The 20 7f' tilletable tor regeneration ot m&ngro'ff ia supported bJ 
aerial ob1erYationa ot the 1962 treataenta along the Ong Dile River. 
And please reaember that this interpretation ii baaed onl7 on an 
aerial IUrYeJ trca about 2000 tt. Regeneration ot mangrove was 
apparent a1 tinger1 extending .into the treated area, but in no caae 
did I obaerYe thoae tingera extending the entire breadth ot the 
treated area. I a111uae that seedling• and jUYenile• were preaent in 
a tront beJond the tree1 that were diacernable, but I have no proot. 

Siz ;reara have pa11ed aince treat•nt and tnea ot the colonizing 
apeciea are not Jet diacemable troa 2000 tt. on all the treated area. 
'!'hue ,•raPolating the intormation provided b7 RcltinleJ, 20 1ear1 is 
a conserYative e1ti11&te ot the t1ae needed tor thia torest bo return 
to its original condition. 

Little intozwation ii available reprding the ettect ot killing 
mangrove on animal population•. In that reprd, I have considered 
the tood chain aaong aquatic orpniaa. Alth~ it has not been 
po1aibl1 to obtain intozwation on the a&111 llnlE1 in the tood chain, 
phJtophago1111 and camlvol'Olla t11h VOllld be at the top ot the tood 
chain. l>f.1rtaptlon ot lo'iler links in the ollaln vOllld be retlected in 
reduced tllh population•. 

IntOl'll&tion on tlah population• is baaed on ti1h catch stati1tica 
provided bJ the J.l'i1herie1 Branch ot VSAID. '!'he total catch, in 
•trio tone, tor the pa1t three 71tara 11 given below. 

Year Jrelh water lllarine Cuttletiah, aollu1aa, Total 

- lhriap1 crab1 1 eta. 

1965 57,000 289,000 29,000 375,000. 
1966 64,710 287,450 28,3llO 380,500 
1967 54,300 324,700 31,700 379,700 

In general there baa been a 1teadil7 increasing tlah catch. 
'!'he drop tor trelh water tllh in 1967 va1 at tlrat a oauae tor 
aonc11m. But Ill'. Thuang, Aa1iatant Chiet ot Inland '11herie1, 
explained that the reduction va1 due to an abaenoe ot tlooding in 
the hkong Delta in 1967. Vhen tlooding 4oe1 oocv, tllh are 
trappsd in rice paddies and tllhezwan have no tl'Ollble catching the•. 

Tbe tllh aatoh 1tati1tic1 give a 1trong indloati0n that the 
aquatic tood chain ha• not been 1eriou1l1 di1turbed. 

Bird• depending on the ilangrove tor nesting, tood, and cover 
have,ot courae,been atteated. 'l'heJ cannot sUrYive when the environ-
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aent has been altered so drastically. Bllt there is still more 
untreated than treated mangrove. Unless the mangroye t:ne was 
already ntvated with· a bird population, aoae ot the birds woiiild 
move to untreated areas. It h illlportant to remember, however, 
that moat bird species observe. a strict territorialit7. Individuals 
or taailJ' units will neat and search tor toocl only within a specific 
area. An intruder will either be driven otf or will supplant the 
present oocupanta; they will not both occupy the aaae area. 'l'hua, 
it is reasonable to a111U11e that there has been some reduction in 
bird populations. I suspect that, proportionately, the bird 
population reduction ha11 been le11 than the area treated with 
herbicide. 

Eftect11 on other tol'lllJ ot animal life are unknown, but surely 
the population ot invertebrates In particular ha11 been reduced. 
With habitat destroyed, there could be no other conclusion. It i11 
extrHel7 unl1kel7, however, that ant invertebrate 11pecie11 ha11 been 
decimated to the point ot extinction. '!'here are still many mangrove 
areas in which the trees have not been killed. 

The application ot herbicide in 1trip1 or in a checkerboard 
pattern, rather than large-area treatment, would be a tremendous 
ecologic advantage. The trees remaining in untreated areas would 
provide a seed source tor retoreatation as well aa habitat tor 
animals and lover plant fol'lll11, 

2. Semi-Deciduous Forest 

HVH hall a total area ot 172,540 1a12, ot which about 30 percent 
is forested (McKinley, 1957). The t:nes or tore.at and their area or 
coverage were stated by McKinley to be: 

Open forest 
Flooded tore11t 

• • • • • • 

Mangrove • • • • • 
Other aquatic plants 

Coniferous forest 
3-leaved pine • • • 
2-leaved pine • • • 

• • 
• 

• 

• • • • • • 

• • • • • 
• • • • • 

• • • • 
• • • • • 

• • 2,800 
• 2,000 

• 900 
• • 3~0 

56,2 0 1Cm2 

Through 1967, 10,107 1cm2 had been treated with defoliant 
(Moran, 1968). That figure does not represent the actual area 
because same 1ite11 have been treated tvo and three times, principally 
in war Zones c and D. Retreataent areas represent about 10 percent 
ot the t~tal, ao the actual treated area i11, in round n1111ber11, 
9,100 km , which represents about 16,2 percent ot the total tore11ted 
area in RV11. · 
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The mangrove area treated in the RSSZ i• 460 1aa2 (Moran, 1968) 
other treated mangrove in 2v Corps probabl7 represent• about 500 km~. 
Thus, ap~roximatel7 960 Ian or mangrove have been treated, leaving 
8, 140 km ror the treated area in the selll1deciduou11 rore11t11 or RV!f. 
That represents 16. 2 percent or what McKinley designates as "open 
forest" and I designate a11 sellideeiduoua rore11t. 

I have concentrated 1111 errorta on War Zones C and D because 
large blocks have been treated and nU11erou11 areas within those 
blocks have received multiple treat111ents. Thus, the ecologie errect 
would be greater than in areas not tr~ated so intensively. The area 
ot treatment in War aone C wa11 920 km at the end or 1967; in War 
Zone D 1,920 km2 (Moran, 1968). Another large treated area is the 
DMZ. But the law or "preservation or the specie• II took precedence 
over scientific curiosity and precluded a visit by me. 

Botanical considerations - In keeping with my ccncentration on 
War Zones C and D, I W!ii not attempt to characterize the forest 
vegetation or all RVM. There are different forest types, but, except 
tor the pine forest, the differences are ones or degree rather than 
1ub1tance. My discussion or the rore1t11 in III Corps can be extrap­
olated to ether semideciduoua rore1t1 or RVM, but not to the pine 
forests, or to the small area or rain roreat that probably exists 
(baaed on literature reviews and weather records) in a small area 
or NW RVN along the Laotian border. 

The roreats or war Zone C are, tor the moat part, what has 
been described as secondary forests with an admixture or bamboo, and 
aemideciduous rorest or Lagerstroemia and legumes (General Forest 
Map or RVH, Phan Thuong Tuu, 166). The forests or War Zone Dare 
Moist Forest over most or the area, and semideciduous forest or 
Lagerstroemia and legumes over the remainder (ibid. above). 

There are obvious differences among the three forest types to 
a trained botanist or ecologist. But the differences are taxonomic 
tor the most part., Physiognomically, they are similar. In tems or 
ecologic considerations therefore, they will be discussed on the 
basis or similar successional patterns and similar time scale in which 
the succe1111ional patterns will occur. 

The three forests are similarly characterized by having members 
or the family Dipterocarpaceae as dominant trees in the upper canopy. 
But this does not mean, necessarily, that D1pterocarp11 are numerically 
superior. other families that are well represented include the 
Legwn1no1ae, Meliaceae, Lythraceae, Outtiterae, and sterculiaceae 
(personal observation1 Tung, 1967; McKinley, 1957: Williama, 1965). 
Botanical ce11position, taxonomically and 1n1111tr1oall7, will vary from 
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one location to another. 

The ditticulty or a botanic description or the torest may be 
appreciated With the knowledge that about 1500 woody species occur 
in RVlf (llclC1nley, 1957). Mo~over, I 1aw the rore11t11 at a time 
when identification was •oat difficult. llan7 1pecie11 are normallJ 
deciduous at th11 tille or the rear; aany that are normally evergreen 
have been defoliated by herbicides. 

I 1111at aention at this point, there could· not haYe been a worse 
time to aa1e11 the ecologic iapact of the defoliation prograa on the 
sem1deciduou11 tore11t11 ot RVI. lmpre11ion11 are aost confusing. The 
c011bination or natural defoliation, defoliation by herbicides, and 
defoliation bJ the lllllll1• lllllll1 t1re1 (civilian and military caused) 
in War Zone• C and D leaYe me With the helple11 teeling that many 
tactors have caused the present conclition of the toreat11, but the 
relative importance ot each factor cannot be properlJ a111e111ed. 
Given enough time and accessibility to the forests tor intensive 
study, the present contusion could be resolved. But to eYen attempt 
a careful delineation or the cau1atiYe tactora within a l•month period 
would be preaU11pt110U1, An ecologic aaaeaaent during the middle or 
latter part of the rainf seaaon would not haYe to contend with the 
confounding intluence11 or natural detol1ation and tire. 

suapeptibility to herbicide• - The relative susceptibility or 
specific species in the seil144c14Uoua tore1t1 or Vietnu is not 
known. In addition, the average 11uaceptibilitJ or the vegetative 
type is unknown. The beat eati•te I can obtain ia an extrapolation 
ot data developed in Thailand by Darrow, et al (1966) and in Puerto 
Rico by Tschirley, et al (1968). 

Darrow 111 tests in Thailand were conducted in a semi-evergreen 
mon1oon forest having an annual precipitation of about lfO inches. 
Two hundred twenty plant apeciea were identitied tram two test sites 
totalling 3,l!Oo acrea, 10 species diveraitJ waa high. Darrow round 
that 2 or more gallons of purple cauaed effective defoliation (more 
.than 60 to 65 percent) of the toreat complex tor a period or 6 to 
8 or 9 months, Percentage• or kill were not giYen, but theJ would 
haYe·-een considerably lover than tor defoliation. 

Tschirlef, et al worked in a aeai-evergreen forest in Puerto 
Rico having an annual precipitation of about 85 inches, Species 
diYer111tJ was high; 106 woodJ species were recordtld on 2.4 acres 
in an area ad3acent to the aerial teat plots. TachirleJ, et all also 
worked in a tropical rain toreat in Puerto Rico haYing an annual 
precipitation of about 120 inchea, About 88 woodJ apeciea were 
recorded tor the rain forest aite. Defoliation in the aemi-eYergreen 
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torest treated 1f1 th 3 gallons ot purple was 61 percent 6 months post 
treatment. In the rain torest, an equivalent rate ot orange provided 
66 percent detoliation 6 months post treatment and 55 percent l year 
post treatment. 

Thus, the detoliation obtained in taxonoaically distinct torests 
in opposite parts ot the world was similar. It is justitiable, then, 
to expect that average detoliation in the selll1•eciduou1 torests ot 
Vietnaa would be about the 11.11e. Actuall7, I would expect detoliation 
in Vietnam to be somewhat lower because applications are made trOll a 
greater height than was the case tor the experimental work in 
'1'1ailand and Puerto Rico. 

l'lllltiple treatments were not made in Thailand or Puerto Rico 
so the ettecta ot 2 and 3 treatment• in War Zones C and D can onl7 
be interred instead ot being extrapolated trom actual reaearch data. 
But the interence ia necessal"J' because the ecologic impact beccaea 
progre11ivel7 greater Vith each auceeding treatment. 

A single treatment Vith 3 gallons or orange or White would not 
be expected to have a great or lasting etteot on a semideoiduous 
torest in Vietnam. Some trees would be killed and the canopy would 
be le11 dense. But within several 7eara the canopytbuld again be 
closed and even a caretul observer would be hard pressed to circ1111-
scribe an area that had been treated. But a seoand application, 
e1peciall7 it ude within 3 or 4 months after the tirst, would have 
a llholl7 ditterent ettect. 

Research on a 2-stories oek·J8Upon torest in Texas showed that 
the top canopy intercepted about 72 percent or the spray droplets 
and the undel'lltOl"J' 1nteroepted an additional 22 percent. Onl7 6 
peroent of the droplets reached the ground (T1ch1rle7, et al, 1968). 
'l'hus, one would expect that the principal ettect troll an initial 
treatment would be an trees ot the top canopy, As the den11t7 or 
the top canop7 is reduce4, second and thir« treatments will kill 
110re trees in the . top canopy and have a tar greater ettect on the 
understol"J', regenerating vegetation, 

The theoretical response to llUltiple herbicide applications 
developed in the prertoua paragraph vas supported by observations 
on the ground, The area visited at 'l'hien •son vas 1pra7ed with 
oraap on 19 Dec 66, the area at 1Cat1111 vas treated with white on 
9 •ov 66 and with orange on 28 Oct 67, Two areas were visited at 
Tong le Choa: one treated with orange on 23 Sept 67 and the other 
With white 7 lov 66, There were aore dead trees and a higher 
detoliation percentage at 1Cat1111 than at any other site. Granting the 
inadequac7 or the sample at each location, the ditterence between 
ltatum and the other sites vas obvious. 
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SUccessional aspects - I can think ot no better introduction 
to this section or 117 report than a quotation troa a recognized 
authority on tropical torests (Richards, 196~). "The process ot 
natural regeneration in tropical torea~a is no doubt exceedingly 
complex, and, though its practical iaportance to the torester is 
obvious, surprisingly little is known about it. Much ot what has 
been written about the so-called •natural regeneration• or rain 
forest reters to the reproduction or a tew economic species under 
conditions rendered aore or leas unnatural by the exploitation ot 
timber. Betore regeneration under these art.iticial conditions 
can be understood or controlled acientitically we need to know 
what happens under undisturbed conditions, and intormation about 
this is extremely scanty". · 

I muat emphasize the last sentence ot Richards. Data on 
regeneration ot tropical forests is indeed scanty -- and particutarly 
scanty tor Vietnam. 

There aeeas to be general agreement that the usual aucceaaional 
series in a terrestrial tropical toreat ii grass---~ ahrub----~ 
secondary toreat----~rimary torest (Richard, 196~: Williams, 1965; 
Ano11J1110US, 1958 b). But such a general stateaent is hardly coatorting. 
It is born ot desperation, matures through repetition, and dies only 
in some distant generation. The same aucceasional aeries could be 
applied equally well to deciduous torests in temperate zones. 

The theory is not really all that bad. It there were only 
a temporal detel'lllination that could be applied, the general statement 
could be made more spewitic. 

Because or the absence or data about forest regeneration in 
Vietnam, perhaps an example in a different situatlmn would be 
instructive. The island or lrakatau represents a classic example or 
ecologic suaeession. According to Richards, trrakatau is one or a 
group or small volcanio islands situate• between Java and Sumatra. 
Early in 1883 it was about 9 km long and 5 km broad, rising to a 
peak 2728 rt (82~ ml above sea level. At this date the whole island 
was covered with luxuriant vegetation. About the nature and 
composition or this vegetation next to nothing is known, but there 
is every reason tor supposing that it was mostly tropical rain 
forest similar to that now existing in the neighboring parts or 
Sumatra. In May 1883 the volcano which had long been regarded as 
extinct, became active and the activity gradually increased till it 
reached a clilllBX on 26 and 27 August. On those two days occurred the 
famous eruption, the sound or which was heard as tar· away as Ceylon 
and Australia. More than halt the island sank beneath the sea, the 
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1peak being split in two, though its highest point still remained. The 
surviving parts of Krakatau were covered with pumice atone an~ ash to 
an average depth of about 30 m and a new marginal belt 4. 6 km in area 
was added to the southern coast. During the period of volcanic 
activit1 the bulk r:f the vegetation was certainl1 destro1ed. The 
annual precipitation on Krakatau is over 100 inches -- conaiderablJ 
more than the 80 inch average for War Zones C and D. ·For a while 
the island remained without anJ vegetation. The only living thing a 
visitor saw in Ma1, 1884 was one spider. In 1866 there was alread1 
a considerable amount of vegetation on the island and the succeeding 
aeral stages have developed quite rapidl1. A diagram of the 
succession is given on the next page. 

"The developnent of vegetation on Krakatau has not yet reached 
a stable climax stage, but the general course or future changes can 
be predicted with some confidence, at least for the middle and upper 
regions or the island. In the former it may be expected that the 

1Macara~-Ficua woodland will develop bJ a series of changes into 
stable c imax mlin forest to some extellll similar to the mixed primary 
rain forest of the neighlloring parts of sumatra and Java. How long 
this developaent will take is difficult to guess, but the study of 
11econdary successions suggest that it will be much longer than from 
the great eruption to the present da1 (Richards, 1964). • 

The ex&11ple or Krakatau cannot, of course, be directly applied 
to the semi•eciduous forests or Vietnam. But Krakatau is an excellent 
example of the relative time that is needed for the development of a 
mature freest 'llhen it must start from nothing. 

There are a few published records of tree ages in tropical 
forests that giYe an indication ~ the ti• required for regeneration 
ot a mature forest. Brown (1919) shoved that an average individual 
ot Parashorea malaanonan in the Phillipine Dipterooarp forest reaches 
:a dlwter or Bo ca In 197 years. Watson ( 1937) established the 
aYerage llllX1- age of Shorea leproaula in lllalaya at 250 1ears. Both 
are priaary forest species. The last-growing trees characteristic or 
Joung secondary forest haYe a shorter lite than do prinry forest 
species (Richards, 1964). 

The principal ecologic danger imposed by repeated treatments 
with herbicide is that saplings and poles present in the lover story, 
and then seedlings, aay be killed. If that happens in large areas, 
natural reseeding will be a problem. Dipterocarp seeds are wind­
disseainated and thus would be expected among the first tt.ree species 
to repopulate an area. Seeds or other species, dependent on diss•­
ination by small 1181111118ls and rodents and by birds, would probably 
not spread as rapidly. Seeds of some species would undoubtedly remain 
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viable in the soil and would germinate after the last in a series or 
· 1111ltiple treatment a. ManJ 1pecie1 in the falllf.lJ Legullinoaae have that 

capabilitJ. Le11 is known about seed characteri1tic1 in other taa1lte1. 
I have tound no infol'll8tion about the longevitJ ot seed• in tropical 
soils. Turrill. (1957) reported it ha• been pro.ed at Rothaa1tead 
that 11eed1 or arable weeds remained viable in soil under pasture 
atter 300 1ear1 in one area and 30 to 40 fears in others. 

"Little is known of the tille aoale ot aecondal'J 1ucce111ion11 in 
the tropics. Chevalier (1948) 1tate1 that the toreat on the site or 
the ancient town of Angkor Vat in Caabodia, de11tro1ed probablJ some 
tive or six eent'IU'1.e1 ago, now resembles the virgin tropical forest 
of the district, but still 11hovs certain ditterence1. In general it 
1eea11 clear that the longer the period between the de1truct1on or 
the priMl'J forest and the onset ot the aecondal'J 1uoce11ion and the 
greater the modification ot the soil and the env.ironaent in general 
charing this period, the longer the tille needed for the rli-e1tabl11haent 
of the cl1111Jt (Richards, 1964) •. 

'l'he paragraph quoted does not apply to the tore1t1 being 
defoliated in Vietnam because the Vietnamese tore1t1 were not priaal'J, 
but secondal'J at the time ot treatment. 'l'he tille required tor the 
e1tabli1hllent ot a aecondal'J forest ii much le11 than tor a Priaal'J 
forest. 

The greatest danger resulting rro. repeated defoliation 
treatments in Vietnam is that such areas will be invaded by baaboo. 
'l'he presence of bamboo ii the ao1t constant feature ot the tore1t1 I 
have seen. Species ot large bamboo (the moat COlllllOll being Dendroca1aau1 
1triotu1 and Baabuaa arundinacea according to a local V1' tore1ter) are 
PirticularlJ apparent in areas Where the "rai • (slash and burn) 111te11 
ot agriculture has been practiced. But bamboo is not limited to 
areaa that were previou111 cleared or trees. A 1mal1-1te-ed bamboo 
ii present as an underator:r in ll8llJ forested areas and can be 1een 
frequentlJ where tree1 have been detoliated. In addition, the small 
bamboo (llohi1011tachA 1oll1ngeri), 10 to 15 tt high, wa1 present in 
the toreat at all o he caapa viaited. The presence ot bamboo in 
Asian tore1t1 is well docwaented (Richards, 1964; Williaas, 1965 
and 1967; Ahllet, 1957; AnOllJllOUI, 1958 Cl An011J1110Ull 1 1961). 

Bamboo ia RVH cannot be considered galler:r vegetation, as it 
is in Puerto Rico, because it occurs c111111onl7 throughout the forllst. 
But aerial observations suggest that it tirst invades new areas 
along routes ot more favorable moisture 1upplJ. Prom there 1t can 
spread throughout the forest. 
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While making ground obserYations at the 4 camps, we attempted 
to evaluate the relative densit1 or seedling and sapling tree species 
in bamboo-infested and bamboo-rree sites, Although I have no 
quantitative data, Mr. Pllllllll and I agreed that seedlings were rare 
in dense bamboo, but frel(Uent. to nUMrous where there was no 
bamboo. Probably or more importance is the fact that saplings 
were extremely rare in dense bamboo. 

The length or time that ba11boo might retard the usual successional 
progression 1s unknown, but I am certain it would cause a retardation. 
The statement or AhlleG (1957) which follows is probably an exaggeration, 
but nonetheless cause ror concern. "A bamboo will be the first member 
to colonize on a new site in a seed 7ear and will be the last to 
leave it. onee established on a soil it is difficult to eradicate 
it•. 

The life history or different bamboo species varies, but usuall7 
culllls die arter flowering~ The geJ'lllination to flowering c7cle ma7 be 
rrom 30 to 50 7ears (Richards, 1964; McClure, 1966). Flowering 11 
gregarious (llhole populations flowering in~one 1ear) in some specie• 
and sporadic in others. Moat bamboo apeciea have very efficient 
vegetative reproduction from buda on creeping rhizomea. 

Seedling 11ortalit7 or tree 1pecie1 is naturall7 high in tropical 
forests. A 1tud7 or Euterpe globoaa, a palm round in the American 
tropics, showed that the aortalit7 or seedling• was 95 percent, or 
established seedlings 12 percent, and ot shrubs 64 percent. Thus, 
only 1,6 percent or the seedlings s'Rl'Vived to the tree stage (J. 
F. McCormick in Odum, 1965). Another study (R. F. Smith in Odum, 
1965) showed the average halt lite or all seedlings in test plots 
to be 6 months. 

It it were not ror the probable invasion b7 bamboo or severely 
defoliated areas in the forests or Vietllllll, I am resonably certain 
that the succes1ional progression to a secondary forest or trees 
would proceed without undue retardation. A reason tor reeling so is 
based on data rrot1 plots in Puerto Rico that were treated with 3,9, 
and 27 lb/acre rates or picloram, bromaoil, dicamba, diuron, tenac, 
and prometone applied to the soil. The plots were examined 2 years 
atter treatment tor seedling presence, Man7 or the secondary forest 
species and several primary forest species were present as seedlings. 
In addition, there was no apparent differential effect ot the 6 
herbicides. (Tschirley, unpublished data). 

In conclusion, the time scale tor succession in a semideciduous 
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forest in RVlf is unknown. Single treatments with defoliants should 
not cause severe successional problems, but multiple treatment• 
probably will because of site dominance by bamboo. Por what it is 
worth in e1tiating the 8\lcce11ional time scale, the average annual 
diameter increment of Para1horea malaanonan, (a Phillipine D1pterocarp) 
growing in the open was o.42, 0.55, and 0.7, cm, respectively, tor 
diameter classes ot O - 5, 5 - 10, and 10 - 15 cm. 

Ecolo~c eonsiderations - The ecologic considerations a1 they 
apply to p int populations were di1cu11ed in the previous section 
of this report. The effect ot defoliation on animal populations i1 
truly unknown. However, the degree of effect on animals would 
parallel that tor plant populations -- the greater the nUllber of 
herbicidal treatments, the greater the harm to an111lal populations. 

Men stationed at Special Poree• Campi have told ae ot seeing 
deer (2 reports), birds (many report1), tiger (1 sighting, 1everal 
sound identitioations), elephant (2 reports), monkey (numerous 
reports), cold blooded vertebrate• (numerous reports). We saw a 
tiger track in the road at Jratum. There were no reports ot 
bovines. It i1 surely po11ible that such rare bovine• a1 the 
kouprey, gaur, and banteng have been eliminated from the defoliated 
areas in War Zones C and D. But I 1u11peot that bombing, artillery, 
tire, human presence, and hunting haYe had a tar greater effect 
than defoliation. 

-·------··-··--1--··--" 
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D. Toxicit1 or Herbicides 

A d11cu1sion or ecologic ettects WOllld hardll be C0111plete 
without mentioning the relative toxcitJ or the herbicides being 
used tor defoliation and crop.destruction. All the herbicides 
used here are onl1 11oderatel1 toxic to vani blooded aniule. 
lfone deserves a lengthl discussion except tor agent Blue, 'llhich 
contains arsenic. Inorganic ar1en1cal1 noh ae arsenic trioxide, 
11od1ua ar1en1te, lead arsenate, calciim arsenate, and Par11 Green 
are extrael1 toxic. Organ1o ar1en1cal1, IUoh a1 Blue, have a low 
.._lian toxicit1. Two series or organic ar1en1cal1 are used 
as herbicides. The arsonic acid 1er1e1 ii tonied bl a Bingle 
organic group c011bined directll to arsenic; the araen1o acid 
series has two organic groups. Bl varJing the organic group in 
either 1er1e1, a wide range or JlhJtotoxicitie1 can be obtained in 
products with a relative11 low level or llllllllllian toxioit1. The 
chart on the next page gives the LDi;o (Ilg/kg or bod1 weight needed 
to kill 50 percent or rat.test an1llil1) tor the herbicides used in 
RV!f. and tor several other chellical C011pound1. 

'i, 



LD50 tor aaae o~ pesticides o011pared with aspirin. Values tor each chemical 
are milligrua per kilogra11 bod7 nigbt. 

------------
----------------
---------------------
---------------------------------------------... --
---------------------------------------------... ----
---------------------------------------------... --------

25 Sodium ar1enite 

25 Keth7l parathion 

50 P!ndrln 

75 Dieldrln 

125 DI71' 

175 Paraquat 

,00 2,4,5-T 

400 2,4-D 

525 Chlordane 

1775 A11~r1n 

2600 Ph,.tar 560 (Agent Blue) 

8200 PicloJ'811 

Reterenoe: Herbicide Halldboolc ot the Weed Society ot Aaerioa. H. M. Hull, Ed. 
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E. Conclusions 

If m7 asaign11ent here had been simpl7 to detel'lline if the 
defoliation program had an ecologic effect, the answer would have 
been a simple "Jes", and a trip to the colDltry would not have been 
necessary. But to assess the magnitude of the ecologic effect is 
an entirel7 di~ferent matter. 

One must realize that biologic populations, even those remote 
froa aan, are d7na111c. Seasonal change•, violent weather events, tire, 
birth, maturatton, senescence, and death cause a continuing ecologic 
flux. lol'llllll7, the ecologic flux operate• Within narrow limits in 
a climex comaunit7. It is onl7 catastrophic eventa that cause an 
extreme ecolog1.c shift and reduce the c~11nit7 to a lover seral 
stage. 

That defoliation has caused an ecologic change is undeniable. 
I do not feel the chanse is irreversible, but recovery a7 take a 
long time. 

Th• mangrove t1P9 11 killed with a Bingle treatment, Regeneration 
ot the angrove t'ore1t to its original condition 1a estimated to 
require about 20 7ears. 

A single treatment on sem1deciduou1 tore1t would cause an 
inconsequential ecologic change. Repeated treatments will result 
in domination ot aan1 Bites b7 bamboo, Presence of dense bamboo 
Will then retard regeneration of the forest, The time 1aale tor 
regeneration of seaideoiduous forest is unknown. Available 
infol'lllltlon is so scant7 that a prediction would have no validity 
and certainl7 no real meaning, The tille required for regeneration 
to its original condition would certainl7 be longer than was 
estimated tor mangrove. 

The effect ot defoliation on animals does not appear to have 
been extreme, But I hasten to add that I know tar 1e11 about 
animals than about' plants. The fish catch haa been increasing at 
about the aame rate aa number or tishennen, which surprised and 
pleaaed ••· Actual data were not available tor population trends 
ot other forms of animal life. Large -ls have been seen 
recentl7 in War Zones C and D, the areas of greatest defoliation 
activit7. Included were tiger, monke7, elephant,and deer • 

I 
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L RECOMMENDATIONS 

A, That revised project approval proced'lll\"es contained in para.­
graph III B be a.pproveq, 

B. That proposed projsc"t request checklists at .paragraph III C 
be approved and included with all future project i.i.lee, 

C, That exceptions to revised procedures noted in paragraph 
III D be approved, 

D. That poet-project evaluation checklists outlined in para• 
graph III E be approved and used during reviews of herbicide operations, 

E. That the above changes in, and additions, to current procedures 
be '.included in revised '1.rsctivee •. 

F. That the 203 Conunittee be expanded to include a representative 
from JUSPAO. 

II, SUMMARY OF P'INpINGS 

A, Stre he and Wealmessss of C rent Procedures. The current 
system for approval of projects paragraph III A has assured that 
the military aspects of defollation•and crop destruction are given 
full consideration. Additionally, the current system requires that 
recommended projects be developed at Province level and ~ not be 
app!"oved or'executed over the objections of local GVN officials. 
This has assured that the interests of Province officials are given 
paramount consideration, On the other hand, current approval proce­
dures tend to be IDo;l;h unw:l.eld,y and time consuming. In some areas, 
there is excessive coordination while in other cases there is a lack 
of sufficient control, In solll9 instances, inadequate attention is 
given to herbic:ide requeets d=ing- the project formulation at sector 
level, Psywar and civil affairs annexes often appear to be developed 
on a pro form& basis. Indications are that participation by local 
CORDS personnel is limited, Finally, once the herbicide project 
has been approved and executed, post-project evaluation has been 
limited to an assessment of the purely military benefits gained from 
the operation. Insufficient attention has been given to the economic 
and political/psychological impact. 
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B. Revised U.S. Procedures. To strengthen the current system for 
approving herbicide requests~ the procedures outlined in paragraph 
III B, below, were developed. These procedures reinstitute periodic 
meet~of the 203 Committee in order to reduce project coordination 
and review time at the Saigon level. This committee should be ex­
panded to include a member from JUSPAO. The 203 Committee, comprised 
of representatives from MACV (MACCOC7, MACCORDS, MACPD), USAID, JUSPAO 
and AMEHB, performs a coordination and review function in the proces­
sing of requests for herbicide operations. This committee, chaired 
by the MACV Staff Chemical Officer, also conducts reviews of post­
project evaluations (sea paragraph II E, below). In no instance will 
this committee function in a program management capacity. Additional­
ly, the revised procedures limit project execution periods to six 
months with requests' for extensions beyond that time subject to review 
by the 203 Commit.tee. Revised procedures which are intended to reduce 
project processing time below Saigon level are included. Finally, the 
revised procedures require that the economic and political/psychologi­
cal aspects be given additional emphasis during project formulation. 

C. Checklists. Checklists noted in paragraph III C, below, were 
devised to assure that all neces19&1'1 factors are considered during 
formulation of a herbicide spray request and that sUfficient informa­
tion is available to the 203 Committee on which to base recommendations 
to the Ambassador and COMUSMACV. ·rt is intended that these checklists 
be filled out in detail and accompany the project file. 

D. Exceptions to· Revised Procedures. To permit a more timely 
raponse to herbicide spray operations requirements of the local tac­
tical commander, certain exceptions can be made to the revised proce­
dures without any substantial loss of control at the Saigon level. 
Modified procedures in approval of certain types of crop destruction 
and helicopter defoliation targets are suggested in paragraph III D, 
below. 

E. Post-Project Evaluation. The post-project evaluation of her­
bicide operations·is an instrument of program management and review 
designed (1) to help ensure that herbicide operations are carried out 
in accordance with MACV Directive 525-1 and State/Defense policy guide­
lines, and (2) to·help assess theresnl.ts of these operations in terms 
of their military, economic and poli~ical/psychological impact. The 
evaluations of individual herbicide projects will be used by the MACV 
elements charged with responsibility for managing herbicide operations 
as a tool of command, administrative and quality control. These same 
evaluations can be used also as a source of relevant information by 
those US Mission component organizations responsible for assisting in 
the·overall program review of herbicide operations. Areas to be con­
sidered in post-project eval~tion are contained in paragraph III E, 
below. 
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III. ANALYSIS OF PROORAM PLANNING AND PROCEDURES 

A. Current Procedures. The use of herbicides for defoliation 
and crop destruction is a Republic of Vietnam program which is sup­
ported by the United States. The RVNAF responsibilities are exercised 
through a committee composed of representatives from the Joint General 
Staff J3 Section, J4 Section, VNAF, J2 Section, J5 Section and RVNAF/ 
CDEC, the organization which has operational responsibility for supply 
of' herbicide. This committee, called the 202 Committee, is not a 
standing committee and only meets when considering requests or writing 
di.rectives for herbicide operations. In addition, each Corps ha.s a 
similar committee responsible for reviewing herbicide requests at that 
level. 

The US Defense and State Department establish policy for US 
support of the herbicide program. Stat•~/Defense have delegated the 
approval authority for conducting herbicide operations to the Ambas­
sador and COMUSMACV jointly. To exercise control over the program, 
the Chemical Operations Division, Combat Operations C:•mter, MA.CV has 
been assigned the superviso'ry responsib:llity to accomplish the neces­
sary coordination. 

A committee, designated as the 203 Committee, has been established. 
to review all requests. Thie committee ie composed of representatives 
of the J3, Psyops Directorate, CORDS, J2, USAID and r:mbassy. 

All herbicide requests under current directives are required to 
be submitted through territorial command channels, therefore all GVN 
requests must originate at district or province level, Af1;er formu­
la.tion of the herbicide plan, which must include as a minimum the 
area reque.sted to be treated with herbicide, psyops, civil affairs 
and intelligence annexes, along with a :3tatement by the Province Chief 
that he will indemnify just and legal claims for any accidental dam­
age to friendly crops, the request is submitted to ARVN Corps head­
quarters through the ARVN division. Since ARVN Corps Commanders and 
Corps Senior Advisors have authority to approve ground based spray 
defoliation, only requests for aerial spray and all crop destructi()n 
requests are forwarded to the Joint General Staff. The request is 
reviewed by the JGS 202 Committee and approved by the Chief of the 
Joint General Staff. Once approved, the requeGt is forwarded to 
COMUSMACV for approval. 
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Concurrently, on the US side at each comparable level (e.g., pro­
vince senior advi1sor), a US position on the request is recommended to 
higher authority. This US position is developed as the result of co­
ordination with CORDS, USAID, military and political representatives 
at each level where they exist. 

Upon arrival at MACV of the GVN request and the US position re­
commended by the Gorps US Senior Advisor, the project case is prepared 
within the Chemic.nl Operations Division. Proposed areas are defined 
by those coordinat;es on which both the GVN a.nd US agree. In many cases, 
the US position on target area will differ from the GVN request be­
cause of varying opinions on military advantages to be gained, An 
aerial reconnaissance is conducted to ensure that all populated areas 
and friendly cropE1 are deleted from the target area. Having deter­
mined that the prc1ject is a valid herbicide target from the aerial 
reconnaissance and an analysis of t.he military worth of the request, 
the project case i.s submitted to the members of the MACV 203 Committee 
individually for review. All members of the MACV 203 Committee must 
concur in the proposed project in order for it to be approved. Fre·­
quently, during processing, target parameters are changed and opera·­
tional restrictions are added in order to get unanimous agreement in 
the proposed project. After consideration by the MACV 203 Committee, 
the project is forwarded to the Ambassador and COMUSMACV for approval. 

Minimum processi.ng time has been 8 weeks after arrival at the 
Saigon level, while the average processing time has been 4-5 months. 
Projects often take 3-4 months after initiation by the Province ChiE'f 
to reach Saigon level. 

Prior to initiation of herbicide operations against a specific 
target, a coordination meeting is held with provincial officials at 
which final details or any changes in previous requests are ironed 
out. At this time the Province Chief has the option of altering thE1 
approved target becanse of changes in the local situation since ini·· 
tiation of the original request. The military worth of the target, 
psyops and civil affairs are reviewed and intelligence is updated. 
Special conditions required during spray operations are established 
(e.g., wind direct:i.on, areas in which prestrike or return fire-for­
fire tactics may bie employed, no-sp:ray zones) and expiration date 
for the project is agreed upon .. 

After conclusion of i;he coordinat:Lon meeting, the Joint General 
Staff publishes an operations order for execution of the target which 
is distributed to concerned parties in the GVN down to Province level. 
Concurrently, 7th Air Force is ordered to execute the mission with 
C-123 spray aircraft. Coordination details are furnished to RANCH 
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JIAll'D 17,y 11e110r&lldum which spell out specific target coordinates, herbi­
cide to be used, weather condition requirements 1111d mey- other unusll&l. 
considerations developed during the starting and coordination ot the 
project • 

All a final control measure, each spr~ run over the target a11St 
be approved by both the US 1111d RVIAF. The Province Chief 1111St clear 
individual 11pr~ runs 24 to lt8 hours prior to the aiseion. 

B. Revi11ed Procedures. The procedure11 outlined below apply to 
the proce1111ing ot those herbicide spr~ reque11t11 which m11St coae to 
the Saigon level tor approval.. 

SAIOOB LEDL 

l. Project file will be prepared by MA.CV (COC7) based upon 
input trom JOS and the Corps Senior Advisor. 

2. Doc111entation in the project tile will be re11ponsive to 
the areas ot interest outlined in the checklists. The dated aignature 
ot the Province Chief recommending the project will be included in 
the project tile. 

3. Copiea ot the project tile will be provided simultlllleo11S­
ly to each mmber ot the 203 Comittee tor review. Individual 203 
Camittee amber• will coordinate with their counterparts in the GVB 
on significant a.epects ot the proposed project as nece11sary. 

4. The 203 Cami ttee will aeet aonthly to review and co­
ordinate on each project caae. Jlore frequent aeetings aq be called 
it workload so dictate• or to process projects ot urgent ailitaey 
necessity. COC7 action officers will participate in order to brief 
the project and to respond to questions, it ~· At the meeting, -­
ber• ot the 203 eo-1.ttee will be prepared to state their agency's 
position on the proposal. The coordination sheet accOllpaDY'ing the 
project cue will be signed by individual. 203 C~ttee lllellbers (less 
AMlllB) at the concl11Sion of the meeting. Bonconcurrences will be ex­
plained in writing &lld will be made a part ot the case. 

5. Immediately upon canpletion ot the 203 COllllittee meeting, 
the .AMlllB member will present each project tile to the Aabassador tor 
consideration. 

6. After the approval ot the Ambassador bas been received, 
0007 will forward the project case to the Chief of Start, ·MA.CV for 
CCMWMACV approTal., signature &lld dispatch ot the letter to Chief ot 
JGS llllDDUDcing US concurreace in the Off request. The letter will 
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1D41cate that execlltion ot the proJect will be lill1 tea to a ah: ( 6) 
llM)Dth ••"'•• period trca tbe «ate ot the tint IOZ'tie non. 

7. A final coord.111&tio11 aeetiq will be held. at Province 
level att.r 118 co110arrence ill tbe GU reqaeat. Alteration• ill tar­
get area u the reault ot th1• ... ting will be •ubmitted to .AlllllCB 
bJ' •aorancllD tor final co11aideratio11. 

a. aequeat1 tor ezte.uiOll ot proJect execution perioclll 
will be aullmi tted to the 203 Colm. ttee tor review and concurrence. 

70 

l. Corpe Senior A4viaor• will be reaporuiible tor ••tabli•h• 
ins procedure• to eu11re expeditioua proc•••illl within the Corpe 
tactical. Zoll• ot the propoaed 118 poai tion on each GU request. Pro­
cedure• 1bi>ul.4 require that 114viaor rec 1ncla'tion1 be forwarded to 
higher level• concar:rentJT· with, but 1eparate trOll the GU requeat. 
Province e4vieor,y 1tatte will retain tl'Ul8latea copies ot ell docu­
aents eullmittecl bJ' the Province Chief in hi• request tor herbicide 
operation•. 

2. In establishing the tl3 poei tion to be propoaed to the 
Saigon level, the Corpe Sellior Advisor will u1ure that the views ot 
the followiq umber• ot hie stett and at lover level• (where they 
exist) ere COll8iderecl.: 

- Regiolllll. RD Operations Otticer 

- Sew Lite Develop11ent Officer 

- .Agrtcul.taral Advisor 

- Regional Bconmic Advisor 

- Political Re_porting Otticer 

. - CORDS Retugee Coordinator 

- Asst DBPCOlUlS tor P81()ps 

A etatemnt to the e:f'tect that these views vere conaidered will be 
illolllled ill the proJect reel• encJAl:tiona :f'orvarded to lfACY. 

3• In addition to those reapouibWtiee oiatuned. ill para­
graph lie (2) ot lfACY Directive 525-1, Corpe Senior Advisor'• re-­
wemationa will inclaile a ., ant retlecting the lJll'CCllm position 
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in the project, In the case of I CTZ, POLAD concurrence will be in­
cluded. Additional.l,y, a brief narrative of the major advantages and 
possible disadvantages of underta.ldng the proposed herbicide opera­
tion will be included, 

4, Documentation to be included in project recommendations 
(over and.above that already required in paragi:>aph 5a of MACV Direc­
tive 525-1) will be responsive to the a.reas.,0f interest outlined in 
the checklist, This checklist will be prepared on basis of input pro­
vided by qualified specialists at appropriate levels as required, 

5, To ensure proper development and execution of the psy-
ops support program on individual projecta, the Corps Senior Advisor 
must have specific commitments and sufficient assurance for psyops 
support before recommending the project, 

6, An information copy of th$;! initial request for herbicide 
operations will be furnished to MACV (COC7). This information copy 
will be used to follow processing . .of the request through intervening 
headquarters to MACV; When the project request reaches the Corps 
Senior Advisor level, members orthfll 203 Committee will be alerted 
in order that preliminary 11Jtaff.wrk can be accomplished, 

7, In order to be responsive, the JGS project request and the 
Corps Senior Advisor"s recommendation should arrive at HQ, MACV within 
45 days from the date of the origination of the request. 

C, Checklists, 

DEFOLIATION CHECKLIST 
(Below Saigon Level) 

L What is the objective and the military worth of the proposed de­
foliation operation? 

2. How urgent is the proposed projsot? 

3, Have the DEPCORDS and PSA co!llcurred in the proposed project? In 
the eaH of nono:Oncur~encss, haft the reasons been stated? 

4, Have Provincial CORDS and Regional CORDS specialists taken part 
and had opportunity to expre!lS their views in the approval pro­
cess at their level? 

CONFIDENTIAL 
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TARGET DESCRIPTION: 

l. What are the UTM grid coordinates: 

2. Have overlays been included in project recommendations? 

.3. What type or vegetation is located in the target area (e.g., can­
opy, species)? 

MILITARY SITUATION: 

l. What is the military purpose or defoliating the proposed target 
area? 

2. What is the enem;y situation in the propoeed target area? 

a. Disposition (i.i~ •• strength, location, activity)? 

b. Nature and pattern or enem;y LOC•s? 

c. Location of enem;y base camps? 

d. Air defense capability? 

SENSITIVE AREAS: 

L Are active rubber plantations, orchards and cultivate4 areas lo­
cated in the vicinity or the target? If so, how far are these 
areas from the target limits? In the case of cultivated areas, 
when is the harvest period? 

PSYOPS ASPECTS: 

l. Who and how many inhabitants are located in and near the target 
area? 

2. What is the predicted psychological impact within the area or 
operation? 

.3. What psyop media is to be ussd? 

4, What will be the thematic content or the media? 

5. Ia any additional support required? 

6. Does the payop plan include provisions for operations directed 
toward population living in the area contiguous to the target? 

CO&J'IIlENTIAL 
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7. What, if a:n:y, problems have been encountered in the execution of 
psyops plans prepared fo.r previous herbicide projects? 

8. Are there pl"Ocedures to not.ify the psychological operations per­
sonnel to e;x;ecute the psyops plan before the mission is initiated? 

CIVIL AFFAia$ ASPECTS: 

L Is there any likelihood that exf!lcution of the project will create 
problems or conflict with RD programs in the area? 

2. How many refugees could be prod4ced by the operation which this 
project supports? 

J. Are Provincial facilities adequate to handle generated refugees? 

4. If there is a refugee problem, has an adequate support plan been 
prepared? 

5. Are procedures and funds available to satisfy damages which might 
be included under the claims program? 

Responsible 

DEFOLIATION CUEOKLIST 
(Saigon Level) . 

Agency: GENERAL: 

MACCOC7 

MACCOC7 

MACCOC7 

MACCOC7 

MACCOC7 

l. Has the Province Chief signed the basic request? 
TARGET DESCRIPTION: 
l, What are the target boundary coordinates on which 

both t.he JGS and Corps Senior Advisor agree? 

2, What is the size of the target area? 

3. How many sorties will be required to achieve target 
objectives? 

SENSITIVE AREAS: 

l. In the case of targets in the vicinity of interna­
tional boundaries,. what is the distance from target 
edge to the international border or Military Opera­
tional Boundary? For targets in the southern 

CONFIDENTIAL 
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portion of the lllZ, vhat diets.nee is the sout:aern 
edge ot the target t'rom the PMIL? 

2. Have other sensitive areas been identified, i.e., 
fOrest nuraertea, pl.anti11811 tor erosion control, 
research plots, to~st species adaptation plots, 
e.gricultaral pilot teat plots, critical watershed 
areu? 

74 

3. Ban provisions tor salvage ot dea4 and d)ring timb<>r 
been co::s1dered, i.e., industrial capacity available, 
s~curity considerations, transportation? 

GERERAL: 

CROP D!m'Rtro!l'IOI CBEC!LIS'l' 
(Below SR.1.gon Level) 

l. What is the objective and the military worth ot the proposed her­
bicide crop destruction operation? 

2. How urgent is the proposed project? 

3. Have the DEPCORDS and PSA concurred in the proposed projec~? In 
the case of nonconcurrences, have the reasons been stated? 

4. Have Provincial CORte and Reg:Lonal. OORDS specialists ta.ken part 
and had opportunity to express their views in the approval pro­
cess at their level? 

l. What are the t1DI grid coordinates? 

2. Have overl~s ~een incl.med in project recommendations? 

3. What type ot crop is in the target area and what is its growing 
season? 

MIL!TARY SmJATIOll; 

1. What is the enem,y sitation in the proposed target area? 

a. Disposition (i.e., strength, location, activity)? 

b. Location ot maJor VC/IVA base areas? 

c. Air defense capabil1 tyt 

OOlli'IDEll'.fDL 
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RESOURCES DENIAL ASPECTS: 

1. What are the characteristics and vulnerabilities of VC/NVA food 
production efforts in the area? 

a. To what extent is the enemy in the area reliant on local pro­
duction for food requirements? 

b. Whatare alternative sources of food for VC/NVA in the area? 

c. How far is the target area from the nearest commercial center 
or major agricultural area? 

d. Is there evidence that enemy units currently are suffering 
food shortages? 

2. What measures besides herbicide crop destruction are being made to 
control food in the area? 

J. What efforts are being made to eliminate the enemy's logistics 
infrastructure in the area? 

4. Is there effective resources control to prevent the importation 
of food from nearby commercial sources into the target area? 

PSYOPS ASPECTS: 

1. What is the approximate population density in the area? 

2. Are there any special characteristics of the population in the area 
(i.e., ethnic, religious, vocational, political, degree of liter­
acy)? 

J. Will psychological operations be conducted in advance of the crop 
destruction mission? 

4. What is the predicted psychological impact within the area of 
operation? 

5. What psyop media is to be used? 

6. What.will be the thematic content of the media? 

7. What, if any, problems have been encounted in the execution of 
psyops plans prepared for previous herbicide projects? 

CONFIDENTIAL 

,---



··------·-·----·------

COD'IDDl'IAL 76 

CIVIL AFFAIRS .ASPmt'lh 

l. Ia there 811¥ likelihood that execution ot the pro,1ect will create 
probl.ms or confiict with RD prograu in the areaT 

2. It there i• a retugee prob1-, bu an adequate support plan been 
prepared by Province otficial.eT 

3. Bow man;r refugees could be produced by thi• operation? 

4. Are Provincial. facilities adequate to handle generated refugees? 

5. Are procedures and funds available to aatiet,r daage• which might 
be incllld.ed under the claiu prograaT 

(Saigon Level) 

Reeponeibl.e 
Agency: GEllBR.ALt 

M.ACCOCT l. Bu the Province Cbiet signed the baeic request? 

M.ACCOCT 

NACCOC'T 

l. What are the target bound&r7 coordinates on which 
both the JOS and Corpe Senior .Advisor agree? 

2. What is the size ot the target area? 

D. l!ll:ceptione to Rerleed Procedures. 

l. Helicopter Defoliation. The requiraenta tor herbicide 
operations have increased so rapiCll.Y that available C-123 8Prtlir air­
cratt cannot attack all "app1:oved targets within the desired time 1'ralle. 
Miiey tarset• are ...ii and located in areas where the,- C8ll be epn;yed 
llOl'e effective~ bJ helicopter 8Prtlir 1119tae. 

It would be beneficial. to delegate authori q. to aa,1or field cca­
aandere tor approva1 ot helicopter defoliation operations in support 
ot local base clete1111e, llaintenance ot deforested areas, and the uncov­
ering ot lmown mall •bash •i tee along line• ot -unicat:Lon. Thi• 
will pemit a m>re ttaeq response to defoliation reqairaente ot the 
local tactical c+ Mer. 
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Because helicopter spray operations can be conducted at low al­
titudes and slower speeds than C-123 spray •ircraft, risk of damage 
to crops outside of approved target areas will be minimized. In ad­
dition to normal restrictions outlined in existing Directives, the 
major field commanders would have to observe the following additional 
requirements: (a} a buffer distance of at least two (2) kilometers 
from active rubber plantations must be maintained; (b) helicopter 
spray operations will not be conducted when ground temperatures are 
Jl:reater than 85° Fahrenheit and wind speed in excess of 10 m,p,h.; 
(c) a monthly report wil.l. be submitted by major field commanders 
which will specify areas defoliated by helicopter, agent used and 
evaluation of results. 

2. Area Clearance for Crop Destruction, Flexibility and 
rapid response for crop destruction is i·equired because most target 
areas are small, widely dispersed and difficult to locate. At the 
same time, it is necessary to maintain adequate safeguards to assure 
that the advantages of the mission will outweigh the disauvantages. 

All crop destruction projects must adhere to policy which 
requires that operations be conducted in food scarce areas and 
at locations far removed from population centers. 

At the initiation of the Province Chief and the US Senior Pro­
vince Advisor, a request for area clearance is processed in the 
same manner as other herbicide requests. In order to facilitate 
the area clearance request, areas of low population density and 
under VG control or uninhabited will be considered, prima facie, 
as possible targets for crop destruction. As an operational 
guideline, low population density can be defined as less than 
approximately 20 inhabitants per square mile, When approved, 
the period of execution for the area project would extend for 
12 months to allow attack of targets over two growing cycles. 

Specific target coordinates will be relayed directly to 
MACV (COG?) for approval prior to attack. MACV will assure 
tlu!.t specific targets meet original criteria. Questionable tar­
gets will be coordinated with members of the 203 Committee. 
Upon approval, MACV will direct appropriate agencies to fly 
the mission, 

CONFIDF~NTIAL 
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E. Post-Pro.1ect Evaluation. 

DEFOLIATION 

Principal Elements of Eva1uation: 

1. Dates defoliation missions were flown and type of aircra~ used. 

2. Brief restatement of military justification of project, including 
description of enemy use of target area. 

J. Extent of defoliation of single, double and triple canopy jungle, 
bushes, grasses and other cover. Use the following scale to in­
dicate vertical.and horizontal (where applicable) visibility of 
enenzy- facilities, LOC • s and personnel: I - slightly increased 
visibility; II - moderately increased visibility; III - markedly 
increased visibility. 

4. Observed changes in the utilization and location of enemy facili­
ties and LOC 1 s as well as the movement of enemy personnel. 

5. Description of targeting or operational errors to include excep­
tions to established meteorological standards during spray 
operations. 

6. Solatium Requests. (a) number and description of requests sub­
mitted to claims authorities as an alleged consequence of the 
project; (b) evaluation of the effectivness of the claims pro­
cedures. 

7. Civil Affairs Plans. Evaluation 
ing from the herbicide project. 
to registered refugees alone. 

of population dislocation result­
Comments should not be confined 

8. Psyops Support Plans. (a) number and sample of leaflets and other 
printed media used in support of the project; (b) number of loud­
speaker plane sorties flown; (c) description of other psyops sup­
port activities carried out; (d) description of local attitudes 
toward the project or toward defoliation operations in general; 
(e) existence and extent of local enemy propaganda activities di­
rected against the project or the program as a whole. 

9. OVer-All Evaluation. Assessment by Province Senior Advisor of 
the results of the project in terms of its military, economic and 
political/psychological impact. · 

CONFIDENTIAL 
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Eval11ation Procedures: 

1. Number of Evaluations Per Proiect, All defoliation projects will 
be evaluated within 3 months of inception and each 3 month inter­
val thereafter until completion. Reports will be submitted within 
30 days after the end of the reporting period. 

2. Saigon Distribution. Copies of the evaluation will be distributed 
to the 203 Committee by MACV (GOC7). 

CHOP DESTRUCTION OPE!l.ATIONS 

Principal Elements of Evaluation: 

1. Dates crop destruction missiom; were flown and type of aircraft 
used. 

2. Brief restatement of military justification of project, including 
description of enemy use of target area. 

3. Extent of herbicide crop destruction in the province by type of 
crop, by percent.age of estimated VC/NVA requirements, and by 
percentage of VC/NVA self-production. 

4. The current enemy food situation, and any changes in food situa­
tion over the last six months. 

5. Do food shortages (if any) appear to have caused the enemy to have 
changed his area of operations or tactics? Have there been iden­
tifiable strains placed on his logistics capacity? 

6. What other •~fforts have been made to control food supplies (e.g., 
military op<>rattons, attacks against infrastructure, border con­
trol, National Police resources control)? 

7. How have these activities been coordinated and have they been 
effective? 

8, Civil Affairs Plan. Evaluation of population dislocation result­
ing from herbicide projects. Comments should not be confined to 
registered refugees alone. 

9. Psyops Support Plan. (a) number and sample of leaflets dropped 
and other printed media used in support of the project; (b) num­
ber of loudspeaker plane sorties flown; (c) description of other 
psywar support activities carried out; (d) description of local 
attitudes toward crop destruction operations in general; (e) ex­
istence and extent of local enemy propaganda activities directed 
against the project or the program as a whole. 

CONF'IDENTIAL 
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10. Oyer-All Aapeswpt. Assessment by the Province Senior Advisor 
ot the results ot the proJect in terms ot its m111tary, economic 
and political/psychological 1mpact. 

EyaJ.uation frocedures. 

l. The Province Senior Advisor will subm1t a semi-annual report 
{l ~ and l Bovember) on crop destruction in each province where 
crop destruction missions were tlown within that six month period. 

2. Bvaluation will be processed so as to arrive at the Sa:l.gon level 
no later than 30 ~s after the date ot completion ot the report. 

3. Copie1 ot the report will be d11tributed to all members ot the 
203 ec-1 ttee by NA.CV { COCT) • . 

<XlifiDDllAL 
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.APPEllDII 

llOTE1 The :f'ollowins techll1cal papers were prepared 
by consultants to the JIACV representative on the Herbicide 
Policy Review Committee. !he;y contain expert iD:f'ormation 
and analysis which the Committee took into consideration 
in its del:Lberations. 

A - Herbicide Spr~ Dri:f't 

B - Theoretical Analysis of' Downwind Dri:f't of' Herbicide 
Spr~ecl :f'rom an Aircraft 

C - Toxicity of' Herbicides in Use in RVB 

D - Persistence of' Herbicides in Soil and Water 

E - Potential Hazards of' Herbicide Vapors 
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qw:czms §J'RAX Jllm' 

by 

Dr. c. E. Minari-, Di:reotor, Plant Scienoee 
X..borator;y, Departllent ot the Army, 
Jl'ort Detrick, Mlr;yland 

Dr. R. A. :IlarTow, Chief, Plant Pb;y1iology 
J>1vi1ion, ~nt ot the Artllif 
Fort Detrick, Maryland 

Beadquarter1, tJDited States 
Military Assistance COllllllalld, 
VietnlllQ 

Chemical Operations Division 
A70 San ll'IUlcieoo 96222 
5 A11ril 1968 
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St!MMARI 

An assessment of potential drift hazards to crops is presented 
for the military application of defoliant herbicides conducted in RVN 
with C-123 aircraft. Principal factors inf'l.uencing drift from herbi­
cide spray applications are: droplet size, height of release and 
a"bnospheric conditions, principally horizontal air movement. 

The spectrllll of mass deposition with droplet size is not avail­
able for the current operational C-123 system. Droplet data for an 
equivalent system wi·th D6/!if, nozzles with maH depoeit ot 350 microns 
MMD were used in calculation of herbicide drift potential from a 
f'l.igbt altitude of 150 teet under maximllll crosswind velocities ot 
9 mph. 

It was concluded that the maximllll distance at which drift hazard 
from 6 sortie missions with ORAXGE would occur was l to 2 kilometers 
under most unfavorable crosswind conditions ot 9 mph. Rice, sugarcane, 
corn and other graBS-·like crops can be located l kilometer or more 
frClll defoliation targets. Under the atmospheric conditions in which 
12th Air CamlaDdo Squadron operates, drift damage on broadl.eat crops 
should not occur at distances greater than 2 kilometers. 

To further 111n1m1ze drift hazard, it is recommended that f'l.igbt 
targets be oriented in an in-wind direction as tar as possible. 

··-·-· .-----··-----1·---------I 
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HERBICIDE SPRAY IRIFl' 

The use of herbicides to defoliate vegetation in areas of military 
interest is a new military weapon which has proven its effectiveness in 
operations in RVlf. The improvement of air-to-ground and ground-to­
ground visibility ha• uncovered enemy positions, permitted observation 
of hie aovements and has been a primary factor in redncing the incidence 
ot ambushes with a resultant saving ot lives ot Allied military person­
nel. The ailitary worth ot defoliation is not being addressed in this 
stud,y. 

Occasionally "damage" to desirable crops outside the target area 
is reported eabseq1ient to defoliant epriq operations. In 111&ey cases, 
investigation ot the alleged dall!age claims has disclosed conditions 
totally unrelated 1;o herbicides. Minarik (1) has reported alleged 
rubber damage to be unfounded in 9 cases out ot 16 investigated. The 
"damaged" trees were severely infested by insect pests and plant path­
ogenic tangi. Gross neglect ot other plantations was responsible tor 
deterioration ot the rabber trees. Viruses and nematodes produced 
sYJIPtciae resembling herbicide reeponeea, and it ie the view ot Dr. 
1'ader Vald.li (2) Uld the authors that in maey cases observed, crop 
damage ie due to these causal. agents. 

Other damage has been determined to be the result ot misuse ot 
herbicides by the grover himself while navigational. error by 12th Air 
C4l •ndo Sqnadron baa also caused duage to some crops. Leaking 
equipaent ie another potential. source ot unwanted damage. 

It is not the intent ot this study to disclaim the existence of 
epre;y drift or to infer that all crop damage claims outside target 
areas are due to causes other than herbicide drift. The objective of 
this study is to place in proper perspective the amount of drift that 
can occur and its potential. hazard. In RVlf drift becomes a potential. 
problem only when desirable crops are in close proximity to the tar­
get. ID large area targets and along isolated lines of communication, 
drift is of little significance. 

A nmber of factors infiuence drift of spr81' droplets when a 
liquid ie released .from an aircraft in flight. These factors include: 

l) Droplet size 
2) Speci.fic gravity· 
3) Evaporation rate 
4) Heigtl't ot release 
5) Horizontal. air movement 
6) Vertical. Air movement 

-------···---------------
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~
7) Temperature 
8) Humidity 
9) Aero~ic forces caused by the aircraft 

Particle size, height ot release and air movement are the principal 
factors in this caaplex interaction. 

inated over such vast areas ot RVlf under combat conditions, the amount 
ot dri:ft damage that has occurred 1s truly small. ..It is a tribute to 
the e er e ot s ot the 12th Air COlllll8iido Squadron that 

\ 

When one considers the large vol11nes ot herbicides being dissem-

e dri:ft damage has not occurred.,, ·. 

The C-123B/A/A45t-l spr~ system, current~ being employed in her-
bicide operations in RVB, is usually functioned at approximate~ 150 
feet above the vegetation while the plane is traveling at 130-135 knots 
(150 mph) indicated airspeed. The liquid herbicide is forced through 
check valves or nozzle-bodies having an internal. diameter ot 3/8 inch. 
The orifice plates, atrainers and whirl plates having been removed, the 
liquid leaves the nozzle as virtual.~ a aolid stream and is broken into 
discrete particles by shear forces as it enters the turbulent airstream. 
The drops thus produced bave a range of aizes with the mass median dia­
meter (!Im) estimated at approximate~ 350 microns. This means that 50" 
ot the masa of the liquid sp~ed is in particles whose size is larger 
tban 350 microns and 50" in 1ize1 111118ller than 350 microns. 

Although the C-123/A/A45t-l 171tem bas never been calibrated tor 
drop aize distribution, its predecessor, the C-123/MC-l, has been cali­
brated (3), and an MMD ot approximate~ 350 microns was found. The MMD 
was detel'llined by the D-mu method ot JfaksJmialt as reported by J. w. 
Brown and D. w. Wbittm (4). It i• assmed tbat the MMD tor both By"s­
tems is esaenti~ the s1111e. 

The D-lllax met)lod is a shc:-rt cut tor detBr111ining MMD w1 thout going 
through the laborious proceBS ot measuring the diameter• ot large num­
bers ot droplets, thus unfortunate~ the droplet size spectrllD tor 
neither the MC-l nor A/A45t-l ia available. 

However, Coutts and Yates (5) bave published typical spectra tor 
spra,ying systems D(j/iif, hollow cone nozzle at 4o psi releaaing the li­
quid into an airstre1111 having a loo mph velocity. Data taken trom the 
curves ot spectra with MMD'• ot 4501 350 and 300 microns show the cum­
ulative percentage ot vol1ae (or 11ass) tor each drop size and are pre­
sented in i'able l. The droplet spectrm with an MMD ot 350 microns bas 
been selected as representative.of that obtained with the current C-123 
dissemination equipaent. · The 3/8 inch check valves Wied in the C-1.23 
system produce coarser droplets than the D(j/iif, nozzles tor which drop­
let spectra are available tor MMD's ot 350, 300 and 450. Thus, the 

----------·--------------
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TA.BL! 1 

Droplet Diameter and Cumulative Percentage of Vol1111e at MMD of 
300, 350 and 450 microns for D6/46 nozzle, 4o psi, 100 mph Airspeed, 
2.8~ Oil in li&ulsion.* 

~ PmCENT OF VOLUME 
moPLP.'.l' SIZE 
(microns) 300 )1 350 )1 450 }1 

50 0.05 0.01 0.01 

70 o.4 0.1 0.02 

100 2. o.8 0.2 

200 20. 10. 7. 

300 58. 35. 20. 

40o Bo. 66. 4o. 

500 98. Bo. 6o. 

580 98. Bo. 

TOO 98. 

* Adapted from Coutts and Yates (5) 

---------· --------·--~--
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proportion of droplets below ,100 microns f'rolll the C-123 a:ystem is less 
then the o.8 to 2.0 percent cited for the D6/'46 ayatem in Table l. The 
table ahowa that for the MMD of 350 microns, only 0.01• of the aprllf 
maas or volme ia :Ln a aize range of 50 llicron1 or Sll&ller, and that 
only 0.1. consists of TO micron droplet• or 11111&1.ler. 

Dorrell ( 6) 1 1111ing Stokes' law 1 has calculated the nominal. fall 
velocities of droplets of herbicide 0RA1'01. Prom Dorrell'• data, the 
distance downwind that ORA1IGE droplets will be carried by 31 6 and 9 
mph winds while falling 150 feet are given in Table 2. 

t11ing the droplet 1pectrum for application at 350 micron MMD from 
Table 11 the relative areas and deposition rates from downwind drift of 
various droplet 1ise1 of ClUll1E are shown in 11':1.gure l 1mder crosswind 
condition• of 9 mph. The areu of deposition for droplet• of different 
aisea were ccmputed baaed on a l ainute flight at 150 mph (13,200 ft) 
with dissemination at 250 gal/minute and horizontal. diatances traveled 
downwind frCll releaae at 150 feet elevation. ll'or example, droplets 
ranging in aize troll 500 to 58o microns fall within a distance of 63 
ffft ot the flight path tor an area ot 19 acre1. At a flow rate of 
250 gal/minute, 18• ot the total aprq volme or 45 gal.lone is in the 
500.ll-580J1 droplet clas1. The depoaition rate ia thus 45 gallons on 
an area ot 19 acre• for appraximatel.7 2.25 gal/acre. Under the,atated 
condition•, approxillatei, 8~ ot the aprq volme (200 microns or 
larger) tall• within 4ll teet ot the aircraft flight path giving a 
gn>1md deposit ranging frOlll L.4 to 3 gal.lone per acre. 

; 

Dropletll mall.er than 200 microns are more subject to drift. 
Particle• between LOO and 200 microns tall in the area of 366 acre• 
up to 11 584 teet troll the releaae line with a depo1it rate ot approx-
1Jllately o.6 pl/acre. Droplet• ranging trca TO to 100 microns will 
be depolited within an a4jacent atr1p l,8o9 teet in width with an 
application rate ot 0.032 gal/acre up to a total distance of 31303 
teet or l.O kilometers frOlll t~e flight line. 'l'hi• distance represents 
the ll&X:laua diatance at which the rate ot deposit ot herbicide from a 
aingl.e sortie would attect crop plants. 

Droplet• ranging in aize trom 50 to TO aicrons constitutes only 
o.o~ ot the total vol1111e, and, inapite ot the greater distance tra­
velled (total of 6,59T teet or 2.0 kilometers), the rate of deposition 
trCllll a aingl.e sortie ia negligible - 0.0002 gal/acre. In the usual 
operation• ot the 12th ACS, six sortie• are flown on a given target. 
!'he 1uperillposed drift ot 50-TO micron particle• from •ix adjoining 
1ortie1 would represent a llUIX:lllla 4epo1_it ot .0012 gal/acre. 

Since ORAllGI contains 8.6 lb/gallon ot 214-D and 2,4,5-T expressed 
aa acid equivalent, the dosage rate ot 50-TO llicron droplets from six 
1ortie1 would be only 0.01 lb/acre. 'l'his rate Of application would not 
deleter1ousi, att'ect the productivitJ' of moat crop plants. lllQ::lllum 

--------·------·------· 
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Rate ot tall and downwind d.ritt ot berb1c1de ORABGE from 150 toot 
altitude in 3, 6 and 9 mpb wind. 

mo:ri:.m sm RA!rE OF PALL TDIE ~ FALL 150' l'l\IP'.r DISTANCE WHILE FALLING 
(lllicrons) (tt/lllin) (lllinutes) 150' I1f CROSSw:oms OF DIFFERENT 

SPEED3 

3 MPH 6 MPll 9 MPH 
(tt) (rt) (ft) 

50 18 8.33 2199 4398 6597 

TO 36 4.17 llOl 2202 3303 

lOO 73 2.0 538 1056 1594 

150 164 0.91 24o 48o 720 

200 291 0.52 137 274 4ll 

250 456 0.33 87 174 261 

300 657 0.23 61 122 183 

4oo 1162 0.13 34 68 102 

500 1812 o.oe 21 42 63 
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DROPLET 
SIZE 

580)1 

500p 

400p 

300)1 

200p 

100)1 

70)1 

50)1 

---·-····---------------·-----! 

FIGURE l 

AIRCRAPT FLIGHT PATH > (13,200 Ft) 

19 Acres 45 Gals 2,25 Gal/A 

12 Acres 35 Gals 3 Gal/A 

25 Acres 77,5 Gals 3 Gal/A 

70 Acres 100 Gals l.4 Gal/A 

366 Acres 23 Gals 0.6 Gal/A 
(5,0 lbs/A) 

548 Acres l,75 Gals 0,032 Gal/A 
(0,275 lbs/A) 

9n Acres 0.22 Gals 0.0002 Gal/A 
(0.002 lbs/A) 

SWATH 
WIM'll 

63' 

39' 

81 1 

220 1 

1183' 

1809 1 

3294' 

CUMULA­
TIVE 
SWATH 
WIDTH 

63 • 

102' 

183 1 

411' 

15841 . 

3303' 

6597• 

FIGURE l. Drift patter for droplet spectr111 with 350}1 MMD in 9 mph 
crosswind, Data represents areas and vol111es of deposition from one min­
ute flight with now rate of 250 gal/min, at 150 mph (13 1200 :rt/min) 
based on Tables l and 2, Rates of application for droplets of 50 to 200 
microns are expressed in lbs/acre of acid equivalent in ORANGE. 

-------·1 __________ 1 
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response to ORANGE at this rate would consist of malformation of the 
leaves of sensitive broadlear·plants such as tanatoes and s07beans, 
with no reduction in crop yield.· There would be absolutely no harm 
to rice, corn, sugarcane or other grass-like plants. 

The above discus1ion ha• a111DDed a droplet spectr1111 with o.o~ 
of the total vol1111e in droplets les1 than 70 micron• in diameter. 
Even if the droplet spectr1111 included a lOx greater vol1111e of drop­
lets under 70 microns, the maximum rate of drift depo1ition would be 
only 0.12 lb/acre for a 6 sortie mi11ion. Again only the moat 1ensi­
tive crops would exhibit leaf malformation or reduced yield at thi• 
rate of depo1ition from a 6 1ortie mi1sion. 

Thus, under the most unfavorable conditions of a 9 mph cro1sw1nd, 
a multiple sortie mi1sion with dissemination at 350 micron MMD 1hould 
give no drift damage to broadleaf crop• at di1tances greater than 1 
to 2 kilometers at a maximum. Rice and other grass-like crops will 
not be affected by drift from ORAIGE at di1tances greater than l 
kilometer. 

It should be empha1ized that the cro1swind condition• at right 
angle• to the flight path used in th11 example are the most extreme 
under which defoliation flight• are made. For true inwind flight•, 
the spray drift will fall within the normal 1wath pattern and with 
partial cro11wind, the zone of spr~ drift will be proportionately 
reduced in area and di1tance from the flight path. 

The preceding di1cus1ion pertain• to relea1es under neutral con­
di tion1 where atmo1pheric turbulence is at a minim1111. If the releases 
are made under 1trong lapse conditions or extreme turbulence 1 the 11118.l.l 
(under 50 micron•) droplet• could be carried upward and pos1ibly be 
depo1ited 1ome d11·tance from the release line. However, any herbicide 
carried upward in convection current• would become diluted in the air 
and if the herbicide cloud 1hould touch down to earth, it• concentra­
tion would undoubt.edly be in a 1ub-lethal range. 

Dorrell (6) has reported that lapse condition• develop 1lowly 
over the jungle and generally are weak in character. lie 1tate1: 
" ••• the influence of temperature gradient on the diffusion of parti­
cle• would be negligible if the particles were in the 300 micron 
range (or even down to 50 microns). Ballistic trajectories (gravi­
tational velocity influenced by wind vector) of particle• would 
prevail and temperatures would be of little concern unie11 a volatile 
material wa1 being used." It must be borne in mind that the drift 
shown in Figure l was based on the most unfavorable conditions as 
far as wind 1peed is concerned. Generally 12th ACS aborts m11sions 
if the wind speed exceeds 10 mph and ground temperature• exceed 850 P'. 

1------------
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Thus, drift of thEt magnitude shown would not be the usual ease since 
most missions are flown early in the morning when winds are relatively 
calm and inversion condi tiona ol:rba1.n, 

Air temperature nnd humid:l ty &I.so hnve an effect on dri:!'t, but 
these generally relate to th11 J~hya1.eal and chemical propertie• o:!' the 
spray, Low humid1 ty eausea ev1~pornt'lon or· wntllr from droplets o:!' 
aqueous solutions, which resuJ.to 111 11 reduction in droplet 1i1e, thus 
increasing the nlmlber of small dropo available for drift, High tem­
peratures accelera,te evaporatic>n of' water spray droplets and are re­
sponsible for reduction in droplet size of non-aqueous drop• ot volatile 
liquids. ORANGE, however, with its low vapor pressure is not signi­
ficantly affected by the temperatur~JB that may be encountered during 
spray operations in RVN, Although OllANaE is regarded as a volatile 
herbicide in the weed control field, it. iB considered eHentially 
non-volatile by the physical chemist, 

Table 3 shows the comparative volatility of butyl 2,4-D and other 
common liquids. The volatility or butyl 2,4-D, a component of ORAIOE, 
is aHumed to be approximately the same aa that of ORANGE, Values in 
Table 3 are the temperatures at. which the vapor pre11ure of the mater­
ial equals l mm of meroury; a high value such as that ot butyl 2,4-D 
thus represents low volatility, 

Drop• of ORAmlE e.s releas1!d from the aircra.ft would not change 
in she due to vol1~tili ty to a degree that would a.treat drift, 

Evaporation r1~tes of WHITl~ e.nd BLUE, which are aqueous .formula• 
tions, are not avaUable for consideration in this study, although 
some decrease in droplet 111r.e due t1l evaporation would be expected 
to occur during th" dey season. Dwring the rainy season, becauat .of 
the high h1111id1 ty cluring the early morning hours when 1pray mi11iona 
are conducted, evaporation would be minimal. 

The aerodynliml.c cbare.cter1.Btic or the aircraft that exerta the 
greatest influence on drift is the turbulence at the wing tips, The 
vortex created in 1;his area sends the sprey drops into a high apiral .. 
above the aircraft, Drops in this opiral rems.in al.oft for longer 
periods of time anCl drift farther dc>wnwind than the bulk of the spray 
mass, The present configuration or the C-l2.3/A/A4')'!-l spray system 
does not have nozal.ea within approximately l5 feet or the wins tipa, 
thus reducing the vortex effect. In a similar manner:, the no11les 
on the tail boom are positioned to avoid the area where the alip 
streem would cause the spray to be ciar:ried ~ward. 

.. 

··-·-·--------··---·r-----------I 
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TABLE 3 

Relative Volatility of COlllllOn Chemicals: Temperature at which 
vapor pressure equals 1 mm of mercury.* 

SUBST.Al'lCE Tl!MP.mATtlRE 0c 
Water -17 

Butyl Alcohol - 1 

Ethylene Glycol 
(permanent anti-freeze) 

53 

l'fapthalene 
(sol.id moth balls) 

53 

Hexachl.orobenzene 114 

Kerosene 120 

l'fo. 1 Fuel Oil 120 

Glycerine 125 

Butyl 2,4-D 147 

l'fo. 2 P'uel Oil (153) 

* Data :f'rom llandbook of Chemistry and Physics 

··-·--·--------····---
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The problem of drift of' herbicide released from an aircraft is 
treated theoretically herein. The parameters of' release are an al­
titude of' 50 m (162.5 rt), a windllpeed of' LO knots (11.5 mph), and 
neutral temperature gradient. Two llypothetical distributions of' par­
ticle size are postlllated, both statistically normal and centering on 
a median size of' 300 microns. In the first case, the major fraction 
of' the particles are distributed over a fairly narrow size range: 68~ 
of' all the particles tall within 300 : 100 microns. In the second 
case, the particles are distributed more widely: 68~ of' the particles 
fall between 300 ! 200 microns, only 38~ within 300 ± LOO microns. 

The goal of' the analysis is the determination of' the percentage 
of' released agent which drifts various distances downwind of' the re­
lease line. This is done in stepwise fashion, starting from an anal.­
ysis of' the distribution of particle size by percentage within 50-
micron categories fOr each postlllated distribution. The rate of' fall 
of' particles in each of' the categories is calclllated, and from these 
data, downwind drift is determined. Next, the percentage of' total 
output 11&ss falling in each size range is developed, and this leads 
directly to the desired information on the percentage of' agent out­
put which drifts varying distances downwind. These data, developed 
for the general case, can easily be employed to ascertain the ground 
concentration of' agent at any point downwind tor any initial concen­
tration of' agent spr~ed from the aircraft. P'or example, in the 
specific case of' an initial concentration of agent of' 3 ge:J../acre, 'it 
~ be seen that a dose of' 0.03 ge:J../acre will be produced some 262 m 
(852 ft) downwind, and a dose of' 0.003 gal/acre some 348 m (ll3l tt) 
downwind. Smaller amounts ot agent will drift even further and, due 
to eddies and thermals, "hot spots", concentrations of agent greater 
than that over the surrounding area are also likely to be formed. 

In conclusion, it· must be pointed out that a theoretical analysis 
can only provide orientation as to the overall magnitude of' the pro­
blem of drift. It can not be substituted tor real testing of' the 
equipment actually in use under the conditions in which the actual 
operational missions are f'l.own. Only such tests can ·reasonably as­
sure verity in the final evaluation of'. this problem. 

---··---.. ·----------· 
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The problem of drift is here treated in its theoretical. aspects. 
Two possible normal. distributions of particle size output by the spricy­
rig are postulated. Both employ a distributional. median diameter of 
300 microns; the first postulates a standard deviation of 100 microns, 
the second a standard deviation of 200 microns. Thus, in the first 
case, approximately 68~ of the effluent particles will feJ.l in the size 
range of 200-4oo microns, and 95~ in the range 100-500 microns. In the 
second case (<r= 200)1), 68~ of the particles will lie between 100-500 
microns; 16~ of the particles will be ameJ.ler than 100 microns and the 
remaining l~ micy- be expected to be larger than 500 microns. Tables l 
and 2 show the percentage of total. particles which lie in the stipulated 
size categories for each of the two postulated distributions. 

The goal of the analysis is to determine the percentage of total 
output mass of agent which moves downwind various distances from the 
line of release. 'l'he assumptions, besides those pertaining to parti­
cle size distribution, are a release eJ.titude of 50 m (162.5 ft) and 
a 10-knot (11.5 mph) wind normal to the release line. Also implicit 
in the anel.ysis is the assumption that the wind is constant in both 
speed and direction from the 50 m level down to the ground, and that 
the temperature gradient is neutral (i.e., neither inversion nor lapse 
conditions pervail). No account is taken OQ the possible effects of 
eddy currents since the n111erical. and positional. occurence of these, 
and the possibilities of their being summative or selt-neutreJ.izing 
in their ultimate effects, is virtueJ.ly imponderable, 

Equations governing the rate of fall through the air ot smeJ.l 
particles are given in Mark's Standard Handbook tor Mechanical. Engin­
eers (7° ed.), In the region between 1000 microns and approximately 
100 microns, the following approximation for terminal. velocity holds: 

where 

Vt • (0,5l)ks2/3d1 

Vt is terminal. velocity in cm/sec 

k = o.81 (for a sphere) 

s = specific gravity of the particles (taken to be i.25 f!J11/cc)* 

d = diameter of the particle in microns 

* 1.25 g/cc is the approximate density of herbicide ORANGE. WHITE has 
a density of l.15, BLUE a density of 1.32, The use of either of these 
would change the outcome of the analysis by six or seven percent. 

1--------~·T 
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TABLE l .. 

Distribution of Particles by Size tor ,)(• 3001 0- = 100. 

SIZE CATEGORY PmCERTAGE 

0-25 microns o.o4~ 

25-75 n o.m 
75-125 n 2.79'1> 

125-175 n 
6.5~ 

175-225 n 12.l~ 

225-275 n 
17·9~ 

275-325 " 19~74~ 

325-375 n 
17·9~ 

375-425 n 12.1~ 

425-475 n 6.5~ 

. 475-525 ~ 2.79'1> 

525-575 n o.m 
)575 n o.o4~ 

r----, --------·-·-----·--
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'P@LE 2 

Distribution of Particles by Site for ).f = 300, <r • 200 

SIZE CATEGORY PERCENTAGE 

0-25 microns 8.44~ 

25-75 " 4.58~ 

75-125 n 
6.05~ 

125-175 " 7.52~ 

175-225 n 
8.78~ 

225-275 n 
9.64~ 

275-325 n 
9.95~ 

325-375 n 
9.64~ 

375-425 n 
8.78~ 

425-475 n 
7.52~ 

475-525 n 
6.05~ 

525-575 " 4.58~ 

> 575 n 
8.4~ 

----,--------·-·-··-··---·--· 
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In the region between approximately 100 microns and 10 microns, the 
more familiar Stokes' Law gov.erns the settling rate of the particles: 

where 

vt • (o.51)ksd2 

Vt is terminal velocity in cm/sec 

k = 5.9 x lo-3 for sphericaJ. particles 

s = specific gravity (1.25 g/cc)* 

d a diameter Of particle in microns 

:Both curves are shown in figure 1. It ~ be seen that the two curves 
cross at the point d = 125. A composite curve, constructed of the ap­
propriate Se8111ent of each curve, was employed to yield the terminal 
velocity of particles throughout the size range of interest. 

The downwind travel of a particle of a given size is directly pro­
portional to the altitude of release and the ratio of its terminal 

Vw 
velocity to the velocity of the wind, i.e. 1 S = h -, In the speci.fic 

Vt 
case of a particle at an altitude of 50 m in a 10-knot wind, the 
horizontal distance S trom the line of release to touchdown is given 

508 
by S = 5000 ~ x lo-3, for S in meters. Figure 2 shows the down­

Vt 
wind drift of particles in the size range of interest in this paper. 

The next step 1.n the analysis is a determination or the relative 
amounts of the total. mass of released agent which fall into each size 
range tor each distribution. This quantity is calculated from the re­
lative number of particles in each size range and the relative mass of 
a particle in each •ize range, thusly: 

where 

lOOniVi pi = _l'l ___ _ 

,I;niVi 
l 

P1 is the percentage of the total output mass in the 
1th size range 

* See footnote, page 3-B 

·I 

-·--··---···----1· ____ _, __ _ I 
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ni is the percentage of all 
the ith ·size range 

output particles falling in 

Vi is the vol1m1e of a sphere in the ith size range 
N 

f is the s1m1 of all the products of niVi 

Table 3 shows the results of these calculations tor each of the two 
hypothetical particle size distributions in tenns of the percentage 
of total output mass which falls into each size category. 

~ combining table 3 and figure 2, we may detennine the p1!rcent­
age of the total output mass of agent which drifts various distances 
downwind. These data a.re shown in table 4. Table 5 shows the cumula­
tive percentage of the total mass of output agent which falls out by 
various distances downwind. An examination of table 5 indicatE!S that, 
under the conditions stipulated (i.e., 50 m release altitude, l.0-knot 
wind), 9~ of the agent released by the aircraft reaches the ground by 
262 meters (852 ft) downwind of the aircraft line or flight, and 99.rj!, 
by 348 m (1131 ft) downwind. Thus, for an aircra~ calibrated to pro­
duce an agent concentration of 3 gal/acre more or less directly under 
the plane, under the ass1111ptions made here, one may also expect to pro­
duce ground concentrat:lons of 0.03 gal/acre approximately 262 Dl down­
wind, and less than 0.003 gal/acre beyond 348 m downwind. It should 
be pointed out however that tangible, though very small, amounts or 
the herbicide will drift as far downwind as 2 km. 

As mentioned earlier, certain factors have been neglected in this 
theoretical analysis of the drift of herbicide particles off the target 
area. For one thing, the drift distance is directly proportional to 
the altitude or release. Employing a release altitude or 50 m (162.5 
rt) means that fairly small absolute changes in the aircraft's alti­
tude will have relatively large proportionate effect on the distance 
of drift, Also, in rolling terrain, as the aircra~ attempts to fly 
the contours of the terrain, at certain points in the flight silhouette 
an upward vector will be imparted to the effluent, and it will tend to 
rise a little higher than the aircraft, Similarly, if the terrain ele­
vation is falling in the downwind direction, the effluent will take 
longer to reach the ground and will be carried further downwind, Con­
versely, if the terrain rises, the particles will be intercepted 
earlier. 

Another factor which is very difficult to fit into an analysis is 
the ettect or turbulence a.round the aircraft and spray boom as ·the spray 
is injected from the nozzles into the slipstream, The vortices created 
near the wingtips and ends of the boom would tend, if they catch part 
or the effluent, to throw the particles in circles for a short time, so 
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TABLE 3 

PERCER'l'AGE OF PAR'l'ICLJ!5 AND PERCENTAGE OF 

TOTAL OUI!PtPr MASS BY SIZE RANGE 

Ci• 100 )l er= 200 )l 

SIZE RAllGE f m RAlmE "' OF W'AL MASS ·~ m RAimE i OF TOTAL MASS I 

0-25 o.o4 (O.Ol 8.44 < 0.01 

25-75 0.92 <0.01 4.58 0.01 

75-125 2.79 0.08 6.05 o.u 

125-175 6.56 o.62 7.52 0.61 

175-225 12.10 2.70 8.78 1.27 

225-275 17.97 7.82 9.64 2.72 

275-325 19.74 14.84 9.95 4.85 

325-375 17.97 21.46 9.64 7.47 

375-425 12.lO 21.61 8.78 l0.18 

425-475 6.56 16.65 7.52 12.36 

475-525 2. '79 9.73 6.05 13.69 

525-575 0.92 4.26 4.58 13.75 

) 575 o.o4 0.24 8.47 33.12 

-----------·------

I . ' 

I 
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TABLE 4 

DOWNWIND mIP'l' BY Pm!CENT OF TOTAL MASS Ot7.l'PtJT 

PERCD'tA!!E OF TOTAL MASS Ot7.l'PtJT 
m!mWllm mIF'l' 1 M a=- 100 rr. 200 

5.08 :x: lo4 <0.01 <0.01 
2.70 x lo3 <0.01 0.01 
6.68 :x: 102 0.08 0.11 
3.48 :x: 102 

0.62 0.61 
2.62 :x: lo2 2.70 1.27 
2.08 :x: lo2 7.82 2.72 
1.74 :x: la2 14.84 4.85 
1.49 :x: lo2 21.46 7.47 
1.30 :x: lo2 21.61 10.18 
1.16 :x: 102 

16.65 12.36 
1.05 :x: lo2 9.76 13.69 
9.48 :x: 101 4.26 13.75 
8.70 :x: lo1 0.24 33.µ 
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TAW-E 5 

ctlruLA!l'IVE PERCE?l'l'AGE OF TO'l'AL wr.PIJ'l' MASS 

. FALLIIm OU'l' Br VARIOUS DISTANCES llOWl'IWilm 

PERCD'l'AGE 

DISTANCE 'metersl er. 100 tr. 200 

8.70 x iol 0.24 33.12 
9.48 x 101 4.50 46.87 
1.05 x 1o2 14.26 6o.56 
1.16 x 1<>2 30.91 72.92 

1.30 x 1o2 52.52 83.10 
1.49 x 1<>2 73.98 90.57 
1.74 x 102 88,82 95.42 
2.08 x 102 96.64 98.14 
2.62 x 1o2 99.34 99.41 
3.48 x 102 

99.96 > 99.99 
6.68 x 1o2 > 99.99 n 

2.70 x io3 n 
" 

5.08 x 104 n 
" 

--------·--···-·-·-·--

.. ' 
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that rather than beginning to drop immediately, they could maintain 
altitude for a few seconds and be carried downwind somewhat further 
than they otherwise would be. '!'his effect is minimized somewhat in 
practice by not extending the spray booms all the way out to the 
wingtips. 

Evaporation from the particles while in flight is another con-· 
sideration. As a particle moves through the air, evaporation takes 
place and it becomes smaller and lighter, the effect of which is to 
permit it to be carried further downwind. However, since one of the 
factors governing rate of evaporation is exposed surface, this pro­
cess moves in the direction of self-limitation. (Of course, it does 
not reach zero until the surface and mass reach zero). Also, since 
mass is directly proportional to volume (mass• density x vol1J11e), 
we may compare the equation which governs the volume of a sphere with 
the laws which govern its terminal velocity (which in turn leads di­
rectly to its downwind travel) to see how they behave as the particle 
grows smaller. 

4 3 
Vsphere • T 'Tfr 

or 

where S is downwind travel. It may be seen that, while the increase 
in downwind travel of a particle is proportionate either directly to 
the decrease of its radius or tC> the square of its radius, a reduction 
in radius produces a cubic decrease in its mass. In short, while eva­
poration may cause particles to float further downwind, it also acts, 
and in much more pronouncen manner, to reduce the actual amount of 
agent which is finally deposited on the ground. 

In conclusion, it should be pointed out that the foregoing theo­
retical ans.lysis of' the problem of' drift of herbicide is not an ade­
quate substitute f'or good operational testing of the spray equipment 
as it exists and is employed in Vietnam. Such an analysis at best 
yields only an idea of' the magnitude of the problem. It tells us only 
that, under the altitude, windspeed, and atmospheri~ conditions which 
are employed as operational constraints in-country, and assuming that 
the equipment functions within reasonable reach of' its design charac­
teristics, then we should not· expect to find significant tractions of 
the agent output moving great distances downwind. 

----------~---·· 
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S'UMMARY 

The toxicity of the three herbicides in large scale use as defoli­
ants in RVN has been reviewed, With respect to the toxicity of ORANGE, 
the authors quote the conclusions presented in the Midwest Research 
Institute Report which states ",,,that the risk of human and animal tox­
icity from the use of 2,4-D and its various esters and salts is very, 
very low, Its possible effects on fish and fish foods lll!cy' be a problem 
under certain conditions ••• 2,4,5-T resembles 2,4-D in its toxicity to 
animals and fish but is a little more toxic ,,, no synergestic toxici­
ties were noted in animals as a result of using these mixtures," 

Data are presented on fish toxicity that was not available at the 
time the Midwest Research Institute Report was written, and the study 
concludes that there is very little fish toxicity hazard from the dosage 
of ORANGE being used, They also point out that during the time that 
ORANGE has been in use in RVN, there have been no reports of fish kill 
resulting from the use of this herbicide, 

Toxicity data for BLUE (cacodylic acid) and WHITE (piclorem and 
2,4-D) are presented, and it is concluded that they also do not present 
safety hazards to using personnel or personnel who are sprayed, Food 
that has been sprayed can also be safely constm1ed since quantities of 
herbicide deposited per unit area do not constitute a hazardous dose. 

---------·--·---
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TOXICITY OF HERBICIDES m t§E m RVN 

ORANGE 

Herbicide ORANGE, the principal defoliant being used in RVN, is 
composed of the butyl esters of 2,4-D and 2,4,5-T, two of the most 
widely used herbicides in agricQltural and industrial vegetation con­
trol. Until 1965 there had been no substantial case ot death to man 
or animals due to these two herbicides in the more than 20 years that 
they have been in large scale use. 

In 1965, Di Palma* reported that a man committed suicide by con­
sming about 6.5 grams of 2,4-D. Millions of gallons of ORANGE have 
been handled by ARVN and US personnel during the past 5 years without 
any reports of illness even though ARVN personnel frequently work in 
clothing soaked with herbicide. Personnel involved in manufacturing 
these herbicides have also been singQlarly tree from ill effects attri­
butable to these herbicides even though they were exposed to them tor 
long periods of time on ~ daily bas1s. It ~ust therefore be concluded 
that even prolonged exposure to ORANGE is not harmi'Ql to hlJDan.s except 
in those rare instances where an individual may have a specific allergy 
to this substance. 

A detailed review of herbicide toxicological data is contained 
in "Assessment of Ecological Effects of Extensive or Repeated Use of 
Herbicides" prepared by Midwest Research Institute in 1967. The 
authors concluded " ••• that the risk of human and animal toxicity from 
the use of 2,4-D and its various esters and salts is very, very low. 
Its possible effects on fish and or fish roods may be a problem under 
certain conditions." With respect to 2,4,5-T they state "In summary, 
2,4,5-T resembles 2,4-D in its toxicity to animals and fish but is a 
little more toxic ••• no synergistic toxicities were noted in animals 
as a resQlt of using these mixtures." 

The toxicity to fish varies with the species, the salt or ester 
of 2,4-D or 2,4,5-T employed and the duration of exposure. FOr example 
the LD50 in 48 hours for the dimethylamine salt of 2,4-D for bluegill 
sunfish is 166-458 ppm while in 96 hours tor fathead minnow it is 10 
ppm. 

A 2,4-D alkanolamine salt has an L~o of 435-84o ppm for bluegills 
while the propylene glycolbutyl ether,. butoxyethyl, ethyl, butyl and 
isopropyl esters have LD5o's ranging from l.l to 2 ppm. 

*Di Palma, J. R. (Ed.), P• 1003 from Drill's Pharmacology in Medicine, 
McGraw-Hill Book Co., New York (1965). 

1----- ··-·--··------------,.-·--···-·,--·--·---
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One ppm is the equivalent of 2.72 lbs of herbicide per acre-foot 
of water. If 3 gallons of ORANGE were spr~ed on an acre of water one 
root deep, the concentration would be approximately 11 ppm. This 
would be a toxic dose for bluegills if the exposure to this concentra-
tion were 48 holll'S or longer. In bodies of water deeper than one foot, , . -\ 
the concentration would be proportionately decreased. If the herbicide 
fell on a stream with even a·slow current, the herbicide would move 
down stream and might not expose the fish to the lethal dose for more 
than a few hours. It should be noted that in the past few years with 
the large volumes of herbicide being diHeminated in Vietnam, .there 
bave been no reports of fish kill attributed to herbicides. 

BLUE 

The active ingredient of BLUE or Pbytar 5600 is cacodylic acid 
as ito sodi1111 salt. Cacodylic acid is dimethyl arsenic acid in which 
the arsenic 1s in the innocuous pentavalent state rather than the 
toxic trivalent state. Cacodylic acid has been used medicinally tor 
years, being administered· either orally as pills or by hypodermic in­
jection in doses varying trom 0.025 to 0.15 grams/~. !lllllll.ll toxicity 
information is not available, but personnel involved in the manutac­
turing process who have been exposed to this herbicide over long periods 
of time feel that the toxicity must be relatively low. 

Acute oral toxicity (LDc;o) of cacodylic acid in rats is 14oO mg/ 
kg for males and l28o m~kg for females. Skin tests on albino rab-
bi ts with cacodylic acid itself and a commercial formulation of caco­
dylic acid were found to be eHentially non-irritating to the skin. 
Cows fed 24.5 mg/kg of cacodylic acid dail.T in a 6o ~ feeding test 
showed no arsenic in the milk, but arsenic was excreted, principally 
in the urine. After 30 ~s, the amount ingested was balanced by the 
amount excreted. The cows were sacrificed after 6o ~s and ten tis­
sue components and bone were analyzed for arsenic. No tissues stored 
arsenic compounds on a c1111ulative basis even though fractional parts 
per million of arsenic were detected in the liver, spleen and pancreas. 

Fish are able to withstand concentrations of cacodylic acid of 
at least 100 ppm for 72 hours. The L~50 for Galr!busia and Notrophis 
was reported to be about 631 ppm for 72 hours. 

¥ink shrimp, eastern oysters and longnose killifish were able 
to tolerate 4o ppm for 48 hours with no effects. 

A review of data on tbe relationship between arsenicals and can­
cer has shown no greater incidence of 'systemic cancer in h1111ans for 
those individuals who were exposed to arsenic 1rSadile over long per­
iods of time than for those who were not. However, there is one 
report that indicates that cacodylic acid, when injected into mice, 

--·-·-·--------·--·i----·-------
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produced "profound disturbances of cell division" and stimulated mi­
tosis in cells of the crypts of Lieberkuebn and of transplanted 
tumors. 

Exposure to tadpoles to 100 ppm of cacodylic acid (equivalent to 
270 lb/acre foot of water) produced abnormal.ties during embryonic de-
velopment. · 

Since cacodylic acid is currently being employed at a rate DO 
higher than 9,3 lb per acre, it is safe to assurne that there will be 
no harm to man or animals at these use rates, The high tolerance of 
rats, other la.boratory animals and fish to this herbicide place it 
in a. safer category than herbicide ORANGE. 

HHITE 

TORDON 101 mixture which is composed of 2,4-D and picloram as 
the tri-isopropanalamine salt is the most recently introduced herbi­
cide in Vietnam. 

The toxicity of 2,4-D has been discussed under ORANGE and will 
not be repeated here, However, since WHITE includes surfactants and 
other adjuvants, toxicological data on the actual agent has been de­
termined as well as OD picloram alone. 

Picloram bas an oral LD50 for rats of 8200 mg/kg; for mouse 2000; 
guinea pig 3000; rabbit 1670 - 2000; sheep ) 650; cattle) 488. 

For TORDON 101, oral LD50 for rat bas been reported as 3080 mg/kg; 
for sheep 2000; for cattle > 3163. 

In a. feeding test with a cow, 97,7 of the administered picloram 
was recovered unchanged in the urine. No picloram was detected in 
the milk. 

The median tolerance limits of TORDON 101 to fish are as follows: 
fathead minnow, 64 ppm; brook trout, 24o ppm; brown trout, 230 ppm; 
rainbow trout, 150 ppm; green sunfish, 150 ppm. 

Thus, it is apparent that neither picloram nor WHITE is to be 
considered toxic or hazardous to hurnans, animals or fish at the use 
rates being employed in Vietnam. 

·----·------·1--· ---·-·------
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SUMMARY 

The persistence in soils and water of the three principal herbi­
cides, ORANGE, WHITE and BLUE, used in RVN defoliation operations has 
been evaluated. 

2,4-D and 2,4,5-T butyl esters in agent ORANGE are not persistent 
in soil. Microbial decomposition takes place rapidly and the chemicals 
disappear in one to three months at the rates of application used in 
RVN. Germina.tion tests of Black Valentine beans in soils from areas 
in Bien Hoa and Binh Long Provinces which had been defoliated with 
ORANGE in 1966 showed no residual effects of chemical. 

Agent WHITE, containing a mixture of picloram and 2,4-D amines, 
shows greater persistence than ORANGE due to its lower rate of micro­
bial degradation. In Puerto Rico tests, the amount of chemical remain­
ing 6 to 12 months a~er direct application to the soil of picloram in 
amounts 4 to 6 times greater than that used in RVN defoliation opera­
tions was insufficient to cause injury to planted crop seedlings of 
all but the most sensitive crop, soybeans. As confirmed in bean seed­
ling tests on soils from two RVN provinces taken from 1966 and 1967 
defoliation targets, no persistence of herbicide was found 11 to 17 
months a~er single and double applications of WHITE. It is concluded 
that despite the greater persistence of WHITE in soils than ORANGE, 
the residual amounts are not detrimental to crop growth in spra3'ed 
areas in the crop season following defoliation. 

Agent BLUE or cacodylic acid is rapidly absorbed and inactiva­
ted in soils. Field tests have shown that susceptible crops can be 
planted directly in soils within a few days after application of cac­
odylic acid at rates greater than the 3 gallons per acre used in RVN. 

No direct evidence has been found of persistence of toxic resi­
dues in surface drainage and streamflow following applications of 
defoliants in RVN. Streamflow analysis in Oregon and other US loca­
tions has shown a rapid dissipation of 2,4-D and 2,4,5-T in drainage 
waters from aerial spricy- applications on forested areas. No detri­
mental effects on fish and other aquatic organisms were noted in 
streams on sprayed areas. Applications of 2,4-D and related herbi­
cides are made directly into streams and reservoirs for aquatic weed 
control in temperate climates at rates considerably higher than those 
used for defoliation of RVN vegetation without detrimental effects 
on fish and other aquatic organisms or impairment of water quality, 

-------·--·-----------
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SUMMARY ---

The persistence in soils and water of the three principal herbi­
cides, ORANGE, WHITE and BLUE, used in RVN defoliation operations has 
been evaluated, 

2,4-D and 2,4,5-T butyl esters in agent ORANGE are not persistent 
in soil. Microbial decomposition takes place rapidly and the chemicals 
disappear in one to three months at the rates of application used in 
RVN. Germination tests of Black Valentine beans in soils from areas 
in Bien Hoa and Binh Long Provinces which had been .. defoliated with 
ORANGE in 1966 showed no residual effects of chemical, 

Agent WHITE, containing a mixture of piclorem and 21 4-D amines, 
shows greater persistence than ORANGE due to its lower rate of micro­
bial degradation. In Puerto Rico tests, the amount of chemical remain­
ing 6 to 12 months a~er direct application to the soil of picloram in 
amounts 4 to 6 times greater than that used in RVN defoliation opera­
tions was insufficient to cause injury to planted crop seedlings of 
all but the most sensitive crop, soybeans. As confirmed in bean seed­
ling tests on soils from two RVN provinces taken from 1966 and 1967 
defoliation targets, no persistence of' herbicide was found ll to 17 
months after single and double applications of WHITE, It is concluded 
that despite the greater persistence of WHITE.in soils than ORANGE, 
the residusJ. amounts are not detrimental to crop growth in sprayed 
areas in the crop season following defoliation. 

Agent BLUE or cacodylic acid is rapidly absorbed and inactiva­
ted in sons. Field tests have shown that susceptible crops can be 
planted directly in soils within a few days after application of cac­
odylic acid at rates greater than the 3 gallons per acre used in RVN. 

No direct evidence has been found of persistence of toxic resi­
dues in surface drainage and streamflow following applications of 
defoliants in RVN. Stream.flow analysis in Oregon and other US loca­
tions has shown a rapid dissipation of 2,4-D and 2,4,5-T in drainage 
waters from aerial spray applicaticms on forested areas. No detri­
mental effects on fish and other aquatic organisms were noted in 
streams on sprayed areas. Applications of 2,4-D and related herbi­
cides are made directly into streams and reservoirs for aquatic weed 
control in temperate climates at rates considerably higher than those 
used for defoliation of RVN vegetation without detrimental effects 
on fish and other aquatic organiems or impairment of water quality. 
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In view of the minimal. quantities of herbicide available 1'0r 
surface runoff into watershed drainages and streamflows f'rom defoliated 
areas due to re111oval by vegetational. interception, soil adsorption and 
the rapid chemical and photochemical. decomposition and microbiel de­
gradation in soils, it appears extremely unlikely that toxic amount• 
of chemical will occur in drainage waters :f'rom defoliated areas. 

--·-----·--·--1----------
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PERSISTENCE OF HERBICIDES IN SOIL AND WATER 

The persistence and degradation of herbicides 'are important as- . 
pects in an understanding of the ecological consequences of defolia­
tion. The heavy rates of herbicide application used in defOliat:l,on 
in RVN have caused concern as to the persistence and subsequent ef­
fects of herbicides in soils and drainage water. 

The herbicide reaching the soil surface following foliage appli­
cations are subject to: 

(l) Leaching or transport in water downfl.ow in the soil. 
(2) Surface runoff into drainage channels and streams. 
(3) Degradation by photo-decomposition, chemical breakdown and 

microbial degradation. 

The rate of leaching is infl.uenced by: 

(l) Solubility of the herbicide. 
(2) Effect of adsorption of the herbicide in the soil as related 

to soil type. 
(3) Climatic conditions, particularly rainfall and temperature. 

Herbicides in soils are further subject to loss by decomposition 
or degradation by chemical ~lysis and by microbiological activity. 
The net amount of herbicide remaining in soils or other substances 
a~er herbicide application is thus subject to a complex arre;y of var­
iables. 

Objective of the present discussion is to evaluate the available 
information on persistence of the three major herbicides used in RVN, 
ORANGE, WHITE and BLUE, in soils and water. 

Persistence in Soils. 

ORANGE 

The butyl esters of 2,4-D and 2,4,5-T, comprising herbicide ORAnGE, 
are relatively insoluble in water and resist washing f'rom plant fol­
iage. The amount of ORANGE reaching the soil during sprlliY applica­
tions is influenced by the density of vegetation cover and the amount 
of washing of the herbicide f'rom foliage by precipitation following 
SPZ'lliY application. ORANGE retained on either foliage or soil surface 
is subject to decomposition by sunlight. 

Data available on persistence of 2,4-D and 2,4,5-T esters in 
soils f'rom Sheets and Harris (1) indicate that residual. pbytotoxicity 
f'rom 2,4-D at applications up to 4o lb/acre persisted about one month 

- I 
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in greenhouse tests. In field tests, a 5 pound application of 2,4-D 
lasted one month while similar rates of 2,4,5-T ester persisted. for 
three months. Low moisture conditions and.low temperature may extend 
the period of persistence. 

Bovey, Miller and Diaz-Colon (2) in studies conducted in Puerto 
Rico of crop seedling growth in soils following sprs;y applications of 
3 gal/acre of ORANGE on Guava found that the herbicide persisted for 
only one to two months in soils after herbicide application • 

N1111erous investigations have shown that the 2,4-D and 2,4,5-T 
esters in ORANGE are readily decomposed by microbiological activity. 
Audus (3) states that 2,4-D is the least persistent of a large number 
of herbicides investigated, and detoxification due to microorganisms 
was found to occur in 16 to 94 dtiys depending upon soil type. Brown 
and Mitchell (4) in 19li8 pointed out that the disappearance of 2,4-D 
in soils was favored by high temperature and by high moisture and or­
ganic contents; sterilization of the soil led to greatly reduced 
rates of detoxification. 2,4,5-T eaters react in a similar manner. 

Aa a part of the current investigation in RVN, the residual ef• 
fects of ORANGE and WHITE were studied on soils from Bien Hoa and 
Binb Long Provinces by evaluation of Black Valentine bean seedlings 
grown in soil samples from defoliated and untreated areas with simi­
lar soil and vegetation. Bean seedlings were grown for a period of 
9 ds;ys in soil samples from 0-3", 3-6" and 6-12" depths. No residual 
effects of ORANGE herbicide were found in soils frOlll areas treated in 
single applications in September 1966 and with two applications in 
November 1966. Attempts to secure soil samples from areas defoliated 
in 1967 were unsuccessful due to lack of security in potential sites. 

It is concluded that under tropical conditions in RVN, vegetated 
areas treated with ORANGE at 3 or 6 gallons per acre show no residual 
effects of herbicide in soil after a period of several months, al though 
the limited data on soil persistence were taken on areas treated more 
than l2 months previous. The relatively rapid recovery of understory 
vegetation and establisl:ment of vines and new plants on defoliated 
areas points to the rapid disappearance of ORANGE from soils of defol­
iated areas. 

WBITE 

Agent WHITE consists of a mixture of 0.54 lb/gal of piclorem and 2.0 
lb/gal of 2,4-D as tri-isopropanol.amine salts in a water solution. 
Aa previously noted, 2,4-D formulated as ester or amine is readily 
deccmposed in soil due to microbiological and chemical. break.down. 
Picloram or i'ORilOJf (4-emino-3,5,6-trichloropicolinic acid), the other 
phyto-toxic ccmponent of agent WHITE, is characterized by high 
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solubility in water but is relatively presistent to microbial decom­
position as compared to 2,4-D and 2,4,5-T. In the acid form, picloram 
has a solubility to 430 ppm in water at 25° C; the triisopropanolamine 
salt of picloram is highly soluble (5). 

As a consequenc:e of its high solubility in water, agent WHITE is 
readily leached downward in soils and herbicide remaining on foliage 
after application may be washed off and become incorporated into the 
soil. The amount of herbicide which reaches the ground surface for 
incorporation into 1;he soil is strongly influenced by the density of 
vegetation cover. Merkle, Bovey and Hall (6) reported that only 10~ 
of TORDON applied to a dense vegetation cover of live oak in Texas 
actually reached the soil. Under multiple canopy vegetation in RVN, 
the amount of active WHITE reaching the soil during aerial application 
or in subsequent washoff from the foliage is undoubtedly of a low 
order of magnitude. 

Picloram or TORDON is absorbed rapidly by foliage, and transloca­
tion into the remaining parts of the plant takes place rapidly even 
though defoliation symptoms develop slowly (5). 

Picloram exposed to sunlight and ultraviolet light undergoes 
degradation and loss of phytotoxici ty, further reducing the amount o.f 
residual herbicide in soils (5). Tschirley (7) reported that 6o~ of 
picloram exposed in thin layers to utlravlolet light was degraded after 
48 hours whereas 35i was degraded by sunlight; after seven days, more 
than 90~ was degraded by ultraviolet light and 65i by sunlight, 

WHITE or picloram is leached most rapidly in sandy or medium 
textured soils. In laterites, clays and soils high in organic matter, 
adsorption of the chemical results in reduced rates of leaching. Pen­
etration to depths of 2 to 4 feet are reported in most soils although 
in clay soils with high organic matter, the chemical tends to stEcy" in 
the upper 6 inches. Tschirley (7) reported on vegetation responses 

' and soil residues following picloram applications in Puerto Rico at 
rates of 31 9 and 27 pounds/acre on three clay and cl!!¥ loam soils. 
At 12 months after application of picloram at 9 lb/acre under yearly 
rainfall of 85 to 126 inches, residues less than .005 parts per 
million (ppn) were found throughout the 4 foot soil profile. Of the 
crops grown in RVN only soybeans would be affected by this residual 
amount of picloram. The dosage rate of picloram (9 lb/acre) in the 
Puerto Rico tests was six timesheavier than that in RVN defoliation 
using agent WHITE. 

In other tests in Puerto Rico, Bovey, Miller and Diaz-Colon (2) 
grew seedlings of five crop species in surface soils following foliage 
application of picloram on Guava at 6 lbs/acre. All crop spec_ies, 

, 
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Persistence of Herbicide in Soil Horizons of Defoliated and Untreated Areas 

In Bien Hoa and Binh Long Provinces 

Bioassey w1 th Black Val.entine Bean Seedlings 

BIEi l10A PRoVnroE !I 
BnUIICIDE IW3PONSE IN SOIL RORIZON 

JIElUIICIDE ~ DEFOLIATION EFFECT SOIL T!PE 0-J" J-6" 6-12" 

l. ORABGE Sep 66 Canopy dead. Some Grey brown NONE NONE NONE 
undergro'litho sandy loam 

2. NOD Yellow brown " " " 
Band¥ lOUl 

3. WllITE Apr 67 Top canopy bare. Yellow brown " " " 
Regrowth in lower •and¥ loam 
Canopy. Denee 
undergrowth. 

4. NONE Black-brown " " " 
silt loam 

5. WllI'l!E Jan 67 Not noted. Yellow brown " " " 
& sandy loam 

Apr 67 

6. WHI'l'I Aug 66 Canopy bare. Vine Yellow brown " " " 
& regrowth. Br1111h & ~ loam 

Jan 67 grUB undergE"Owtho 

7. :ROD Light brown " " " 
sandy loam 
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I TABLE l O> 
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Persistence ot Herbicide in Soil Horizons of Defoliated and Untreated Areas 

In Bien Hoa and BiDh Long Provinces 

Bioassq with Black Valentine Bean Seedlings 

I BIER HOA :PRovnicE !f 
i 

mBICIDE RESl'ODSE IN SOIL HORIZON 

I l HERBICIDE Bml IlEFOLIATION EFFECT son. TYPE 0-J" J-6" 6-12" 

I l. ORAntm Sep 66 Canaw dead. Some Grey brown llOHl!l NONE NOJIE 

I 
undergt"O'lith. sandy lou I 

2. NOD Yellow brown " " " 

I I Bandy loam 

I 3. ~ AJ)r 61 !l'op canopy bare. Yellow brown " " " 
Regrowth in lower Sandy loam 

! Canopy. Denae 
undergrowth. 

4. l901IE Black-brown " " " 
1ilt loam 

5. Wll1'lE Jan 61 Not noted. Yellow brown " " It 

& sandy loem 
Apr 61 I 

6. W!I'rE Aug 66 Canopy bare. Vine Yellow brown " " " I 
I 

& regt"Owth. Brush & H.Qdy loam l ---1 Jan 61 gra&I undergt"Owtho 
I ' 
I 1. NOD Light brown " " " I 
I sandy lou I 

i 
I 

I 
i 
I 
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Bimr LONG PROVINCE !!f 

HmBICIDE DATE DEFOLIATION EF.FECT SOIL TYPE 
HERBICIDE RESPONSE IN SOIL HORIZON 
0-3" 3-6" 6-12" 

1. l'iHl.'l'E Nov 66 Canopy 90~ defoli- Grey brown NONE NONE NONE 
ated. Undergrowth sand 

I dense, 

I 2. ORANGE 2 Nov 66 Canopy 90'/. defoli- Grey brown " " " 

I 
& ated, Undergrowth sand 

15 Nov 66 dense. 

3. BONE Grey brown .. " " 

I 

sand to 
sandy loam 

4. ORANGE Sep 66 Area Rome-Plowed Grey brown " " no 
and burned one year sand germination 
after spra;y. SJDall 
shrubby regrowth. 

!!:/ Bien :e:oa Province, 5-8 kilometers east of Long Binh. 

!!J Binh Long Province, 20 kilometers south of An Loe on Highwa;y 13. 
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Persistence in Water. 

ORANGE 

The acctanulations of defoliant herbicides in surface drainages and 
their possible persistence in streams, lakes and reservoirs have been 
presented as a potential outcome of large-scale defoliation treat­
ments. 

Limited data are available on the llllOunt of herbicide in streams 
and watershed drainages following herbicide applications of forested 
lands and from direct application of herbicides in streams and reser­
voirs. 

Tarrant and Norris (9) reported only a light and short-lived 
contamination of stream water in Oregon as a result of aerial spra;y­
ing with 2,4-D and 2,4,5-T at 2 lb/acre. The amount of chemical in 
stream water immediately after aerial application ranged :f'rom 0.2 to 
70 parts per billion (ppb) but dropped to 0.2 ppb within a few ~s. 
No effect of herbicide was noted from these concentrations on salmon 
try or stream bottom orga.niams. In other evaluations of herbicide 
content of stream drainage reported by House, et .!!! (10) following 
aerial spraying and basal stem treatment with 2,4-D and 2,4,5-T at 
3 lb/acre, no traces of herbicides were found in streamflow, and 
only traces in soils at 8 ~s after treatment. . 

Extensive use of 21 4-D and related phenoxy herbicides has been 
made for control of aquatic weeds in direct applications to streams 
and lakes without harmful effects on fish and aquatic organisms. 
Smith and Isom (11) have reported no adverse effects on aquatic or­
~isms or water quality from applications of heavy rates of 2,4-D 
{44 to 100 lb/acre) made directly in the water of TVA reservoirs. 
These rates greatly exceed the 25 lb/acre acid equivalent of 2,4-D 
and 2,4,5-T used 'in RVN defoliation application. Recommended prac­
tices for aquatic weed control in temperate regions include 2,4-D 
at 4 to 6 lb/acre and the related phenoxy compound, 2,4,5-T.P or 
SILVEX at 8 lb/acre which represent saf'e dosage limits in terms of 
effects on aquatic organisms, fish and water quality. With dilu­
tion from normal rainfall and watershed drainage following defolia­
tion operations with ORAJIGE in RVN, the dosage levels in drainages 
would be substantially below toxic levels for fish and aquatic or­
ganisms. 

There have been no reported instances of fish kill or reduction 
in fish catch in inland and coastal waters in South Vietnam as re­
ported by the RVN Department of Fisheries. Although direct evidence 
of herbicide residues in streams and waterways of RVN is not avail­
able, indirect evidence points strongly to the conclusion that no 
harmful ecological consequences have resulted from the use of ORA:ftGE 
and other defoliants on forest vegetation in RVN. 

---------·---------

, . 

. . 

T 



'\.') 

' 

v 

.. -·-·------·~-·-- -'------·-·----

ll-D 

Little infonnation is available on the persistence of WHITE or piclor­
am residues in a water environment. 

Degradation of picloram in water by sunlight is reported by Rouse, 
et !Y:_ (10) to amount to 0.04 of 0.5 lb of piclorem/acre/day at solu­
tion depths of l2 feet to O.l inch. At low concentrations, the rate 
of decomposition appears to increase with increased depth of water. 
Further, in deep water, rate of decomposition is more rapid when the 
water is circulating than when calm. 

With the high degree of solubility of agent WRITE in water, sur­
face washing into streams and drainage channels would normally lead 
to rapid diffusion and dissipation below limits which could affect 
water quality and toxicity to fish and aquatic organisms. Thus the 
combination of high solubility and rapid degradation of picloram in 
water solution by sunlight would tend to cause rapid disappearance of 
WRITE in water and lack of lethal residues. 

BLUE 

Cacodylic acid or agent BLUE contains 3.1 lb/gallon of sodium ca.co~ 
dylate and cacodylic acid in a water solution. Because of its high 
solubility, cacodylic acid is readily diffused in a water environment 
and should rapidly dissipate in normal stream flow. 

Following the use of BLUE in foliage spray application for des­
truction of rice crops, the residual cacodylic acid will be rapidly 
adsorbed by soil as indicated in the earlier discussion. Although 
some varieties of rice are killed with cacodylic acid at rates of 
0.5 to l.O lb/acre in foliage spray application, tests at Fort Detrick 
have shown that rates of 16 lb/acre and higher are required for kill 
of paddy rice when the herbicide is applied in water under field con­
ditions. 

Leaching and transport Of toxic residues of BLUE would appear 
to present no hazard to adjacent crops or deleterious effects on 
water quality in streamflow or irrigation water from treated areas. 

__ , 
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SUMMARY 

Two of the three herbicides currently in large-scale use in Viet­
nam, 118ents BLUE and WBI'l'E,are aqueous solutions of water soluble 
solids. The active ingredients are non-volatile, and therefore there 
is no vapor hazard associated with their use. 

Although CRAIGE is classified as a volatile herbicide by plant 
physiologists, the physical chemist regards it as essentially non­
volatile. Damage arising from its vapor in defoliation operations in 
Vietnam are not significant. These hazards are adequately controlled 
under current techniques of application. 

-------·---·----------
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POTENTIAL HAZARllS OF HERBICIDE VAPORS 

Two of the three herbicides currently in large-scal.e use in Viet­
nam, agents BLUE and WHITE, are aqueous solutions of water soluble 
solids. The active ingredients are non-volatile, and therefore there 
is no vapor hazard associated with their use. 

In the field of vegetation control, ORANGE is regarded as a vol­
atile herbicide. However, the physical chemist would regard it as 
essentially non-volatile. 

Table 1 shows the comparative v<llatili ty of butyl 2, 4-D and other 
common chemicals. The volatility of ORANGE is assumed to be essential.­
ly the same as that of butyl 2,4-D, a component of ORANGE. Val.ues in 
the table are the temperatures at wh1.ch the vapor pressure of the mater­
ial. equals 1 mm of mercury. A high value, such as that of butyl 2,4-D, 
thus represents low volatility. 

Severity of plant responses is a function of vapor concentration 
and time of exposure. Vapors can arise from the spray drops regard­
less of their location. The fate of vapors arising in the following 
situations are considered in this study: (a) durin¥ drop fal.l from 
the aircraft under lapse and inversion conditions; lb) from herbicide 
deposited on the upper canopy; (c) from herbicide deposited below the 
upper canopy. 

Since the vapor pressure of ORANGE is so low, and since approxi­
mately 97~ of the spray volume is deposited on the ground or vegetation 
in less than one minute following release from the aircra~, it is 
concluded that the quantity of vapor released during droplet descent 
represents an extremely smal.l percentage of the entire mass of herbi­
cide sprayed. 

Since evaporation is a function of surface area, most of the va­
pors that arise· during a spray operation will come from the smal.l 
drops which present the largest surface area; however, the percent of 
the total. mass of herbicide that conststs of drops 100 microns or 
smal.ler is less than l~. Therefore, the vapors arising from this 
source during droplet descent would be an extremely small fraction of 
the 1Dt.al.mass of herbicide released. 

The vapors, being gaseous, behave in accordance with the laws of 
gaseous diffusion and under inversion conditions tend to fill the en­
tire space between the bottom of the inversion layer and the ground. 
This diffusion results in dilution of the vapors, thus reducing her­
bicide vapor hazard. The rate of downwind movement of vapors, and 

-~--r-------------·---·----------r \., __ 
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TABLE l 

Relative Volatility of Common Chemicals* 

Temperature at which vapor pressure equals l mm of mercury: 

SUB.STANCE TEMPERATURE 0c 

Water -17 

Butyl Alcohol - l 

Ethyl Glycol 
(permanent anti-freeze) 

53 

Naphthalene 
(solid moth balls) 

53 

Hexachlorobenzene 114 

Kerosene 120 

No. l Fuel Oil 120 

Glycerine 125 

Butyl 2,4.D 147 

No. 2 Fuel Oil (153) 
• 

* Data from Handbook of Chemistry and Physics 
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therefore the duration of exposure of plants to the vapors, is depen­
dent upon wind speed in the first few minutes subsequent to spray 
release, While no quantitative data are available, it is our consi­
dered judgement, based on the above reasoning, that vapors arising 
during the actual spray operation, as usually carried out, can be 
dismissed as a source of herbicide for crop damage outside target 
areas. 

If lapse conditions exist during the spray operation, vapors 
produced at that time will rise above the vegetation in convection 
currents, become diluted in the atmosphere and thus be removed as a 
potential. crop hazard, 

Under neutral conditions, when there is no vertical air movement 
due to temperature differences, vapors of ORANGE will be affected in 
the same manner as under inversi()n C()nditions except for the upper 
limit of diffusion. Since there is no inversion cap under neutral 
conditions, the vapors will be unrestricted in their upward movement, 
but downward movement toward the earth will also occur. 

Since there is no vertical air movement under neutral conditions, 
the diffusion rate will be much slower than under strong lapse or in­
version. The vapors will fill a large volume of air and thus become. 
more diluted, but a longer period of time will be required for this to 
occur. 

If there is wind during this period, the vapor cloud will ~ove 
with it. However, there generally is a calm period during neutral 
conditions when the change-over from inversion to lapse occurs. This 
generally lasts for about an bo11r. During this period the vapor cloud 
will remain stationary or nearly so within or above the sprayed area. 
If there should be a slight breeze (2-3 mph), the cloud would move out 
of the sprayed area and could affect plants 2-3 miles immediately down­
wind of the target. Plant damage might occur under these circ1aatances 
if the concentration of the vapor and the exposure time were suffici­
ently great. 

Frequently after the change-over ·to lapse, wind speed increases, 
thus reducing time of exposure to crops. 

The greatest hazard of vapor damage occurs under neutral conditions 
and near-calm winds. However, only crops within 2-3 miles of the tar­
get will be exposed for a sufficiently long period of time to be af­
fected. For this reason it is strongly recommended that spray missions 
be carried out only under inversion c!ondi tions insofar as the tactical 
situation permits, 
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Vapors from the herbicide deposited qpon the upper licy-er ot the 
canopy might also be considered a possible hazard to sensitive crops 
outside the sprayed area •. However, absorption of herbicide ORANGE 
cOIDlllences almost immediately qpon being deposited on a lea:!' surface, 
and a lethal dose can be absorbed within a matter ot minutes by small 
actively growing broadlea:f' plants. Absorption ot the drops falling 
on the qpper canopy removes some of the herbicide from the lea:!' sur­
face, but the unabsorbed portion is subject to evaporation, yielding 
unknown quantities of vapors. Kowever, under inversion conditions, 
vapors will tilter down to the ground within the jungle, and under 
lapse conditions they will rise above the canopy and be dissipated. 

The drops that tilter down into the jungle and are intercepted 
at intermediate and lover levels release vapors, but these are en­
trapped "in situ" since there is ve'1'7 little, it 9.111, horizontal air 
movement within the jungle. 

Vapors that a.re released within the jungle continue .. to be ab­
sorbed by the plants in the sprayed area, thus supplementing the 
effects ot the herbicide that was absorbed from the liquid drops. 

Several dicy-s after spray applications have been made, it _is pos­
sible to detect the odor ot herbicide within the sprayed area but not_ 
outside it. It baa been observed that broadlea:f' plants in adjacent 
unsp~d areas have not shown herbicide responses,indicating absence 
ot significant lateral movement of herbicide vapors within and out 
ot the jungle. 

One ot the authors bas photographed rubber trees that were spriey-ed 
with ORABGE. The swath is quite distinct with a sharp line between the 
sprayed and unsprayed areas. If volatility were a serious hazard, one 
would expect to see a gradation of effects between the sprayed and un­
sprayed areas as vapors released frOID the spriey-ed area dri:fted toward 
the unsprayed area. Since rubber is sensitive to ORAllGE, one can con­
clude that there was DO lateral vapor movement or that the vapor con­
centration was inaut1'1cient to induce plant responses. 

The crop d11111aee that is attributed to herbicide vapors in the OS 
occurs under different conditions. Generally the vegetation that is 
spricy-ed is not as tall or dense as the Vietnamese jungle. In some 
cases the sprayed area lligbt be another crop such as rice. Movement 
of vapors 1'rom. vegetation patterns ot this type can occur more readily 
than from dense jungle. Moreover, much of the damage that has been 
reported has been to cotton, which is injured at dosaee rates as low 
as O.l lb/A ot 2,4-D when in e$rly stliges ot developnent. Frequently 
with lower doses or at later staees of development, cotton will show 
severe lea:!' ma.ltormations, but yield ot seed cotton will not be 
a:f'tected. 

------·-·--1-----· 
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