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extensive studies as presented by Dr. Fred Tschirley in one of his reports (8).
He states that picloram with few exceptions was the most effective herbicide
tested for long-term defoliation. Picloram is not equally phytotoxic, and the
rate required for effective defoliation varies widely. However, there is a very
broad spectrum of woody species that are susceptible to picloram. making
piclqram particularly appropriate for the defoliation of forest types with high
spectes diversity, such as are frequently found in tropical environments.
Picloram also provides greater suppression of lateral and basal dormant buds.
In studies of the amounts of picloram and 2.4-D moved about in different
areas of the plant, it was shown that picloram was translocated more readily
than 2.4-D. and this great mobility within the plant is probably the reason
that picloram suppresses dormant buds more effectively than does 2.4-D.
Furthermore. it was found that 2.4.5-T is not translocated, that is, moved
through the feaves upon which it has been deposited, until the leaves are fully
expanded.

Woody plants can also be effectively controlied by making herbicidal
applications to the soil. Vegetation control can be obtained for relatively
long periods if enough herbicide is used and there is not 100 much rain. The
research indicated that picloram is mobile in the soil but does not degrade
rapidly. In heavy clay the picloram remained at phyviotoxic levels for long
pertods of time. Tschirley concluded that considerable regrowth occurs
within six months after application of high rates of 2.4-D and 2.4.5-T to
foliage. The rate and degree of regrowth are lower when equivalent volumes
of picloram are applied. Application of 27 pounds;acre of picloram to the soil
in rain forests in Puerto Rico resuited in almost complete desiruciion of woody
vegetation. Within one vear after treatment, however, the ground floor was
completely covered with grasses and sedges, and woody secedlings were also
becoming established. Grasses and herbaceous weeds are almost always the
first vegeration types to reinvade an area after treatment with herbicide. In
dry areas the grasses and weeds are of low stature. but they may grow as high
as ten feet in wet tropical areas. Thus. if defoliation is maintained in 2 wet
evergreen forest. grasses, sedges. and vines will quickly become established on
the forest Aoon

The Use of Herbicides in Vietnam

. Vietnamese military orces conducted several farge-scale tests of herbicides
in the spring of 1962. At this time United States planes sprayed jungie along
High-vay 15 connecting Bien Hoa to the coastal city of Vung Tuau. This seventy-
mile route had been considered unsafe for months, and government officials
had 1o travel to Vung Tau by air. Following this early test, a high Vietnamese
official said;
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Defoliant chemicals will also be sprayed on Viet Cong plantations of manioc and
sweet potatoes in the highlands. The exact locations of these plantations have already
been plotted by aerial surveys. Tests have shown that manioc and sweet potatoes die
four days after having been sprayed. These are the two most important food staples
for the Communist bands in the mountains. (3)

_ Additional defoliation tests against mangrove and Nipa palm vegetation
of the Ca Mau Peninsula were conducted in August, 1962, In these trials the
heavv delta vegetation was spraved 400 meters back from the edge of the
rivers. and the roads were spraved over a total length of seventy-nine kilo-
meiers. The agents used were 2.4-D and 2,4.5-T at the rate of 1.5 and 3.3
gallons per acre. The mangrove vegetation was completely defoliated in about
one week. Nipa palm was slower. turning vellow and losing its leaves within
five weeks. After five weeks 93 per cent of the leaves had dropped, and the
visibility of the ground from directly overhead was increased by 90 per cent
according to Army studies. Some of the consequences of this defoliation
appeared to be economically beneficial. Following defoliation, the mangrove
stands along some of the roads became accessible to the native woodcutters
who cut the trees. converted the wood to charcoal. and sold it for fuel. Where
the land was sustable after removal of the trees. various crops were planted
and cultivated.

Since 1961. when herbictdes were first used in Vietnam, military defoliation
has become the largest known use of herbicides. This activity has been carried
on by the U.S. Air Force. which created the 309th Air Commando Squadron.
The first of their aircraft. C123 cargo planes, specially equipped for spray
appiication, came 10 Tan Son Nhut Airport on November 29. 196i. This
group of aircraft was the forerunner of the operation later to be known as
Operation Ranchhand. '

Military considerations primanily deiermine how and where and when
herbicides wiif be applied {3). The particular tactical objectives (temporary
teaf drop or plant kill) largely determine the type of vegetation treated and
therefore the herbicide used. The extent of kill vs. defoliation depends on
the herbicide used. the time of the vear. and the nature of the vegetation.
The rate and nature of revegetation and succession depend in part on whether
isolated strips and patches of jungle vegetation are destroyed or whether large
contiguous areas are controlled. Spraying cropland gives different ecological
effects from those resulting from the defoliation of forests and brushland.

The Midwest Research Instituie repori, Assessment of Ecological Effects
of Extensive or Repeated Use of Herbicides, prepared in 1967 at the request
of ARPA of the Department of Defense. identifies the following as major defo-
liation targets:

. Nipa palm and mangrove woodlands grow in coastal areas in deltas
and within reach of the tidal waters along the banks and out into the rivers
and canals of South Vietnam. The edges of these waterways are sprayed
for a distance of 200 to 300 meters back from the water. Since these are
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permanent traffic routes. the objectives include total piant kill and long-
term vegetation control. Respraying at yearly intervals is generally required.

2. Rain or moist evergreen forests usually have three stories of foliage
with a ground cover of shrubs. vines. and herbs of variable density. These
targets are spraved to create bare stretches surrounding Viet Cong strong-
holds so that movement of men or supplies in and out of the area can be
observed from the air, This type of larget requires rapid defolation: how-
ever. long-term control or permanent kill is not essential.

3. The dense shrubbery and second-growth brush along highways and
roads create cover for ambush. These areas are defoliated back into the
edge of the forest to deprive the Viet Cong of concealment. At points
where Viet Cong are known 1o have set up road blocks for the confiscation
of “taxes.” an area 400 meters in extent is cleared to expose such opera-
tions for aerial reconnaissance and attack.

4. In the Meckong Delta area. the Viet Cong often secrete caches of
ammunition. food. and supplics so well concealed that they are difficuit
to find on the ground and impossible 1o detect from the air. Trees, weeds.
and underbrush are defoliated 10 disclose the location of these suppix
dumps.

3 Inarcas that have been cleared for villuges. buiidings. and miliary
posts. heavy grasses and foliage mav hide the infiltration of unseen at-
tackers. This foliage is treated to hold down the grasses and foliage out
10 a safe distance. Long-term control is desirable in this application. (3)

In Vietnum both fixed-wing aircraft and helicopters are used for herbicide
application. The HU-1B helicopter has been made available to the U.S. Army
and to the Vietnamese Air Force {(RVNAF) for special types of herbicide
applications. The basic spray plane. however, is the twin-engine C-123 air-
craft.* equipped with a chemical tank of 1.000-gallon capacity and A;A45y-1
internal defoliation dispensers. Each plane has two wing booms each with
fourteen nozzles and a tail boom with eight nozzles. The normal crew consists
of pilot, copilot. and a technical specialist who operates the spray console at
the back of the planc. The spray equipment is calibrated to discharge the
1.060-gul tank in a five-minuie period: however, in case of emergency the
tank can be emptied in slightly less than thirty seconds.

As is the case with aerial spraying for civitian applications, the spray run
15 made as close 10 the foliage as practical and at a relatively low speed. A
normal spray application takes place at about 150 fect at a speed of 130 knots.
only seven knots above stall speed. Under these conditions. the spray emerging
from the open nozzles is atomized by air turbuience into herbicide droplets
ranging from i00 1o 400 microns in diameter with an average drop size of
about 300 microns. The spray must from a single plane reaches the forest

* These aircraft have recently been modified by the addition of two jet motors.
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Figure 3-1. U.5. Air Force C-123 aircraft spraying herbicides over cultivated
South Vietnamese fields. Wide World Photos.

canopy in a swath approximately 250 feet wide. However, the pattern of
settling is greatly influenced by weather, wind. and thermal currents. The
most cffective spray results are obtained in the early morning when the air
15 calm. the spray can settle directly onto the target, and movement to un-
desired targets is minimized.

Tests have been made to determine the pattern of spray-droplet intercep-
tion by the various levels of leaves in the forest. In a moist tropicat forest in
tuill leaf approximately 80 per cent of the spray droplets are intercepted by
the foliage of the topmost canopy. About 14 per cent is caught by the inter-
mediate levels of vegetation; and only 6 per cent reaches the shrubbery and
ground.
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applications. The fine droplets (200 microns or less) formed when liquid is
released from aircraft, are readily affected by air currents. For example,
Tschiriey found that a 200-micron droplet will drift nine feet while failing
twenty fect in a lateral airflow of 1 mile per hour. The farther above the forest
the spray is.refeased. the more drift will occur and the more likely it is that
the droplets will enter rising air currents. Some drifting of small droplets
cannol be avoided. Tests conducted in Thailand established that about 20
per cent of the herbicide drifts or evaporates and lands elsewhere than intended.

The picloram and cacodylic acid mixtures used in Vietnam are considered
nonvolatile and should be subject only to wind drift. The n-buty! esters of
2.4-Dand 2.4.5-T. on the other hand, are highly voiatile under both laboratory
and field conditions. Even the normally low volatiie esters of the chlorophenoxy
acids are significantly volatile when sprayed at the temperatures prevailing in
Vietnam.

While herbicides were being increasingly used in Vietnam, they were also
being tried out against insurgents in Thailand. According to the French
newspaper. Le Monde. of April 20, 1968. the vice-president of Air America
revealed that his planes had been spraying defoliants for the CIA in combar
operations against Thai insurgents on the Isthmus of Kra.

One indication of the magnitude of United States defoliation operations
i Vietnam by 1967 is given in the following quotations from two authorita-
live journals. Science reported in its August 18, 1967, issue:

Defense Department procurement of defoliant chemecals for use in Vietnam is
proceeding at a steady pace. The Pentagon recently announced contracts of $57.7
miflion to eight companies for the chemical agents. Actual yearly expenditures rose
from $12.5 million in fiscal year 1966 to $15.2 million in fiscal 1967. Estimated expendi-
ture for fiscal 1968 is $43.3 million. The companies supplying the defoliants are Dow
Chemical. Diamond  Alkali, Uniroval Chemical, Thompson Chemical. Hercules.
Monsanto, Ansul. and Thompson Hayward.

Business Week reported in its April 22. 1967 issue that:

‘The recent increase in defoliation flights— now chiefly in the demilitarized zone.
where a major enemy ofiensive is feared —has forced the Pentagon to grab all supplies
of the chemical 2.3.5-T, used as weed killer on highways and other rights-of-way, and
on pastures and rangelands.

The Business and Defense Services Administration has been ordered to assure that
milizary orders for 2.4,5-T will be met in full.

According to one industry spokesman. this means thai the compound is “alf gonc.”
Unless production is greatly expanded. there will not even be enough of the material
to satisfy military demands, to say nothing of commercial need. The amoun! the
military seeks is classified but industry speculation puts the figure at four times 1otul
U.S. capacity.

Ina May 13, 1968 AP story it was reported:

Air: Foree officials told Congress last week the chemicals required for Vietnam
operations in fiscal 1969 will cost $70.8 million, an increase of $24.9 miilion over the
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fiscal 1968 figure. . .. The Air Force is preparing to dump 10 million gallons of veg-
etaiion- and Erop—killing poison over South Vietnam in the year beginning this July. . ..
The Pentagon says the chemicals are harmless to humans and animal life and do not
make the soil sterile for future growth. {10}

The greatly expanded defoliation program created significant political
problems for both the South Vieinamese and American Govcr_nmems. Thg
Chriseian Science Monitor correspondent, Elizabeth Pond. detailed some of
the problems in dispatches from Vietnam on November 25, 1967:

“We are people who live by farming alone and have fallen into a deficient, indi‘genl
situation because of the influence of defoliation. American military performed .Ihls by
planes spreading chemicals and the effeci . . . has made various types of‘.frun trees
lose their teaves, ruined fruit. and crops such as green beans. white beans.
peanuts, soybeans und black beans lose their leaves, then die. . . . We sincerely request
vou suggest that the higher authorities send persennel 1o inspect the crops affected in
order to compensate for our losses.” _ _ 7

This 15 the petition that six furmers sent to the American advisor in Kiem Tan
District. Long Khanh Province. And they are not alone in their complaint. Some
000 simslar hpcli(ions. each presented by several farmers jointly, already have bccn
tiled with the Kiem Tan District Chiefl Many of them report crops down by two-thirds
i this October-Noventber harvest season.

The cause of this poor crop. the farmers say. s the American defoliation prograni.

For some the drop means only a loss in profits. The cement hous'cs and the big
Roman Catholic churches that have gone up in the past few veurs testify l?oth to the
tertifity of the soil here and to the hard work of the North Vietnamese refugees who
10 veurs ago began wresting this land from virgin forest. 7 .

For other. poorer farmers farther north, the drop in production medns a reduction
in the amount of food their families will ¢at next year. It appears uniikelv that any

ot the affected furmers will receive cash compensation. despite legal provisions for .

such pavments. _ N .

The United States maintains that this is strictlv a Vietnamese aftair. -[t- gives the
South Vietnamese Government funds for payment of war dumages to civilians. but
it has nothing to do with processing defoliation claims. ) o

On the Vietnamese side, the province chief of Long Khanh has infom.led bis district
chiefs that anything over three kilometers from targeted dcfoiiatioq stl‘e.\' L:Ll]‘]nO[ be
compensated for, and most of the petitions are therefore automaiicaily sheived as
soon as they reach district headquarters. ‘

The fuct that the poor harvests of Kiem Tun District this vear took placc‘ against
a general national and regional increase in vegetable pr-oduction and i‘hc ia.tci thai
various kinds of crops across the board {rem manioc to beans were afiected would
dalse pomnt to detoliants. S

The queston of whether the crop damage was really the result qi _dcto{iahon 15 by
now academic. tor the farmers of Kiem Tan are all convinced that it is. Whatever the
technicud anaiysis, the psyehological tulfout s an established fuct. ]

As one specialist phrased i, with some bitterness: It takes years to teach a farmer
how to plant properly and then this happens. What does Ihte farmer do _when his crop
fails—-send his daughter into town to be a prostitute? [s this what President Johnson

wants 7
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