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CHA.PTER TWO 

The Green Devolution 

It is easy to fOrget, especially when eating rehydrated nutri­
tion chips in Vietnamese mess halls, that human life depends 
on green plants. The chlorophyll of green plants captures so­
lar energy and converts it, through the process of photo­
synthesis, into fOrms of chemically-bound energy that can be 
used by human beings and other living things. In the energy 
cycle ofbfe on Earth, green plants·lIre classified by ecologists 
as constituting trophic level I , which is often termed the pro­
ducer level. Trophic level 2 is composed of herbivores, which 
get their energy by consuming green vegetation. Trophic 
levels S and -4 are made up of carnivores, which eat herbivores 
or, as in the case oflevel 4, other carnivores. Trophic level 6 
consists of decomposers, which are microorganisms capable 
of changing matter into fOrms that can be cycled through liv­
ing systems. 

To a counterinsurgent, plants are the allies of the insurgent. 
Foliage conceals the insurgent and prevents aircraft from 
landing. Food crops feed the insurgent. In South Vietnam, a 
nation that was wholly reliant on agricultural crops until it 
became a US dependent, the ownership of cropland is a funda­
mental economic and political issue used by the insurgent. 
And on at least two occasions during 1965 and 1966, when 
the American military attempted to bum all oxygen in de­
roliated fOrests by saturating them with flaming napalm, 
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plants were used as consumen of the insurgent's oxygen and 
exploited as components of the insurgent's funeral pyre. 

Many attempts have been made to deprive the Indochinese 
insurgent of his allies, the plants. Forests have been inundated 
with defOliating chemicals. Crops have been covered with 
killing sprays. Rice caches have been destroyed. Landing 
!Ones have been blasted in the rorests, adding to the oountless 
craters gouged by bombs and shells directed at the insurgent 
himself. Huge bulldozers known as Rome plows have stripped 
roadsides and carved grids in jungles. And people have been 
driven into population concentrations, thereby taking remote 
land out of production and keeping tenant tarmen under the 
influence of government-protected landlords. 

The Second Indochina War is, in part, an attack on the pro­
ducer level of Indochina's living-energy cycle. Herbicidal 
chemicals have been deployed as weapons in this attack. Two 
aspects of the use of herbicides in Indochina are of paramount 
ecological importance. First, very little is known about the 
environmental oonsequences of using herbicides in Indochina. 
Second, what little is known about herbicides indicates that 
they cause long-term damage not only to green plants, but 
also to all trophic levels of the living environment. 

Late in 1967, the Midwest Research Institute produced fOr 
the Defense Department a document entitled .Assessmrot of 
&ological Effects oj Extensive or &p<ated Ust oj Herbicides 
(the MRI Report). This report noted that, "To our knowl­
edge no articles or books have been addressed to the subject 
oflong-term ecological effects of herbicides, integrated with 
studies of flora and fituna, rangeland, rorests, other non­
agricultural lands, waterways, lakes and reservoirs." The 
MRI Report added, "To assess the use of herbicides upon an 
ecosystem, we are confronted widl serious knowledge de­
ficiencies. A specific 'natural' ecosystem has not yet been oom­
Pletely defined in that man has not been able to analyze one 
in its entirety." 

Most studies of ecosystems and herbicides have been car­
ried out in temperate climates. As the 1--fRI Report stated, 
'!he magnitude of ecological assessment in respect to the 
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Vietnam bioclimate becomes evident when one considers the proportionality of the South Vietn"m'*getational biomass [weight of living&ganisms in an ecosystem] of 600,000 Ib/hectare to the ~land/U.s.A. average woodland plant biomass of a lew thousand Ib/hectare." 
The dangers and confusions of the Indochina war limit field research. Inquiry is further hampered by Defense Depart­ment infonnation control. In the summer of 1970, the Herbi­cide Assessment Commission of the American Association for the Advancement of Science (AAAS) went to South Viet­nam to launch a study of the ecological effects of herbicides. The commission's leader, Dr. Matthew S. Meselson of Har­vard University, reported, "We've been given every other kind of cooperation, but we can't get'me most basic informa­tion we need.-a list of areas sprayed, and when, and with what .... \Ve were told the information is classified 'con­fidential; though the enemy certainly knows where we sprayed." The letus-deforming capability of 2,+,5-T, a de­foliant chemical widely used in Indochina and the United States, was known and concealed by the Defense Department and other govermnent agencies for many years (as indicated in Chapter 5). We cannot know what other secrets the De­fense Department is sitting on. 

The visible tip of the information iceberg indicates that herbicides do even more than kill green plants and conse­quently damage the herbivores, ca~vores, and decomposers in the living-energy cycle. The herbicides used in Indochina also have been proven to have direct poisoning effects on cer­tain fauna, including human beings. If someone asserts that a herbicide is "safe:' his assertion is based on a wealth ofig­norance; it is also based on a policy judgment of how much damage and risk will be tolerated in order to achieve the "benefits" of herbicide use. 
The Peoples of Indochina have close economic and psycho­logical ties to the plants of their environments. The war pre­vents them from using, preserving, or restoring their forests. Their abandoned cropland is subjected to craterization, chemi­ca! application, and natural deterioration. In South Vietnam 
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the war preserves an exploitative landlord system, which takes from farmers much of the income produced by the plants they grow. According to the Joint Development Group, the fanners of South VIetnam make up three-fourths of the conn­tty's population but receive only one-third ofits national in­come. 
A Green Revolution is sweeping the underdeveloped coun­tries of the world. New strains of rice, wheat, and other crops are dramatically increasing agricultural production in many nations. One of these strains, popularly referred to as miracle rice, has been introduced in South Vietnam and Laos by Amer-ican agriculturists. Yet South Vietnam, once a major exporter of rice, noW imports American rice. What has happened is that in Indochina the Green Revolution has been overwhelmed by what can be caUed the Green Devolution, caused by Ame:ican ] war. By applying destructive trigger factors to the enVIron-ments ofIndochina, the war reduces the quantity and diversity , of green plants. Complex, life-rich ecosystems are being suc­ceeded by environments poorer in life and more hostile to humanity. The Green Devolution is analogous to the creation of a human society in which the harsh emotions and intellect of the warrior reign supreme. 

operation Ranch Hand (Hades) 
In the 19S0S, chemists identified the auxins, or honnones, that regulate plant growth. The most powerful plant hor­mone they discovered was 2,4-dichlorophenoxyacetic acid, or 2,4-D. The chemical synthesis of 2,4-D was described in June 1941 (the original pound of synthetic 2,4-D is preserved for posterity by the Smithsonian Institution). 1t was observed that an overdose of2,4-D touched off wild growth in broad­leaved plants and killed them. 

E. J. Kraus of the University of Chicago wrote to a wartime chemical review committee known as the ABC Committee that it might be interested in "the toxic properties of growth­regulating substances for the destruction of crops or the lim­itation of crop production." In 1943, Kraus and others at the University of Chicago began testing 2,4-D on food crops, in-

61 



ECOLOGY OF DEVASTATION: INDOCHINA 

eluding rice. By 19440, herbicide testing was a tnajor program 
at Fort Detrick, a chemical and biological warJare develop­
ment center established at Frederick, Maryland, in 1942. 
~rge Merck of the ABC Committee wrote, "Only the rapid 
ending of the war prevented field trials in an active theatre of 
synthetic agents that would, without injury to human or ani­
mal life, afrect the growing crop. and make them useless." 

Herbicides, which Were originally developed as modem 
technology. improvement on the salts applied to the fields 
~fCartha~, became a major means of managing Vegetation 
m the United States. In 1950, the production of herbicides 
totaled 14 million pound.; in 1966, production exceeded 220 
million pounds. During the 1960s, herbicides represented the 
mstest-growing segment of the agricultural chemical indus­
try, with 1966 production accounting fur 26 percent of the 
country'. total chemical tonnage and +4 percent of its total chemical sales value. 

Beginning early in the 194<Js, researchers at Fort Detrick 
lOcused on another possible use of herbicides: as tools to de­
~troy thick veger.ation in connection with landings on Pacific 
ISlands. A chenncal known as ammonium thiocyanate was 
ready to he used as a defuliant in June 194-5, but apparently 
it was not used because its name sounded too much like the 
poison called cyanide. 

Undeterred by the conclusion of World War II, Detrick re­
searchers continued to test abput 12,000 potential defoliants. 
By 1959 they had developed a mixture of undiluted butyl. 
esters of 2,4-D and of its close chemical relative 2 45-
trlchlorophenoxayacetic acid (2,4,5-T). This mix~re';'as 
applied to a furest at Camp Drum, New York, where it de­
nuded an area of four square miles. 

Defuliation trials were hegun in South Vietnam in July 1961 
under the guidsnce of J. W. Brown. "Even though Wartime 

'conditions interfered with the collection of detailed dsta " 
stated the MRI Report, "these tests established that the est':" 
of2,.4-D and 2,4,5-T were active in killing a majority of the 
spec.tes encountered in Vietnam, providing the herbicide spray 
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' ..... properly applied to the vegetlltion during a period of ac­
tive growth." 

The mixture of 2,4-D and 2,4,5-T esters became the stan­
dard Indochinese jungle defoliant called Agent Orange. Agent 
Orange was used interchangeably with Agent Purple (a 
aIightly difrerent combination of the esters of 2,4-D and 
2,4,5-T), until Purple was discontinued because of its cost. 

Agent White consists of 2,4-D combined with picloram, 
which is a herbicide that decomposes relatively slowly. Ac­
cording to the MRI Report, "This combination provides rela­
tively longer duration control of a wide spectrum of woody 
plants, plus the advantages of accurate spray placement where 
volatility creates problems." ., . 

Agents Orange, Purple, and White are systemIC herbICides, 
which act on plants by entering their internal systems. How­
ever, Agent Blue, the principal crop-destroying herbicide 
used in Indochina, is anot.'Ier type of herbicide. Composed of 
cacodylic acid, it is classified, according :othe ~,RI ~epor:, as 
one of the dessicants, or contact herbICIdes, which IDJure 
fuliage by direct chemical action on contact, causing the leaves 
to turn brown, curl, dry up, and wither." These four agents 
are the only herbicides that the Defense Department ~ ad­
mitted using in Indochina. (See Table 1 for the compoSItIon 
and use. of each of these four military herbicides.) 

The rationale fur using defuliants in counterinsurgency 0p­
erations Was succinctly stated by F. J. Delmore at the First 
Defuliation Conference in 1968; 

The capability of destroying cover and concealment to ~e­
fend against and fight off guerrilla and other types of tactICS 
is absolutely essential. When we clear vege!ation from 
roadsides, railways, and canals, we substantIally reduce 
the opportunity for ambush, and thus allow our ?wn opera­
tions to proceed. in a more timely manner. DefolIants would 
also be used to demarcate boundaries. Defoliation could be· 
used to clear gun emplacements, open up fields o~ fire, 
mark areas of bombing. or test whether or not a partIcular 
area was camouflage or actual vegetation. 
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Like «her counterinsurgency programs in Indochina. the 
Derbicide operation rapidly expanded at a rate unrelated to 
rational policy objectives, as if it bad taken an overdose of its 

- c own growth hormones. On November 29, 1961 the Special 
-Spray Flight of the s09th Aerial Commando Squadron, 
USAF, received its first adapted C-12S cargo planes. The 
herbicide campaign was publicly named Operation Ranch 
Hand, but was assigned a more appropriate code name, 0p­
eration Hades. In December 1962 it was announced in Saigon 

-that Ranch Hand (Hades) bad completed "defoliation of ca­
nals and rivers in the south and a pass south of Qui Nhon." 
In November of that year, the South Vietnamese Air Force 
had announced that it had begun spraying cropland. 

From this rather modest beginning involving little more 
than the spraying of transportation routes and base perime­
ters, Ranch Hand has expanded into an operation that involves 
spraying herbicides On whole ecosystems in South Vietnam, 
Cambodia, and Laos. (Herbicides bave not been used on 
North Vietnam.) Various agencies bave issued a welter of 
conflicting statements concerning the extent of herbicide ap­
plication. (See Table 2 for US Delense Department and NLF 
estimates of areas sprayed with herbicides in South Vietnam.) 
American scientists investigating herbicide damage in South 
Vietnam estimate that by the end of 1970 about one-seventh 
of tbat nation's land area bad been sprayed with herbicides, 
and that 20 percent ofits forests bad been defoliated. 

The MRI Report noted tbat the following "targets" had 
been hit: nipa-palm and mangrove forests along river estu­
aries, tropical rain forests, upland fOrests, foliage around 
villages and military posts, roadsides, the southern portion 
of the Demilitarized Zone, swamps and canals in the Mekong 
delta, and also the Sihanouk Trail in northeastern Cambodia 
and the Ho Chi Minh Trail in southern Laos. The report also 
took notice of crop destruction, adding that urelatively few 
details about crop destruction missions are available. H 

The MRI Report gives the impression that herbicides bave 
been applied only to identifiable targets, such as NLF trails 
and base camps. In fact, as I have seen for myself, broad for-
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Table 2: US Defense ~k=tand NLF Estimates or 
Areas Sprayed with H in South Vietnam. 

Area Sprayed Percentage of Total 
(in 1,000 hectares)· Forest Area Sprayed 

Defense Defense 
Year Dep't. NLF Dep't. NLF 
1961 More than 10 Morethan 10 
1962 More than 10 10 
1968 10 820 
196+ SO DOO 
1965 60 700 
1966 SOO 880 
1967 600 900 
1968 ~IO 990 
1969 490 ],090 
1970 I More than 420 

Total Annual 
Spraying 
( I 96H19 ) 2,020 

Total area 
sprayed one or 
more times 

1% 
8 
6 
6 
6 
I 

(1961-69) 1,800 2,500 18% 

• One hectare - 2.471 acres. 

s% 
6 
7 
9 

10 
10 
II 

More than. 

Source: Fi~s presented by Arthur H. Westing to the Ameri­
can ASSOCIatIOn for the Advancement of Science convention, 
December 29, ] 970. . 

Note: Defense figures are based on gallons of spray expended, 
~d !>."LF figures are based on ground observation. The spray_ 
mg of Agent Blue on crops is included only in NLF data. 

ests have been covered with defuliants. American biologiSts 
bave ?b~",! s~ray damage so miles from the zone of ap­
piIcanon, mdicanng that Defense Department estimates of 
wind-drift range are far too low. 

The conditions under which Operation Ranch Hand bas 
worked ~re no~ conducive to tightly-controlled spraying. 
Veteran JOurnalist Frank Harvey visited Ranch Hand head_ 
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-quarters at Tan Son Nhut Airbase. Saigon, in 1967, He re­
ported that they were flying two missions a day, six ~J:'s a 

-Week. Each C-125 carried about 11,000 pounds of herbICide, 
,worth $5,000. The herbicide was applied from a height of ISO 

" " i!et at a speed of I SO knots, which is only about 15 knots 
than the speed at which a C-12S stalls and crashes. Each 

.' pilallAe-lcl"d of herbicides was supposed to rover 500 acres. 
, "Harvey observed that the Ranch Hand aircrews were cal!ed 
-' -magnetasses" because of their propensity fur attractmg 
"" ground fire, and were rollecting Purple Hearts hand over ~ 
" Their commander, Major Ralph Dresser, described oo~ 
in lOr Mekong-delta r.ms only five reet off the rioe paddles 
and then popping up to 150 reet to spray. In the frequent 
event that the C-123' s were threatened by ground fire or de­
veloped trouble after takeoff, their herbicide ~ rould he 
voided in so seoonds instead of the nonna! four mmutes. Con­
sequently, the many hazards of spraying missions caus.ed ~erb­
icide douches far in excess of the standard dose, whIch Itself 
was about ten times the level of usage permitted in the 
United States. 

Defuliating base perimeters in order to d~rive aw;ckers 
of rover bas some military logic to it. RoadsIde defuhatIon 
cuts two ways: the ambushers bave less cover, but they can 
choose a site where defuliation prevents ambushed personnel 
from escaping the field of fire. But the slapdash broadcast­
spraying of furests, fields, and villages is tactically insane. 
Under the best ronditions, herbicides cause leaf-drop after a 
matter of days, but maximwn defoliation occurs some months 
after application. Herbicides have no use. in the hea: ofba~e. 
Furthermore, the enemy has plenty of time to aVOid regIOns 
where past herbicide use could endanger him. . 

As used in Indochina, herbicides bave helped commumst 
propagandists convince people that the Americans ~ deter­
mined to poison all elements of the Indochmese enVlTOnm~t. 
In the Vietnamese districts where I worked, H Amencan 
poison" was frequently mentioned with fear and loathing by 
farmers, though relatively little defoliation was done th~re. 
Massive defuliation is militarily useful only if the Uruted 
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States wants to drive people intO population concentrations, 
to sever them from their natural means of IivelLhood, and to 
create inexhaustible supplies of enemies. 

In June 1970 the Defense Department announced that de­
fuliation in Indochina had been temporarily suspended two 
months previously. Ranch Hand's C-12Ss were diverted to 
hauling captured goods out of Cambodia, but Pentagon 
sources said they assumed defOliation would resume after the Cambodian incursion. 

The suspension ofthe use of A gent Orange is still in efleet 
at this writing. However, the use of Agent Blue to kill fuod 
crops, mainly Montagnard crops in the central highlands, has 
openly continued. So has the use of Agent White fur defulia­
tion. 

In October 1970 Ronald Ridenhour, the same man who had 
exposed the My Lai massacre, discovered that the Americal 
Division was spraying Agent Orange on Montagnard fuod 
crops in the highlands of Quang Ngai and Quang Tm prov­
inces. Ridenhour fuund this out from enlisted men in the divi­
sion's 90th Chemical Detachment after their commander had 
claimed they Were using only Agent Blue. The US command 
in South Vietnam subsequently admitted that Orange had 
been used in violation of the suspension. 

In December 1970 President Nixon's press secretary. 
Ronald Ziegler, said that "!' "orderly, yet rapid phase-cut" 
of all herbicide operations in Vietnam had begun. There are 
indications, however, that the Defense Department is refin­
ing its herbicide program as a means of dealing with its prob­
lems throughout the world. In 1969 the US Air Force an­
nounced that it was seeking a contractOr to undenake a study 
toward the "ultimate goal" of a "handbook fur Air Force base 
civil engineers with worldwide recommendations fur effecting 
vegetation control.u In the future, then, other nations may 
expect to be visited by "base civil engineers" ready to carry 
out "vegetation control" similar to that described below. 
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Hrukd Mangrovu 
_ The Mekong River lolls sluggishly through many channels to 

the sea, heavy with the alluvium of numerous countries. Rid­
ing its muddy waters are mangrove seeds. In the delta, the 
river sediments escape the gentle throst of the current to set­
tIe on the bottom and the mangrove seeds subsequently 
sprout in the new underwater soil. Soon, outposts of green 
arise where the land is extending into the ses. 

Mangroves are not a single species. Rather, they are an 
aggregate of unrelated individual species, which, like mem­
bers of a social class, play similar roles in a similar habitat. 
The pioneering mangrove species of South Vietnam is 
Aflicennia 1IlIlTina, which colonizes the clay accretions at the 
sea face. The roots of A. m.anna trap and consolidate drifting 
soil A fter five or six years, Rhirtphora conjugaUl, Bruguiera 
paroifIora, and Cerit>ps candolleana establish themselves on the 
partially stahilized soil. This process of SO-<:alIed ecological 
succession leads, after about twenty years, to a mangrove fOr­
est dominated by R. conjugaUl and B. paroijIora. Ifsilting con­
tinues, the soil, enriched by dead mangroves, rises above 
high-tide level. Then the furest reaches its ecological climax, 
the fiual, stable stage of succession, which is dominated by the 
cajeput tree ( MeWeNca kucaJendrrm) and the nipa pahn (Nipa 
fruticans) • 

Behind the frontier of mangrove trees, freshwater swamps 
develop. In these swamps a transitioual ecosystem known as 
the hydrosere pushes the land ever further into the water. 
Herbaceous aquatic plants slow the current, trap silt, and 
drop their dead remains. The land level rises. As conditions 
change, plant communities move in to be succeeded by other 
plants until the hydrosere reaches its climax stage, a taU 
furest. However, the soil beneath the furest remains exactly 
at water level, because the conditions fur soil deposition are 
no longer operating. . 

It was this interaction between water-flow, sediment, and 
vegetation that created the Mekong delta. Mangrove forests 
presently cover about 1,800 square miles in South Vietruun, 
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rorming a b"!wark against the open ocean from the tip of the 
~_~au ~.to Cap St Jacques (Vung Tau). In addi­
;;,--- <V exteruimg the delta land and ronning the basis ror the 
~ve-swamp ecosystem, the mangrove trees and bushes 

proVide useful timber, wood ror tnaking charcoa! and tannin ror curing hides. ' 
Mangrove rorests have also been used as strongholds b th~ NLF:-on the Ca Mau peninsula, at the mouth of th~ 

SaIgon RIver, and elsewhere. Defoliants have been liberall appll~ ~ the mangroves. The AAAS Herbicide Assessmen'; 
ComnnsslOn estimated that by the end of 1970 about 50 per_ 
cent of the ~ m~grove forests of South Vietnam had bee~ sprayed WIth herbICIdes. This estimate does not include 
the inland clllIlax mangrove forests, sometimes referred to as rear mangroves. 
. De~liated mangrove forests were also visited by USDA 

bIOlOgIst Fred ~. Tschirley and later by Gordon H. Orlans 
and .~. W. PfeIller. T schirley found that one application of 
hc-bicuk iills 90 percent of trees in tlu mangrove type. Orians and 
PfeIffer confirmed Tschirley's observation add' --M f th.. ~ mg, osto .e areas we ViSIted by boat on the Rung Sat Peninsula Were 
still completely barren even though some of the areas had 
been sprayed several years earlier. Only in occasional places 
Was t!tere any regeneration of mangrove trees .... 

Orlans and Pfeiffer noted that Tschirley's estimate that it 
would take twenty years tq ,reestablish the dominant man­
grove forest "is based upon the assumption ofurun' ed' d· 'b . tate re-IStT! ullon of seeds to the defoliated areas and th f . b '. e pres"""" o. sUlta Ie gernunatlOn conditions when they arrive U Th ~l~espread ~i1Iing of mature mangroves, they obsen:ed, in~ 

hlblts seed dIspersal. Also, they speculated that the .. aI '1 d· . unusu SOl con .1~IOns of mangrove forests may result in a failure of 
the herbl~ldes to be decomposed," which could prevent seed 
gennlnanon. Because mangrove seeds are water-dispersed, 
mangrove areas flooded only by the highest tides may never 
be reseeded. Onans and Pfeiffer concluded "It be cl .. A_A tha ' cannot ex-== t reestablishment oftbe original furest may be im-
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pOssible exoept along the edges of the river channels:' 
The liming of 50 percent of South Vietnam's coastal man­

groves and the consequent silencing of the profusion of life 
in the mangrove ecosystem may have fur-reaching c0nse­
quences. Mangroves are the living mechanism for the advance 
and protection of the land of the Mekong delta. Dr. PfeilJer 
told me that he had received reports that dredging operations 
in the Saigon River ship channel had to be greatly increased 
after the lI'.angrDves died. "They defoliated there," he said, 
"to prevent the NLF from sinking a ship in the channel and 
blocking it. It worked; the mangroves were killed. But now 
they have to deal with the erosion. It's ironic, like the land 
striking hack." 

Spreading tIu! Green Desert 

At one time nearly all of Indochina was covered with forests. 
But most of these fOrests have been impoverished or destroyed 
by human activities. In the lowlands, the river deltas have 
been cleared of mangroves and hydroseres, and have subse­
quently been covered with rice paddies. Selective logging has 
nearly eliminated many tree species. In the highlands, primary 
( or climax) forests have been slashed and burned for swidden 
agriculture. Abandoned swidden fields commonly develop 
serondary forests, which are composed of fast-growing soft­
wood species that, ifleft undisturbed, give way to primary­
forest hardwoods after some centuries. However, soils that 
have been exhausted by heavy funning or overgrazing, then 
repeatedly swept by fire, have beoome either completely bar­
ren or covered with savanna grass. In such areas the former 
forest will never regenerate itself. 

Before the Second Indochina War, fOrests covered about 
50 percent of the two Vietnams, 25 percent of Cambodia, and 
65 percent of Thailand and Laos. Extensive stands ofpriInary 
fbrest still existed in remote areas. Since then, new and deva­
stating /actors have been applied deliberately and non­
agriculturally to the forests of South Vietnam and of the bor­
der regions in Laos and Cambodia: these /actors have included 
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herbicides, explosives, Rome plows, and widespread fires. 
In attempting to determine the ecological effects of these 

military trigger factors on the forests of South Vietnam~ one 
must first slash through confusing forest classifications in the 
scientific literature. Uewelyn Williams has outlined fOur sys­
tems of fOrest classification: 

I) The floristic system, in which the fOrest is defined by 
reference to the species of plants in it. For example, one often 
reads of South Vietnam's dipterocarp fOrests, which are domi­
nated by trees of the fiunily Dipterocarpacae. 

2) The physiognomic system, in which the furest is de­
fined by the appearance and structure of the plant community. 
For example, certain parts of South Vietnam have what is 
called triple-canopy jungle. 

$) The holistic system, in which the fOrest is defined by all 
of the metors influencing it. This classification system de­
pends on a thorough ecolOgical study. 

4) The bioclimatic system, in which the fOrest is defined in 
terms of either the sera! (successional) plant community or 
the climax-stage plant community that is associated with a 
certain climate. Under this system, furest types tend to be 
determined by rainf.ill, temperature, wind, light intensity, 
and soil conditions. 

The bioclimatic system is the commonest and certainly the 
clearest system fOr classifying tropical fOrests. Williams has 
identified eight major bioclimatic forest associations, or fOr­
mations, in Southeast Asia: (a) evergreen rain fOrests and 
evergreen moist fOrests; (b) montane fOrests; (c) coniferous 
fOrests; (d) seasonal, or monsoon, forests; (e) dry deciduous 
fOrests; (f) swamp furmations, composed of the brackish man­
grove swamps and the freshwater hydroseres; (g) littoral 
fOrtnations; and (h) bamboo brakes. (The basic furest types 
of South Vietnam are outlined, under slightly diJrerent cate­
gories, in Table $.) 

Swamp furtnations already have been discussed. Littoral 
formations are open forests on poor seashore soils; they cover 
relatively small areas in South Vietnam. Bamboo brakes are 
seral, rather than climax, growths, and act as inhibitors of 
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Table 8: Forest Areas of South Vretnam. 

FOREST TYPE 

Dense 
Pure Dense (40,,500) 
Dense plus Secondary (670) 
SecoIldary (4«l) 

Open , 
Bamboo 
Mangrove 

True Mangrove (SSO) 
Rear Mangrove (160) 

Rubber 
Other 

Pine (40) 
Brush (900) 

Total 

AREA 
(in 1,000 hectares) 

6,sSO 

2,040 
810 
400 

170 
94Q 

9,980 

Source: Presented by Arthur H. Westing to the Ameri­
can Association for the Advancement of Science conven­
tion December 29, 1970 [derived from "Republic of 
Vie:nam Vegetation Map" (Dalat: National Geo­
graphic Service, 19(19) J. 

fOrest regeneration (as discussed later). Coniferous furests 
are limited to the Darlac plateau and apparently have not been 
extensively treated with herbicides. Montane fOrests are 
limited to the misty higher slopes. They grow very slowly 
and take at least 50 years to regenerate themselves. I have 
seen no studies of herbicidal eJrects on montane furests. 

The majority of South Vietnam's fOrests are evergreen, 
seasonal, or dry deciduous formations. The evergreen forests 
receive at least 80 inches of rain per year, with no pronounced 
dry season. The seasonal fOrests, which are sometimes re­
ferred to as monsoon, semideciduous, or dipterocarp forests, 
receive between 50 and 80 inches of rain per year and have 
definite wet and dry seasons. In addition, they contain many 
deciduous trees (seasonal leaf-droppers). As annual rainfall 
drops below 50 inches and the dry season lengthens to six 
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months, the seasonal Iilrests give way to relatively open, dry deciduous rorests. 
Although all of South Vietnan{s ibrest rormations have re­ceived deroliants, it is the evergreen and seasonaJ rorests that have been most extensively and repeatedly hit. These are the triple-canopy jungles of news reports, so called because they have three leafY stories. They are the rorests of the Iron Triangle near Saigon and the A Shau Valley, as well as of the Ho Chi Minh Trail in Laos, the Sihanouk Trail in Cambodia, and other NLF strongholds. Deroliation research at Fort Detrick and at its test plots in Puerto Rico has concentrated on stripping these types of rorests. And it is in the evergreen and seasonal rorests that the consequences of herbicide use are likely to be most catastrophic. 

Evergreen rorests are often called tropical rain rorests. '''Trueu tropical rain forest, which receives over 100 inches of evenly-distributed rain per year, occurs in Indochina only in the Cardamom Mountains of western Cambodia. However, evergreen moist rorest, with its slightly lower rainfull and longer dry season, is widely distributed in South Vietnam. Climax evergreen rorests are millions of years old and their compositions have remained unchanged ror thousands of years. High, even temperatures and year-round rainfull make greenhouses of these rorests. Evergreen rorests contain most of the genetic diversity of the Earth's plant kingdom. Evergreen-rorest plant physiognomy is shaped by upward striving ror a place in the sun. The uppermost stoty of the tripJ.xanopy rorest is 100 to 180 reet high and is composed of the umbrella-like crowns of slender, straight trees. Below this level are two, well-defined stories with crowns and leaves shaped to absorb what light filters through the upper canopy. Within these two stories there is a profusion of lianes, which are vines thst climb toward the light, and epiphytes, which are plants that live in crannies high in the trees and Iianes. The dense fringe of the evergreen forest supports the popular concept of an impenetrable tropical jungle, but inside the ror­est the floor is quite bare and open, with few bushes and herbs living in the perpetual dusky gloom. 
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~ A. evergreen rorest give way to seasonal fOrest, the ~umher of deciduous trees increases. There is also less vanety of sPecies and fewer Iianes and epiphytes. Compared with the evergreen rorest, the seasonal rorest has lower stories that receive more light. Consequently, growth on the IOrest floor is greater. Also, the seasonal ro~t. is more do~t during the dry season. Soil humus, which IS almost entirely absent in the-evergreen rorest, becomes thicker as the period of dry­season dormancy increases. So the triple-stOry stnJCtUre be­comes ilI-defined. 
The herbicide-e!rect data presented below is mostly about seasonal rorests, largely because biologists have not as y~ given much attention to the extent of evergreen fOrests m South Vietnam. However, herbicides probably cause greater damage in evergreen than in seasonal forests. The micro­climate of evergreen forest understories, which is maintained by constant leaf cover, is radically altered by deroliation. The possibility that certain plant species will become extinct is greater. The soil is poor, so forest regeneration is slower and may be thwarted by succession to a savanna ecosystem. The effects of berbicides on tropical fOrests have been studied in test plots in Texas, Puerto Rico, and Tbailand, and field investigations bave been made in Tay Ninh and Binh Long provinces, northwest of Saigon. (See Table 4 ror data on dessication and defoliation of rain forest vegetation caused by certain herbicides.) 

One application of agents Orange or White (Purple was discontinued, because it is expensive) at the standard rate of three gallons per acre kills some ofthe top-story trees of a seasonal rorest. Most of the herbicide is caught by the top story. A study in a two-storied Texas rorest showed that 72 percent of herbicide-spray droplets were intercepted by the top story, 22 percent by the second story, and only 6 percent reached the ground. Damage to the understory is relatively slight, thererore, and such a rorest can regenerate itself in several years. 
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-- - Particularly significant observations were made in a sea-I.:~I g - sonal furest area ofTay Ninh province. The AAAS Herbicide ~~I ::co2:t~;;~ .. 
..usessment Commission's report noted, "After conducting "" - brief ground inspections at three treated sites in early 1968, 

.. ." .. 
.~ Dr. Barry Flamm, Chief of the Forestry Branch (of USAID ." 

~~I .!/ :~t:tg~S~~ :E Vietnam), tentatively concluded that while a single spraying 'ii. <o~ ., causes 10 to 20 pen:ent killing of merchantable treeS, twO '" ." -< - ].::. treatments in successive years kill 50 to 100 percent in the .. c 
" " ~~I .. c _ type offurest studied .... Flamm suggested further studies 
.., Ii 1C)Q)-CbOO)OtOtl'- ..,0 :g .. 1Ot'-Cl)(MClDCOlQ'o:fol'-

" C and recommended that furest reserves receiving two or more "tg ~ 
.,~ 

-0 

.~ :'& treatments be planned fur refurestation." :c .::: .. .. - A second application of herbicide during the regeneration el! " O~I 0~~~~~~:~ ".s ¢: 

~~ "'" period has a devastating impact on a seasonal furest. Orians ot, < "(;) .......................................................................... ...., 
0/:" 10(00)'+OIZ)~C'.lCH ~c and Pfeil!er wrote that "on sites that received two sprayings ..,> " COCIDO)r-- .... +o:)(C 
c_ S II II! roughly 1 year apart, a heavy kill ofal! woody plants, includ-.- .. ~ -" .=~ ... .. ing seedlings, is reported." :> 0 

~~l 
COOlr--..-_OIofo CJ) 00. 

:Jrz. OIo:lO)_OIOI ... ~ .... " " In 1967, Orians visited Puerto Rican test plots that had 
................................................................................... ",," 

-~--! 
=.!: .. ~ 0)0)0),+_ ... 1IQl.:;)CO " .. been defuIiated in 1968. In plots that had received 27 pounds c·- 1IQt'-t--~IIQ'OOIOIo:) E!! 

" 
0" 

" :> of herbicide per acre (Agent Orange is normally applied at 
.:::= f'" J-~S 

~~I 
0 8.~ 2+ pounds per acre), most of the trees were killed or severely -i-.e .. o)CO-OOC'.lCJ)oo .,- dsmaged. Vines had invaded the plots, climbing the dead treeS ",., ~~~-;;;.~"(;)~-;;-~ .c ... ,-Qf -~ -.5 t and spreading out over the furmer canopy. "The vine-choked -.. - .. '" 0 'BrE 1: . c.. plots will not return to their furmer state as rapidly as they " C " "0;; 

" e·2 == tnight otherwise," Orians and Pfeiffer wrote, "because the 
C·-

.:: t .. c...; 2 u 

'" dead trunks will probably collapse under the weight of the :;;< < OI~~o)QOOIr.:1C)O ~;§ ;:;: 
!;j " E --... 

... (M. ... ... "'l "f~~ vines in a few years, creating a low, vine-rovered mat through .0 .;; E " o-l ..... .c which regeneration could be very difficult." " " Ii so-Q'S .c \U.S 
I 

Llewelyn Williams has concisely summarized the eflEets ... > " 
!! "/ 

~ bD _ 

that killing the primary furest have on evergreen and sea-
o , 

~~ ... 

" " ,.. t; 
';;jE~ I tf..:l l~ 

1()OO~OO"lC!OO ~1V8;; I sona1 furest plant communities: 
E "':~rO"':0-5~":o:r.irC - -5 $., .. ; f .... &>. I In the tropical Rain forest climate, soil, vegetation, and ~ .... ov-S , 
" r r r 

e ¢:' J:.:: I fauna are factors that contribute to the maintenance of equi-'" ·_v_..c c..- IrJ ~ librium in a very complex plant community. But when one ~ ~~ cf-. , 
of these components, such as the primary forest, is dis-, " v-v. :a ~~ oS~:t: turbed by telling and/or burning, the other components, • -" " " Vol ¥.~ ~ IV 0.."'0 in turn, undergo a radical change. Removal of the canopy 

.... .., 
£~@ "'O5~~ ", S Vol c.o-~ increases the illumination at ground level from a small frae-:c " f..S_ ~(C'tcv non to daylight. The range in temperature increases while 

.. 
"" 
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the minimum atmospheric humidity is lowered. Exposure 
to S .. ,m arui air alter the properties of the soil \Vbere there 
are steep slopes, erosion will commence to remove the sur­
face- soil layers, and increase in soil temperature leads to a 
rapid disappearance of humus. The subsequent vegetation 
that develops becomes adjusted to the microclimate, the al­
tered soil conditions, and to the changed conditions of the 
habitat. 

The first phase of successional growth following the dis­
turbance of dense, humid forest, whether in tropical Amer­
ica or Southeast Asia, is usually dominated by weeds and 
grasses. These are generally short-lived, often less than 
one year. The next phase may be dominated by shrubs, fol­
lowed by small, soft-wooded trees. Or the succession may 
lead almost directly from the herbaceous stage to tree dom­
inance. This secondary forest is usually composed in great 
part of trees, which are soft-wooded, of fast growth, and 
are wind- or animal-dispersed. 

Tropical furest regeneration is slow. P. W. Richards bas 
written, "Little is known of the time scale of secondary suc­
cessions in the tropics. Chevalier ( 1948) states that the furest 
on the site of the ancient town of Angkor Wat in Cambodia, 
destroyed probably some five or six centuries ago, now re­
sembles the virgin tropical furest of the district, but still shows 
certain di fferences." 

Forest regeneration will be eXceedingly slow in South Viet­
nam for a number of reasons. One reason has been emphasized 
by Tschirley: "The greatest danger resulting from repeated 
defoliation treannents in Viet Nam is that such areas will be 
invaded by bamboo." Bamboo is a grass. Like other grasses 
it is tolerant to agents Orange and White. It grows in smaIl 
clumps on the floor of the furest. When the leaves of upper 
stories are removed, bamboo and other floor species rapidly 
grow in the new flood oflight. Soon a thick green mat spreads 
over the ground, reducing horizontal visibility to almost zero 
and giving insurgents fur more cover than they enjoyed be­
fore defuliation! 

Bamboo, which primarily reproduces vegetatively from 
underground stems, is almost impossible to eradicate from 
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soil it has Ll1vaded. Ba.~boo brakes cover many abandoned 
swidden plots in South Vietnam and are also taking over heav­
Ily delOliated areas. Tschirley, who made ground observations 
near Special Forces camps, has written that "seedlings were 
rare in dense bamboo, but frequent to numerous where there 
_was nO bamboo. Probably of more importance is the fact 
that saplings were rare in dense bamboo." 

_ Forest regeneration will be particularly slow in areas 
treated by Agent White. White is a mixture of 2,4-D and 
picJoram. In their article about picloram, George R. Harvey 
and Jay D. Mann noted that picloram is the most active herbi-

_ cide yet discovered. Picloram is generally more than 100 
times as biologically active as 2,4-D. When used even in very 
small doses it will kill a wide range of broad-leaved crops. 
In 1968, Agent \V"hite accounted fur about 85 percent of 
herbicide use in South Vietnam. 

Harvey and Mann quoted Dr. C. E. Minarik of Fort 
Detrick as saying that White was used in South Vietnam be­
cause it "controls conifers. U However, the rather small c0-
niferous furest on the Darlac plateau has apparently escaped 
defoliation. More relevant is Harvey and Mann's quotation 
of a Defense Department study done by T schirley: "A few 
species tolerate high rates of picloram but many species tol­
erate high rates of other herbicides. Thus the use ofpicloram 
is particularly appropriate fur the defoliation of furest types _ 
characterized by high species diversity. Such forest types are 
frequently fuund in tropical environments." 

In addition to being able to kill a wide range of plant 
species, picloram is one of the most persistent herbicides. 
While 2,4-D and 2,4,5-T are broken down by soil micro­
organisms after a few weeks, pic10ram remains active in the 
soil fur several months befure any disappearance can be de­
tected. Puerto Rican test plots treated with picloram re­
mained essentially bare ofleaves fur twa years, at which time 
inspections were discontinued. 

Anomer factor that will retard furest regeneration in South 
Vietnam was mentioned by Dr. Arthur H. Westing at the 
AAAS convention in December 1970. Most of the trees in 
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seasOnal and evergreen rorests in the tropics are dicotyledon­
ous. Dicotyledonous trees have an opportunity to reseed only 
once in several decades, at the time of general floweting and 
stem death. This period of delayed rorest regeneration is 
sometimes called a secondary climax. Its length is not pre­
cisely known. Westing suggested further inquiry into the 
matter. 

As mentioned earlier, the Defense Department has not yet 
released its reoords of which areas of South Vietnam have 
been sprayed with which herbicides. On the basis of other evi­
dence, however, Westing has tentatively concluded that :35 
percent of South Vietnam's 14 million acres of dense (ever­
green and seasonal) rorests had been sprayed by December 
1970. Westing also estimated that £5 percent had been 
sprayed once and 10 percent more than once. Based on these 
educated guesses, Westing estimated the cash value of the 
destroyed timber to be $470 million; that would be enough 
timber to meet South Vietnam's needs for :3 I years. 

The rorestS of South Vietnam have not been merely dam­
aged ror decades or centuries to Come. Nor have they simply 
been deprived ofrare tree species. It is probable that many 
areas will experience an ecosystem succession under which 
rorest will be replaced by savanna. 

Swidden fimners have already created savannas in various 
parts ofIndochina by slashing and burning the forest and then 
exhausting the soil thro4gh frequent planting. If such im­
poverished land is regularly burned it becomes grassland 
dotted with a few stunted, fire-resistant bushes. This is called 
a fire-climax savanna, because iffires are prevented the forest 
will slowly regenerate itself. Natural and man-made fires 
frequently sweep these savannas, stOpping at the edge of the 
humid evergreen and seasonal forests. If the savanna is over­
grazed, as has been the case in large areas of northern Africa, 
the soil is completely exhausted and becomes desert. The 
process is aptly tertned Saharization. 

Dr. Pfeiffer told me that suq,ession to savanna prollahly 
would not occur in South Vietnam, owing to the rapid re­
growth of bamboo and brush. He suggested that if savannas 
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were created, it would be likely to happen in areas repeatedly 
defoliated by Agent White. However, the bombs, artillery 
fire and napalm flung about in defoliated rorestS cause them 
to burn over and over. Furthertnore, repeated deroliation that 
kills broad swaths of rorests also prevents trees from reseed­
ing because all seed sources are dead. It. is likely, therefore, 
that American military tactics in South Vietnam are probably 
creating many green deserts. . . 

Tropical rorests should be treated as mternatlonal treasures 
rather than as objects of devastating, futile. wrath. As. P. w.. 
Richards has written, they are ··a reservOIr of genetical di­
versityand potential variability." Tropical ev~ rorests, 
like so many other fuatures of the world enVIronment, may 
become extinct berore humanity fully understands their value. 

Crop Destruction 
It is difficult to select the most morally repuguant tactic of 
the Second Indochina War, but the use of American aitcraft 
to destroy rood crops is a sttoog contender ror that roul dis­
tinction. In 1962, when the South Vietnamese Government 
announced plans to spray manioc and sweet-potato fields, the 
American military officially disassociated itself from that p,,:" 
gram. By 1968, though, the US Air Force announced .that It 
had covered about half a million acres of fOod crops WIth the 
dessicant Agent Blue. At that time, crop destruction made. up 
about 15 percent of the total herbicidal effort. The spraymg 
of Agent Blue on rood crops continues at this writing. 

In December 1970, the AAAS Herbicide Assessment Com­
mission observed, "Somewhat more than 2,000 square kilo­
meters of cropland is reported to have been sprayed. Iflittle 
of this area includes respraying, it would represent about five 
percent of the 58,000 square kilometers of crop land in :>cuth 
Vietnam of which a little over two percent was sprayed m the 
peak year of 1967." . 

Field spraying is part of what is commonI3 ~ed the rood­
denial program, the object of w~ich is to starve insurgents 
into submission. A related tactIC employed by Amencan 
forces is the destruction of rice stores found in rural areas. 
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To the extent that fuod denial is elrective, it SI2rVeS the 
weaker noncombatants. As Dr. Jean Mayer, who has ob­
served numerous fiunines, wrote: 

Whatever method is used, the examination of past wars 
and fu.mines make. it clear that the food shonage will strike 
first and hardest at children, the elderly, and pregnant and 
lactating women; last and least at adult males, and least of 
all at soldiers. . . . The history of modern war has been 
one of increasing involvement of civilians. Starvation as a 
weapon is an aspect of such involvement, one which has t.~e 
peculiar propeny of inflicting suffering on civilians while 
doing little damage to the military. 

Crop destruction also contributes to the furced-draft ur­
banization social policy. According to Presidential science 
adviser Donald F. Hornig, rice destruction is designed to fOrce 
funners into tbe US-GVN spbere of influence. This policy is 
particularly brutal because all admitted crop spraying is done 
in rural areas oftbe central highlands, where almost all crops 
are grown by Montagnard Villagers. 

Malnutrition and related diseases, widespread tmder the 
best conditions in Indochina, are particuiarly common among 
Montagnard tribespeople. Isolated from tbe national econ­
omy, growing low-yield swidden crops, and lacking medical 
care, the Montagnards exist witb deatb close at tbeir sides. 
l\1LF taxation efforts, combined with American air strikes and 
crop destruction, often' furee Montagnards into lowland ref­
ugee camps. There they are landless, wracked by disease in a 
strange climate, and under tbe power of hostile Vietnamese. 
(See the full discussion oftbis topic in Cbapter 5.) Americans 
pushing so-called model refugee villages fur Montagnards 
have often awakened to find that tbeir guests have left en 
masse to face deatb on tbeir home ground. To many highland 
tribes tbe Second Indochina War is genOCidal. The US crop­
destruction program is a vicious means of bringing whole 
human cultures close to extinction. 

In. MeseIson of the AAAS team estiinated iliat 600,000 
people, most of tbem Montaguards, had been cut off from 
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their nonna! fOod supplies by crop spraying. Meselson told 
the AAAS convention in December 1970 that he had flown 
(1Vf!r a cultivated valley in the central highlands where the 
land had recently been sprayed witb herbicides. Analysis of 

- . aerial photographs of the valley revealed 94() houses along 
the spray zone. In discussion at tbe convention, General 
William Stone, who recently directed the US Army's Chemi­
cal 2nd Nuclear Operations, said tbe houses bad long been 
abandoned. Meselson said he had seen what he tbought were 
signs of current occupation. 

Iftbe houses Meselson saw were abandoned, it was proba­
bly because crop destruction had furced tbeir Montagnard 
occupants to move. The US Army clearly knew, in 1901, that 
crop-killing herbicides were destroying civilian fOod supplies 
and baving almost no effect on lo;'LF fOod supplies. At least 
tbose in tbe US Army who had access to social science studies 
of tbe e/rects of crop spraying on tbe NLF knew that all find­
ings indicated that only civilians were being harmed by field 
spraying. By tbe full of 1970 tbere were five such studies in 
US Army bands. That the military continues to spray crops 
at this writing indicates tbe extent to which environmental 
devastation has escaped rational political control. 

Two of tbe studies were done by tbe Rand Corporation fur 
the Advanced Research Projects Agency ( ARPA), which is 
tbe Defense Department's research arm. The first study was 
based on interviews witb prisoners and defectors. It fuund 
that some NLF -NV A troops bad ample rations, some had 
barely enough, and that only about five percent of tbem de­
pended on local crops for fOod. It also fuund tbat tbere was 
no relationship between crop spraying and ration size in any 
area. The second study showed tbat almost all prisoners who 
said tbey bad surrendered because of hunger claimed their 
hunger did not result from crop spraying. It also showed that 
wind-drift from herbicide spraying was seriously atrecting 
civilian funners. Botb of tbese studies were completed in 
October, 1970 and were dassified as confidentiaL 
- -The--tb;~ study, done in December 1967 by the scientific 
adviser to tbe US military Pacific command (CINCPAC), 
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included quotations from prisoners and several pages of state­
ments by American officers who praised the herbicide pro­
gram. The study's facts showed that herbicide had damaged 
the crops of one South Vietnamese out of every 400, but 
through an "error in arithmetic" it concluded that "fewer 
than one South Vietnamese in 40,000" had his crops de­
stroyed. 

The wurth study, done by the US military command and 
US Embassy in South Vietnam, drew upon the SO-Called 
arithmetic error of the third study. It also shOWed that as 
much as 99 percent of all food had been destroyed in some 
provinces. Both the third and wurth studies concluded that 
herbicide operations should be continued. 

The fifth study, undertaken by the US military command in 
South Vietnam, indicated that only ahout one percent of en­
emy troops got rood from their own funning eBOrts, while 
many more lived off civilian crops. 

Though purposeful crop destruction is supposedly confined 
to the central highlands, widespread field spraying has 0c­
curred throughout the central coastal valleys and the Mekong 
delta. This is "accidental" crop destruction by the defuliants 
Orange and White, which are toxic to a large number of 
broad-leaved crops and fruit trees. These auxin, or hormone, 
herbicides also kill rice and other cereal crops when the plants 
are just emerging from the ground or when they are begin­
ning to flower. As Harvey and Mann noted, Agent White is 
particularly dangerous'to rice, because u a persistent auxin 
herbicide like picloram can be expected to injure rice when it 
germinates, or if used after germination, to severely hinder 
seed development." 

Orians and Pfei ffer reported that the defuliation program 
was reviewed in 1967, owing to the overwhelming number 
of crop-damage claims. The US then began using Agent 
"''hite fur most ofits Mekong delta deroliation, because White 
does not drift with the wind as readily as does Orange. 
"Nevertheless;- wrote Orians and Pfeiffer, "we encountered 
many r<!J">rt~()f Y~ry_l"t!j:_enLdamagein-that-.a'" ---

The reasons ror that damage are not difficult to ascertain. 
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-Although White is less likely to waft ror miles during spray­
ing, it does contain picloram. According to Harvey and Mann, 
-rhe persistence and stability of picloram are such that after -
application to an area 'where accurate spraying is essential,· 
it can be washed or the vapors blown to untreated land. Viet­
II3Ill is not lacking in either heavy rain or wind." 

The major targets ofdefuliation in the Mekong delta. be­
ginning with the first deroliation tests in 1961. have been the 
banks and sides of rivers, canals, and roads. The Mekong 
delta looks like a broad green quilt of rice fields, segmemed 
by the sIighdy raised land alongside waterways and roads. 
People build their homes strung out along these transporta­
tion routes and use roadsides and channel banks to grow fruit 
trees and broad-leaved garden crops. In other words. defolia­
tion targets in tire Mekong delta inclUlk human kahitations, fruit 
tras, and garden crops. 

Plants near the American bases splayed about Saigon, which 
themselves look like movie sets on Asteroid 69, have sulfered 
particularly intensive poisoning. In that area it is difficult to 
distingoish among the effects of spraying around the bases. 
jettisoned dewliant loads, jet-exhaust fumes, and the excre­
tions of scooters burning heavily oiled fuel. Orians and Pfeifrer 
observed damage to many fruit trees in Ho Nai, a Catholic 
village near Bien Hoa airbase. They noted that defuliants had 
been dumped by an aircraft in trouble in the area at about the 
same time that spray came down on the village. Residents of 
Ho Nai claimed they had been hathed with defuliants seven 
times in the past year. Orians and Pfeiffer added, "The ex­
perimental station of the College of Agrieulture of the Uni­
versity of Saigon at Tu Due has been affected by wind-blown 
defoliants several times. usually with almost complete kill of 
vegetables. n 

In Saigon itself, most trees lining the streets have died, 
presumably killed by motor-vehicle exhaust fumes. The Na­
tional Park, rounded in 1864, has nursed over 2,000 species of 
foreign and domestic plants. ~gtIY"n ThuQC 9fDispatch j'ie3J1s_ 
InternatiOna[ quoteilplantexpert Truong Dau as saying, 
"The 100-year-old tree in the Park. the Thorpay Dapap. 
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died some months ago. Over two-thirds of the old trees, over 
80 years old, in the Park are dead. There are almost no old 
trees left. If we wish to have trees like those, we must wait 
another centU1'J." The death of plants in this botanical garden 
is a particularly bitter blow, lOr such gardens are the means 
of establishing and studying valuable plant species _ through-
OUt the tropical world. 

A plant that originated in Brazil and was spread from Euro­
pean botanical gardens to become a major export crop of 
South Vietnam, Cambodia, and other tropical nations, is the 
rubber tree. In 1968, the US Army Chemical Operations Divi­
sion was maintaining that rubber trees cannot be killed by 
delOliants. Yet, after field examination and review of studies, 
Pfeifler has concluded that rubber, jackfruit, and other latex­
pruducing trees are especially swaptible to auxin herbicides. 
Orians and Pfeiffer wrote: 

Accidental defoliations in Vietnam indicate that trees less 
than 7 years old can be killed by the dosages used in mili­
tary operations, but that older treeS nonnally recover. 
Nevertheless, all trees on 100 hectares on Plantation Ben 
Cui were killed by herbicides in 1965, despite the fact that 
the trees were 55 years old. From such occurrences, the 
Rubber Research Institute concluded that repeated defolia­
tions threaten the very existence of rubber culture in 
Vietnam. 

During 1967-68, the staffofthe Rubber Research Institute 
of Viet Nam visited over 200 rubber plantations in the great ' 
arc of red soils between the Mekong delta and the central /1 
highlands. They lOund that all plantatiOns reported damage " 
by defOliants and that more than 4(),000 hectares (98,800 
acres) of rubber were defOliated at least IO percent. Owing ,-
to delOliation and other depredations of war, South Vietnam's 
rubber yield dropped from 77,660 dry tons in 1960 to 42,510 
dry tons in 1967. Because defOliated rubber trees are further ! 
weakened or killed if tapped fOrJaJ_ex~onJ}'Jargiq)lantenwho- _-} 

-can afiOrd to take damaged trees out of production are still in I 
the rubber business in South Vietnam. 
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Damage to South Vietnam'. rubber trees has been traced 
to wind-drift of IOrest delOliants. In 1969, during April and 

- -early May, great swaths of rubber trees were delOliated by 
direct overflight in Cambodia, which was then a precariously 

-neutral country. This delOliation was confirmed by a US 
State Department team and later by an international investi­
gating group. The international group lOund that 70,000 
hectares (I 7S,000 acres) of rubber trees had been damaged 
aud that about 10,000 hectares (24,700 acres) of this area 
had been severely damaged. The damaged rubber trees in 
production amounted to over one-third of all Cambodia's 
producing rubber trees at that time. As a result of this defo­
liation, the economic loss to Cambodia between May and 
November 1969 was estimated to be '" million. The group 
reported that the pattern of damage to the rubber trees 
"fOrced us to the conclusion that at least two-thirds of the ac­
tual damage in Cambodia was the result of direct overflight." 
Devastation of a wide variety of fruit trees and garden crops 
was also observed in the area. 

Dr. Pfeiffer, a member of the international investigating 
group, has made many effurts to discover which US agency 
defOliated these Cambodian rubber plantations. "The US is 
still negotiating to pay '12 million in damages to Cambodia," 
he told me, "but nobody seems to know who did it. Ranch 
Hand says it wasn't their planes." Pfeiffer considers it strange 
that the US can wreak such destruction without officially 
knowing which ofits governmental arms struck the blow, and 
he encourages people to join him in making inquiries. By now, 
of course, Cambodia's rubber production has almost ceased 
and its rubber-processing factories have been bombed into 
rubble. 

Depth interviews of sixty fimners and village officials 
throughout South Vietnam were done lOr the AAAS Herbi­
cide Assessment Commission by Samuel Popkin, of Harvard 
University'S Center fOr International Affitirs. Dr. Popkin re­

-parted at-the Deeembel 1910 convention that "OOlllelS feet-­
that herbicides have made a serious impact on their crops." 
Most damage seemed to result from spray drift. The fimners, 
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Popkin round, could distinguish herbicide damage from other 
harm to their crops, but were vague about the elrects of herb i­
cides on limn aoimals. He noted that the number of crop­
damage compensation claims, which are paid olfby the South 

. Vietnamese Government with US funds, "is a very inadequate 
guide to the extent of actual damage caused by herbicides." 
After describing the red tape of the compensation process (the 
rorms are filled out incorrectly, the bribes must be paid, etc. ), 
Popkin added, "Since there is widespread propaganda by the 
U.s. and South Vietnamese stating that herbicides affect only 
those in communist areas, many peasants are afraid that an 
application ror compensation will be interpreted politically as 
an anti-government gesture. ~~ 

During 1967 and 1968, I had a chance to participate in this 
compensation process. In the province where I worked, a 
Vietnamese committee was given a fixed sum to distribute 
as compensation ror herbicide damage. This sum was allocated 
among the various districts on a rotating basis, with two or 
three districts receiving the full payment ror one year. Claims 
had no relation to crop damage, crop planting, or even land 
ownership, although some attempt was made to keep al­
legedly damaged areas from overlapping on the map. The 
administrating committee made no effort to investigate claims 
on the ground. Indeed, its members felt unsafu from the mo­
ment they deplaned in our insecure little valley. 

Of the three Montagnard resettlement villages I was work­
ing with, two received paltry damage-compensation checks 
and the third received nothing, even though the claims of the 
third were equally valid-that is, totally fubricated. I flew 
with those checks to two distant cities above very insecure 
roads, first to have them endorsed and then to have them 
cashed. One village tried to have their checks cashed on their 
own, but were refused payment until I applied my American 
persona to bank officials. I couldn't help recalling that unless 
the Vietnamese province chief had requested a deroliation 
mission, that good loose mo~~y !1~ye! _wc;mld haYJ~JI(twedinto __ tfleprovmee:-· .... . 
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THE GREEN DEVOLUTIOR 

. Land Deform in the Mehmg Delta 

- Control of the Mekong delta is one of the chiefpmes at stake 
. in the Second Indochina War. Counterinsurgents often speak 
of preventing the communist bloc from controlling "Asia's 
rice bowl" Though rice production in the Mekong delta is 
not large enough to be rationally considered vital to reeding 
China, much less America, it could balance the industrial pro­
duction of North Vietnam to make a reunited Vietnam ec0-

nomically>iabl .. 
The delta is a massive rice-culture plate, where plant ecol­

ogy has been distorted by humanity to produce more human 
nutrition. The carrying capacity of the delta, its ability to 
produce plants valuable to mankind, is a matter of great im­
portance to the Vietnamese people. Because the delta environ­
ment is maintained by constant human intervention, study of 
its ecology involves a look at human society in relation to 
delta cropland. 

Cliffurd Geertz has noted, ''The micro-ecology of the 
flooded paddy field has yet to be written." Much is known 
about efficiently producing rice ror maximum benefit to hu­
manity. This is because people see a rice field as a generator 
of value rather than as an ecosystem. 

The flooded rice field as an economically valuable ec0-

system has certain unique characteristics. It is a very stable 
producer of crops, able to bring forth one or two crops per 
year ror centuries without being exhausted. Its productivity 
is not decreased by overcultivation caused by population pres­
sure or other fuetors. A rice paddy is almost infinitely recep­
tive to improved cultivation techniques. More careful nursing 
brings forth ever-higher yields. 

Maintenance of a rice field depends on two factors. The 
first is availability of water in precise quantity and of certain 
content. As Geertz has explained: 

Here, the characteristic thinness of tropical soils_ is circum.:- __ 
--vernea-tnrougn- the bnngmg ofIiUtrlents onto the terrace 

by the irrigation water to replace those drawn from the 
soil; through !be fixation of nitrogen by the blue-green 
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algae which proliferate in the warm water; through the 
chemical and bacterial decoinposition of organic material. 
including the remains of harvested crops in that water; 
through the aeration of the soil by the gentle movement of 
the water in the terrace; and, no doubt, through other ec0-
logical functions performed by irrigation which are as yet 
unknown. 

It is probable (as discussed in Chapter +) that water content 
and rate of water supply in South Vietnam are being altered 
by watershed forest defuliation and craterization. 

The second, closely-related factor necessary fur the main­
tenance ofa rice field is intensive cultivation by people. Left 
alone, a rice field quickly reverts to a natural ecosystem. Res­
toration of abandoned rice fields demands considerable in­
vestment. In some cases (also discussed in Chapter +), it may 
be impossible. 

Application of the Devastation Model of c0unterinsur­
gency, aimed at driving fumers from the land, has, according 
to the Joint Development Group, taken about SOO,OOO hec­
tareS (about 750,000 acres) of cropland out of cultivation in 
South Vietnam. As was obvious in the central coastal valley 
where I worked, the dangers and resource-diversions of war 
also prevent the opening of new land and the maintenance of 
irrigation systems. 

Rice land is economic value. In this war of many faces, 
power to distribute the production of rice fields has been a 
major issue, and probably the most important issue, of the 
war in the MeI<ong delta. We now have an excellent study of 
the economic structure of the Mekong delta as it relates to the 
war: 'IM Economics of Insurgency by Robert L. Sansom. The 
findings of Sansom's study will provide the backdrop fur a 
discussion of the land-reform program passed by the Thieu 
government in March 1970. 

Between IB6B and 1930 the cultivated area in the Mekong 
delta grew from 215,000 to 2,2I+,OOOhectares. The delta was 
converted into rice land by the French, who had drainage ca­
nals dug through its swamps and furests, and by Vietnamese 

_k¥elopeI"&, who aequhed tide to land along the canals. The 
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c'o<il<MdOfeI"S hired laborers to dig ditches to connect to -the canals thereby draining the land of brackish, stagnant water. 
Brush' and trees were cut and then burned to enrich the soil. 

-Dikes were raised to block thedry-season ocean tides. Finally, 
the developers recruited tenant fumers, charging them up to 
70 percent of their crops in rent. 

By 1930 there was no more new land to develop .. The area 
UDder cultivation in the Mekong delta actually declined after 
that date, dropping drastically after 1946 and ~gain after 1~5 

- as the two Indochina wars swept the countrysIde. Meanwhile, 
the population of the delta increased from abo .. "t 4,500,000 in 
1931 to 9,000,000 by the early 1960S. The per-acre crop yield 
remained low. In 1961, according to Sansom's calculations, 
I 000 000, or about 77 percent, of the delta's fumers were ~;. and about 2,000,000 of the delta's residents were 
landless laborers. 

Sansom outlined three phases in the recent development of 
landholding relationships in the Mekong delta. The first phase 
began in 19+6 as the Viet Minh ~umed .control .of much of 
the delta and concluded in 1954 WIth the installatIon of Pre­
mier, later President, Ngo Dinh Diem. During this phase the 
Viet Minh used terror and public trial to drive landlords to the 
eities, redistribute much land to tenants and landless laborers, 
and reduce rent on land still controlled by landlords. Between 
195+ and 1959, the Diem government halted or reversed this 
expTOfriation. Landlords fullowed the GVN back int~ the 
countryside or, as happened frequently, sunply had GVN vil­
lage official>, with the aid of the military, collect their rents 
for a gO percent commission. 

In 1960 the NLF commenced a campaign of rent suppres­
sion and land redistribution. By 1966 the NLF was enfurcing 
rents at 5--10 percent ofthe crop over 70 percent of the delta's 
land. In GVN-held areas, rents stayed above 25 percent, as 
they had since 1954, despite a GVN law designed to hold 
rents at 25 percent or lower. In addition, the NLF had redis­
tributed much land in areas under their control. Sansom has 

---<>hservea, "From aH-the benefits it bloughttlHne peasantry,­
it can probably be said that the impetus behind the Viet Cong 
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land refOrm was not in the general case terror but the sanc­tion of implied 'roroe supported by the general will," It was clear by the late sixties that the landlord-tenant sys­tem, which had evolved from a means of opening new land to a system of depriving a growing population of the fruits of their labor, could not be reestablished in the delta by any power. Decree 57, a Iand-rerorm law passed by the Diem gov­ernment in 1956, had atrected only ten percent of the delta's tenants and was evaded by such tactics as distribution ofland to the landlord's relatives. In contrast, the NLF, with the support of the delta's tenants and laburers, gained the initia­tive in land policy in most of the delta despite the military as­saults of the Second Indochina War. Landlords had lost con­trol over most of their titular holdings and could look rorward to further property losses as the US withdrew. It is against this background that, on March 26, 1970, the Trueu govern­ment passed its "Land to the Tiller" land-rerorm law. The Thieu land-rerorm law, widely praised in the Ameri­can press, will stand as another example of the perils of under­estimating the cynical opportunism of the Saigon regime. The US bas already agreed to put up $10 million for the program and it is hard to see how the financially roundering GVN can meet its grandiose $1.2 billion land-rerorm budget without huge dollar gifts. In essenoe, the law provides that landlords will be paid ror land to which they hold title and that the land will be redistributed to farmers, three hectares per family in the delta and one hectare per family in oentral South Vietnam. As Duong Son Quan pointed out in an article in the August 1970 issue of'Tu Quyet, a Saigon magazine, "The great ma­jority of the lands to be taken away from the landlords lie in areas with no security or where security is limited, since lands in secure areas have already either been taken away by Decree 57 or the landlords have round ways of dividing them to their desoendants." In other words, the landlords will be paid for land already out of their control, land where either the NLF holds sway or the war 
benefit from the whole thing, since they are being paid 161.22 billion 

THE GllEEN DEVOLUTiON 

piasters ror paddy fields that have not yielded. anything ro~ a . long time, while the govermnent, after spending 161.22 bil­-lions, is still unable to control the peasants." At the bottom of the priority list lOr land distribution, rol­lowing such categories as retired GVN officials and GVN per­sonne! who had to abandon farming because of the war, are landless laborers. These laborers represent the Mekong delta class that has the greatest need fOr land and that is the firmest source ofNLF support. And, as Quan observed, ifland recipi­ents have the temerity to brave NLF policies and American bombs to farm their new land, they will be fOrced to borrow from the landlords in order to restore land to cultivatiolL "Thus the old situation will repeat itself exactly as befOre," wrote Quan. 'Ymancial dependency will lead to physical and psychological dependency." 
During his field observations in the Mekong delta, Sansom round that a technological as well as a landholding revolution had oocurred during the sixties. Improved strains of rice had been introduced. The invention of a small water pump had made vegetable-growing possible and had permitted ~e growing of two rice crops per year on many fields. The nee strains, Sansom noted, were spread by individual Vietnamese farmers and the water pump (which AID engineers denounced as "inefficient") was invented by a Vietnamese. Sansom con­cluded that delta Vietnamese are not inhibited by their culture from applying the best available agricultural tecbuiques. I agree, and add that the generally well-meaning efforts of American technicians to reed miracle rice, fertilizer, and other agricultural improvements through corrupt GVN bureau­cracies to the peasants are, at best, not necessary. Despite all American effurts to spread the Green Revolu­tion and despite Vietnamese technological innovations, South Vietnam continues to import American rice. The war itself, causing field destruction, interruption of and dislocation, is the 
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residentS could reeeive from Western technology. The war 
also keeps alive the last vestiges of a defunned, exploitative 
human system of distributing the produce of the delta. Mr. 
Quan summed up the problem ofland refunn in the Mekong 
delta quite simply: "As long as the war is still going on, the 
problem of tenant farming will still exist; when the war comes 
to an end, tenant tanning will end with it.» 
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'R .lYTJ<H THREE 

. ·War Upon the Animals 

The NLF frequently attacks villages by night lOr the sole pur­
pose of killing all dogs, because the barking of dogs is the 
warning system of village defenders. Once the First Cavalry 
tried to capture Some "VC water buffitloes" (buffitloes loose 
in a remote area) to donate them to Montagnard refugees. 
The First Cavalry lOrces broke olfcontact after hours ofchas­
ing and rope-waving, returning in an empty Chinook heli­
copter to declare the buffitloes victorious. The buffitloes of 
South Vietnam, quite docile when approached by Vietnamese, 
often lunge with rage at Americans. 

Unlike dogs and buffitloes, most of the muna of Indochina 
are politically neutral. Yet in this war agsinst ecosystems, 
animals are among the victims. As the international group 
that investigsted deroliation in Cambodia reported, some 
beasts have even become refugees: 

I t is interesting to note here that eastern Cambodia in gen­
eral has experienced quite a substantial increase in a vari .. 
ety of wildlife, apparently driven out of Vietnam by the 
defoliation and other ravages of war. Included are mutjacs 
and other species of deer, wild cattle (gaurs, bantengs, and 
some koupreys), elephants, a number of monkey' species, 
and wild pigs. 

Now that the war has been brought to eastern Cambodia these 
animals must feel as stripped of refuge as do the peoples of 
Indochina. 
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. In the· energy-PYramid of life, animals oonstitute trophic levels 2, S, and 4--which are the herbivore level and the two carnivores levels. {Animals are also among the decomposers of trophic level 5, which is discussed in Chapter +.) Little at­tention has been devoted to the wartime mte of animals. Scat­tered reports and ecological studies indicate, however, that Indochina's &una have been substantially damaged by the war. The destruction of green plants, depriving the muna of food and shelter, has killed certain animal species over large areas. Because of the interdependence of plants and animals -a mutual reliance that is especially important in tropical rorests-the deroliation-eaused death of muna can in turn in­hibit rorest regeneration. In addition, deroliants are directly toxic to a number of animals, many of which provide Indo­chinese people with sustenance. Poisoning and habitat­destruction pose a threat to the continued existence of rare species, only a few of which are probably known to science. Orians and Pfeiffer, both zoologists, were particularly con­cerned with the effects that the destruction ofmangroves had on wildlife. During their visit to the Rung Sat mangrove area, they saw no insect-eating or fruit-eating birds other than barn swallows, which had migrated there from the north. They saw some fish-eating birds, though fewer than they had expected. They concluded that tree destruction had atrected aquatic fOod chains less severely than it had terrestrial fOod cycles. • 
Orians and Pfeiffer also noted that many birds and animals are restricted to a mangrove habitat. "These animals," they wrote, "are therefore inhabitants of 'island .. surrounded by unsuitable habitat and as such are expected to have higher rates of extinction even tmder normal conditions than species of more continuous habitats." Because great areas of man­groves have been killed by single applications of Agent Or­ange, many animal species on the Mekong delta coast have probably become locally extinct. 

Aquatic fauna living llLthe channels winding---t1n ough the . mangroves probably have been severely damaged by tree de­struction (though no investigation of this matter has yet been 
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C made). These animals, as Dr. Westing noted at the AAAS . convention in December 1970, rely directly or indirectly on nutrients flowing from the mangrove vegetation. In a tropical evergreen or seasonal rorest, most plant and animal species are concentrated in the upper stories. In many ways the continued existeI¥:e of tropical-fOrest muna depends on the forest canopy remaining intact. Many torest species cannot adapt to secondary-rorest growth. As a group of Stan­rord University biologists wrote, "Defuliation. or killing of vast areas of IOrest is an event unprecedented m the evolu­tionary history of any tropical species. Even several months of deroliation in the rorests of V!ettWn is certain to cause the extinction of many animal populations.-
Two Vietnamese species of primates, the Douc langur and the Indochinese gibbon, were known to be endangered with extinction even betore deroliation. As these animals live in tropical rorest trees (the Douc langur eats only leaves), defo­liation may have wiped them out. 
While many species of tropical-fOrest muna depend on an undisturbed leaf canopy ror their survival, many types of ror­est plants rely on muna ror pollination and seed dispersal. A number of tropical-rorest tree species are outbreeding. That is, they can reproduce only by obtaining pollen from another tree of the same species, even though individual trees of the same species are widely separated from one another. Such trees are fertilized by "traplining" insects and birds, wl-.ich regularly fly great distances to feed on the flowers of a certain species of tree. For example, Euglossine bees of tropical ror­ests cover five- or ten-mile "traplines," feeding on plants that produce a rew flowers per day over a period of months. Many tropical-rorest plants are pollinated over long periods by a lacework of specific "traplining" nuna. Seed dispersal in tropical rorests is also heavily'reliant on nun>. For example, - Mzeonia, a genus of-p'l;ullS~-n . . Amenca, depends on birds for distributing its seeds. The eighteen Mironia species in Trinidad space their fruiting sea­sons in such a way that the birds have a constant fOod supply 
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and the plants do not compete with each other for seed-<lispers­al agents. 

;Erolo~ are. ""!y ~ginning to study complex plant­~ relanonships In c1unax tropical furests, where evolu­
n~n. has occurred in a mild, regular climate over a period of 
milhons of years. Defuliation destroys the microclimate of 
forest tmderstories. Tree destruction over large areas will 
P:"bably prevent regeneration of any trees whose seeds are 
dISpersed by animals. (The dipterocarp trees that dominate 
m:,"y regenerating furests in Indochina are reseeded by the 
wind.) Herbicides, intended only to cause leaves to lhll can 
have destructive consequences fur plants and ~ tar 
from the zone of application. 

In. ~ddition to. destroying animal habitats in Indochina, 
herbICIdes are tOXIC to the animals themselves. Assessment of 
the toxicity of herbicides is a subject fraught with contradic­
tion, confusion, and reliance on inconclusive studies. Habitat 
destruction caused by herbicides will probably bave a greater 
and longer lasting etrect on Indochinese animals than will 
direct herbicidal poisoning. Nevertheless, testing has shown 
that alI herbicides used in Indochina are toxic in certain 
amounts to certain organisms. 

Numerous reports tbat herbicides have killed farm animals 
and fish circulate in South Vietnam. Vietnamese testimony 
pre~ented to the Russell war-crimes tribunal alIeged that 
aerial spray had caused rapid sickness and death in livestOck 
that ate affected plants; and that it had also killed fish. Similar 
testimony is frequently distributed by the NLF. The NLF 
also publishes number-of-persons-poisoned figures, which r:m abo~t .300,000 per y~ar from 1966 through 1969. (Herbi­
CIde tOXICitY to humans IS discussed in Chapter 5.) 

.• Orians and Pfeitrer heard ~epo,:" of birds and animals being 
kuled by. herbIcIdes, but brIef bird-netting expeditions near 
SaIgon dISClosed a profusion oflustily-singing birds in a re­
cently defuliated area. Where I worked in South Vietnam the 
/armers tended to blame all natural misfurtunes on "Ameri-

_ ~ pois~~ __ becallSe---the----NLF encoUI aged this POInt oIview­
and American compensation might be furthcoming. 
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. Not alI of these claims can be discoWlted as balderdash or 
propaganda. The MRI Report contains the only S1llIIll1aTJ of 

. _ herbicide-toxicity studies I have seen. The conclusions in the· 
report are more blandly reassuring than are the data pre­
sented. South Vietnam is not a laboratory, although the ex­
perimental testing value of the war has been noticed by 
counterinsurgents of various stripes. Herbicides are sprayed 
not only on fields and furests, but on villages and waterways 
as well. The heavy concentrations of spray and the large 
areas sprayed in South Vietnam a..re without precedent, so we 
may expect herbicides to have unprecedented toxic etrects 
on animals there. 

The MRI Report judged that the chemical 2,4-0, which 
makes up 50 peroent of Agent Orange, is dangerous to fresh­
water fOod chains. The report cited a study indicating that one 
part per million (ppm) of2,4-0 in fresh water "gives about 
4S% reduction in weight of fish fOod in one week and about 90% in one year." A table in the report shows that at the 
level of spraying used in South Vietnam, 2,4-0 wonld c0n­
centrate in amounts tar in excess of one ppm in flooded rice 
fields and small canals. 

Orians and Pfeifler presented the results of testing 2,4-0 
on baby salmon. They noted that 2,4-0 applied to a small 
stream in military volume would fill the water with over 100 
times the LO .. (dose lethal to 60 percent of the sahnon). Tne 
fish of the rice fields and canals are second only to rice as 
sources of fOod fur Vietnamese peasants and they supply most 
of tbe protein in rural Vietnamese diets. Orians and Pfeifler 
called fur investigation of reported damage to freshwater fish. 
They noted, "Conditions in the shallow water of the fields 
are ideal tor ccncentration of herbicides." Although 2,4-0 
is rapidly inactivated, it could do much damage to freshwater 
organisms in a short time. 

Certain plants become poisonous after being treated with 
2,4-0. As Orians and Pfeifler explained: . 

Sublethal dosages of 2,4-D may markedly affect the me­
tabolism of certain plant species so that toxic quantities of 
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nitrateS accumulate in the treated plants. In the animals 
. the nitrates are-changed to nitrites which are absorbed into 

the blood producing methemoglobin which results in oxy­
gen deficiency to the tissues. This condition may cause 
death or illness resulting in abortion. ... A recent state­
ment by an American agricultural specialist emphasizes 
that "Dairy cows should not be grazed on irrigated pasture 
lOr seven days after application of 2,4-D at the one-half 
pound and over rate of application." 

The MRJ Report summed up its review of 2,4,5-T, an in­
gredient of agents Orange and Purple, by saying, "In sum­
mary, 2,4,5-T resembles 2,4-D in its toxiciry to animals and 
fish but is a little more toxic." Also, 2,4,5-T is highly terato­
genic (fetus-<lelOrming), as determined by tests on rat and 
chicken embryos (a matter discussed more fully in Chapter 5). 

Picloram, when combined with 2,4-D to make Agent 
White, yielda a combination that is more toxic to mammals 
than is either chemical alone. The MRI Report stated that 
"picloram would be rated as nontoxic ... [but Agent White] 
would be rated as mildly toxic On the basis of the toxicity 
designation presented in the USDA Agriculture Handbook 
gS2 (1067)." The compound separates in water, thereby 
freeing the 2,4-D to do its work on underwater organisms. 

Cacodylic acid, the active ingredient of the crop-killing 
Agent Blue, is an organic arsenical compound. The MRI 
Report cited a study that "describes cacodylic acid as a mate­
rial which bas medicinal properties similar to those of in­
organic arsenic 'to which it is partly reduced in the body: 
Since the reduction is slow the toxicity is reduced but the 
effects last longer." The Ansul Chemical Company, after ob­
serving the effects of this arsenical compound on its workers, 
pronounced its toxiciry "relatively low." Nevertheless, the 
MRI Report writers have suggested that, "In view of the 
absenee of long-term feeding studies or of reproduction 
studies, we feel that these should be undertaken soon." 

The MRI Report noted that arsenicaLcompoUIlds-ha¥e-1eng­-oeen coiiSiaered carcinogenic (cancer-causing) and cited an 
experiment in which injected cacodylic acid caused "profound 
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- disturbance of cell division'" in mice. Cacodylic acid is also 
considered to be teratogenic. Arsenical insecticides are highly 
toxic to bees (there are a number of Vietnamese beekeepers). 

- but apparently cacodylic acid never has been tested on bees. 
. Lest we grow alarmed about spraying arsenic on lOad, pe0-
ple, and water, the MRI Report reassures us: "The presence 
of toxic residues on rice from sprayed fielda appears not to be 
a problem since no rice develops in these fielda." One scientist 
injected cacodylic acid into a tree infested with bark beetles. 
"The trees died," said the report, "but so did 84 to 99% of 
the bark beetles; the author suggests this procedure as a p0s­
sible method of controlling this beetle." We had to destroy 
the tree in order to save it! 

Dr. Westing told the AAAS convention in December 1970 
that he had sprayed chickens with herbicides and that the 
chickens had not died. Westing also nored that more acres in 
South Vietnam had been sprayed with the insecticide Mala­
thion (to kill malaria-bearing mosquitoes) than had been 
sprayed with herbicides. He remarked that chicken deaths re­
ported by Vietnamese fanners might have resulted from 
Malathion overdoses. Malathion is known to be highly toxic 
to honeybees. 

Some animals are able to adapt to the war. Urban condi­
tions are ideal ror the proliferation of rats. Orians and Pfeiffer 
wrote, "The Tan Son Nhut air base in Saigon is sprayed by 
hand with agent Blue several times each year and nonetheless 
has a serious rat problem." Although many forest beasts suf­
fer from lack of fOod, Orians and Pfeiffer reported that tigers 
are getting along quite nicely: 

In the past 24 years, they have learned to associate the 
sounds of gunfire with the presence of dead and wounded 
human beings in the vicinity. As a result. tigers. rapidly 
move toward gunfire and apparently consume large num­
bers of battle casualties. Although __ ther_e---.ar.~ acowate _ 

·statistics on the tiger populations past or present, it is 
likely that the tiger population has increased much as the 
wolf population in Poland increased during World Wu: lI, 
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drawal is not an end to the war. The Refugee Subcommittee staff cited an American government report from Quang Tri province which noted that 18,414 "war victims" were pro­duced in that province during a period of only one month, from May 21 to June 20, 1970. According to the staff: 

The report went on to predict a continued generation of war victims "at the comparatively high level of 10,000 per month." According to the report, "in Quang Tri most of the damage to houses and a substantial proportion of the deaths and injuries to civilians resulted from friendly ac­tion and stray fire from GVN and US forces." The report also indicates "that these losses were quite small in com­parison with those sustained in the three southern prov­inces" of Quang Ngai, Quang Tin and Quang Nam (in I Corps). 

Medical fucilities in South Vietnam are abysmally poor. There are very few Vietnamese MDs and ahnost aU of them are in the anny. Doctors from the United States, Taiwan, and the Philippines staff the provincial hospitals, where they must deal with rear, staggering work loads, and Vietnamese work­ers who are often lazy and thieving. When asked by Refugee Subcommittee investigators what he needed most, the senior doctor at the Quang Ngai hospital replied, '"To end the war-­for as long as the war continues we will continue to nut just to stand still in ouretfurts to provide better medical treatment ror the Vietnamese." 
War casualties are, of course, Ugeneratedu in all Indo­chinese nations. This account will not dwell on this obvious 

will be discussed, a look at US government control of toxicity inrorma­tion. A broad view of the efl€cts of the war on human disease ecology in Indochina will be presented. To show the link of disease with psychological dislocation, a brief report on some refugees of the Raglai Montagoard tribe is otrered. 

AIR, WATERS, AND PLACES: ENVIRONMENTS OF DISEASE 

Poisons from the Airs 
There is a striking sentence tucked away without comment on page 190 of the MRl Report: '"According to DiPahna (1965), a man committed suicide by consuming about 6.5 g of 2,4-D; from this and. the other infonnation, it appears that the lethal dose for a human lies in the range of 50 to 100 mg/kg." On page 152, the MRl Report noted that chemicals with an LD50 (dose lethal to 50 percent of test creatures) in amounts of 50 milligrams per kilogram (mg/kg) o[body weight are classi­fied as '"highly toxic';l A few drops to one teaspoon of such chemicals will kill a 150-pound man. If the LD .. of a chemical is 50 to 500 mg/kg, the chemical is considered "moderately toxic,"~ and it takes from one teaspoon to One ounce of it to kill a 150-pound man. By correlating spray rates presented on page 141 of the MRI Report with "milligrams per square foot" statistics on page ISS, we find that the standard deroliat­ing dose of Agent White (2,4-D and picloram) distributes about 150 milligrams per square foot, and that Agent Orange (2,4-D and 2,4,5-T) puts down about 250 milligrams per square root. Then, on page 198, the dogged reader finds that 2,4,5-T is considered slightly mere toxic to animals than 2,4-Dl 
If, as the Defense Department's MRI Report claims, 2,4-D is lethal to humans at 50 to 100 mg/kg, then even the severest critics of herbicides have underestimated the toxicity Of2,4-D. Below are some of the case histories round on pages 189-90 of the MRI Report, '"presented here to permit the reader to rorm his own opinion about the magnitude of the hazard associated with the use of 2,4-D compounds." 
Goldstein et al. (1959) in their report on periJ1ltcralneu--­ropathy arIa Skill eXI1i:fsure to an ester of 2,+-D state that three individual patients, two fanners and a female book­keeper, suffered the disorder some hours after exposure to the 2,4-D formulation while attempting to kill weeds. TIle symptoms progressed through a period of days until pain, paresthesia and paralysis were severe. Disability was pr0-tracted and recovery was incomplete even after a lapse of years. TIley concluded that there was little doubt that the 
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symptoms resulted from the percutaneous absorption of the 2,4-D. The electromyographic examinations supported the diagnosis of peripheral neuropathy. Berkley and Magee (1963) report a similar case of neuropathy in a 59 year old farmer four days after exposure to 2,4-D dimethylamine salt; the symptoms included numbness and incoordination of the hand and finger muscles and a slow recovery. These authors conclude that persons who get peripheral neuropa­thy from exposure to 2,4-D are very rare compared to the number of exposures there must be. They state that some individuals may have a predisposition to neuropathy and suggest that all users of these herbicides use protective clothing and wash immediately with soap and water in case of accidental exposure. 

:I>i"LF figures of about SOO,OOO people poisoned per year from 1966 through 1969 by chemicals, mainly herbicides, may be close to the truth. Vietnamese adults generally weigh less than 150 pounds, the herbicides concentrate in such places as wells and cisterns, and small children cannOt be kept from eat­ing sprayed plants. Also, Vietnamese sprayed by agents White or Orange cannot "use protective clothing and wash immedi­ately with soap and water." If I read the MRI Report cor­rectly, 2,4-D is fur more toxic to people than to the animals on which it has been tested. 
Biologists, much less laymen, cannot be expected to read the MRI Report as if it was a jigsaw puzzle. Controversy about the toxicity of defoliants has centered around evidence that 2,4,5-T is highly teratogenic (fetus-defonning). The story of how this evidence came to Jigh t bears repeating. Herbicides have been widely used in the United States since the early fifties. They have been sprayed over wide areas of Indochina in unprecedented concentrations since 1961. Never­theless, neither the American government, industry, nor vate scientists began comprehensive studies of the toxic afh", bicides antil aiter-the 

son's book, Silnzt Spring. 
~ In 1964, the National Cancer Institute of the Health, Edu­cation, and Welfure Department (HEW) commissioned the 

11+ 
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Bionetics Laboratory to test various widely-used pesticides and industrial compounds ror carcinogenic and teratogenic e/!ects on laboratory animals. By the summer of 1965, the Bionetics Laboratory had obtained results indicating that 2,4,5-T in small doses causes birth defects in mice. Late in 1966, Bionetics had completed a preliminary report on 2,4,5-T. Officials of the Food and Drug Administration (FDA) !mew of this report by 1968, and officials of the Agri­culture and Defense departments learned about it in 1969. No one else saw the Bionetics Report. 
The National Cancer Institute released the Bionetics car­cinogenicity findings in April 1969. Few noticed that the teratogenicity studies were withheld. In July, an employee of the FDA slipped a copy of data from the Bionetics Report to Anita Johnson of the Center ror Study of Responsive Law, a group colloquially known as Nader's Raiders. The data showed that small doses Of2,4,5-T and slightly larger doses of 2,4-D cause birth defects in rats and mice. Miss Johnson shOWed this data to Dr. Matthew S. Mesel­son of Harvard, who told Nader's Raiders of its significance. The Nader group met an official wall of silence about the re­port. Dr. Meselson was told that the final Bionetics Report was "classified and confidential." Meselson alerted Dr. Sam­uel Epstein, a member of an official HEW study commission on pesticides. After struggling ror weeks with official resist­ance, Epstein finally got the Bionetics findings fur inclusion in the commission's December 1969 report. A subsequent test on chick embryos perfunned by Dr. Jacqueline Verrett of the FDA indicated that 2,4,5-T, 2,4-D, and the mixture of their n-butyl esters that constitutes Agent Orange are all teratogenic in tiny doses. 

In April 1970, largely because of the furor sparked by these disclosures, the Defense Department stopped ",--ing_ ~EIDt_ ~ -Orange in Indochina ( except lOr miStakeS" sUCh as that dis­covered by Ronald Ridenhour, noted in Chapter 2). Agent White, with its 2,4-D, is still in use at this writing. Why was the Bionetics Report concealed by officials of the departments of Defense, Agriculture, and Health, Education. ~ 
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and Welfarel A fOnner White House statler told the Nader 
group that disclosure of the report would have fueled the anti­
war movement and fed international criticism of American 
chemical warfare. FDA officials cited pressure from chemical 
companies, especially Dow Chemical, as the main fOrce keep­
ing the truth from the public. 

It is difficult even under the best circumstances to deter­
mine the effects of herbicides on people. Results of testing on 
animals may not apply to human beings. Cases are rare in 
which a specific malady in human beings, such as a birth de­
fect, can be traoed to a specific chemical. For example, 2,4,5-T 
often causes cleft palates in mice, and cleft palates are common 
human birth defects. It is easy to see that in the environment 
of the Indochina war, diseases are running rampant. But it is 
often impossible to trace or identif'y the causes of those 
diseases. 

The Vietnamese people certainly believe that herbicides 
are harmful to people. "DefOliants are causing egg-bundle­
like fetus catastrophe at Tan Hoi Hamlet," bannered the 
June 26, 1969 issue of the Saigon newspaper '1"in . Sang. 
Women of Tan Hoi, reported the paper, were flocking to 
Saigon hospitals "fOr having their egg-bundle-like tetoses or 
monsters taken out. ... They tmanimously say that after 
just about two months of being pregnant, their fetuses become 
unbearable to them; then blood starts coming out through 
their vulvas until the fetus is taken out or the unfurtunate 
pregnant woman must die." The Thieu ~e promptly 
shut down '1"in Sang and also prevented pnvate Vietnamese 
citizens from seeing the birth-defect records of Vietnamese 
hospitals. . 

Thomas Whiteside worked out a calculation based on the . 
standard dose of Agent Orange applied to wells and cisterns 
in South Vietnam, which led him to conclude that "if a Viet­
namese woman who was exposed to Orange was preg-

centage of 2,4,5-T only slightly less the percentage that 
defOnned one out of every three fetuses of the pregnant 
perimental rats." 

AIR, WATERS, AND PLACES: ENVIRONMENTS OF DISEASE 

The Herbicide Assessment Commission of the AAAS was 
particularly concerned with the possibility that 2,4,5-T was 
causing birth defects in South Vietnam. I t reported in Decem­
ber 1970 that records of about 4,000 abnormal births in Saigon 
Children's Hospital from 1959 to 1968 show a sudden rise in 
two types of defect (cleft palate and spina bifida) after the 
start of heavy spraying in 1966. 

The AAAS commission fOund that the rate of stillbirths in 
Tay Ninh provincial hospital was 64 per thousand, compared 
to SI.2 per thousand throughout South Vietnam. The Herbi­
cide Assessment Commission's report noted, uAlthough, as in 
other areas where agent Orange bas been used mainly fOr fOr­
est destruction (as oppose9 to crop destruction) the total 
number of directly exposed Vietnamese is prohably low, tlle 
northern portion ofTay Ninh bas been heavily defOliated and 
the rivers draining the areas of defuliants run through the re­
mainder of the province and are a source of fish fOr some of 
the population." 

A Defense Departtnent study suggested that the rate of 
stillbirths in Vietnamese provincial hospitals had declined to 
SI.1! per thousand from a 196<Hl5 rate ofS6.1 per thousand. 
Both the AAAS and Defense Department scientists noted 
that, without further study, their findings could not be related 
directly to the effucts of herbicides. 

AAAS investigators are also seeking to trace minute 
amounts of the deadly poison 1!,s,6,7-tetracblorodibenza-p­
dioxin, which is generally called dioxin. Dioxin is produced 
as a resnIt of the manufucture of 2,4,5-T. It always contami­
nates the final 2,4,5-T product. It may be a product of the 
chemical breakdown of 2,4,5-T and possibly of 1!,4-D as well 
(according to Dr. Jacqueline Verrett). Dr. Matthew S. 
Meselson of the AAAS team noted that one part per billion 
of dioxin will kill a guinea pig. Dioxin resists chemical decom­
position and is soluble in fal.-which means that it p",bably· 
concentrates in animals and humans much as DDT does. 
Workers in 2,4,5-T plants in the US and West Gennany have 
developed chloracne as a result of dioxin poisoning. It is a 
disease characterized by extensive skin eruptions, liver dam-
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age, disorders of the central nervous system, cIu:>nic fatigue, lassitude, and depression. Dr. Verrett has detennmed by tests on chick embryos that dioxin is a million times more po~ent a futus-deforming agent than the notorious drug thalIdomide. The crop-killing Agent Blue is composed ?f cacod,rhc aCid, an organic arsenical compound that becomes morganIc arseruc in the human body. Orians and Pfeiffer have written, "Symp­toms of acute poisoning from cacodylic acid are headache, vomiting, diarrhea, dizziness, stupor ~vulsions, general paralysis, and death. The dosage required to cause these symptoms may be as little as one ounce (28 grams) ~f cacodylic acid per human adult." And a man COIIllllltted sw-cide by taking a mere 6.5 grams of 2,4-D! . Herbicides are not the only poisons that have been diS­tributed in the airs of Indochina. Dr. Arthur H. Westing of the AAAS study-team noted that more acres of South Vi~t­nam had been sprayed with Malathion (to kill malaria­bearing mosquitoes) than bad been sprayed w.ith herbicid~. Wesring speculated that chickens reporte~lly killed by herbi­cides might actually have died of Malathion .poisonmg. . The extent and effects of Malathion spraymg m Indochina are important subjects for future scientific investigation. Ac­cording to Polly Roberts of the Center lOr Study of Respon­sive Law: 
Malathion belongs to tbe organophosphate family of in­secticides which includes the notonous parathion, respon­sible fOr 'over half the insecticide deaths in the United States. A single "large" dose of one of these chemicals, or a series of small doses over a penod of several weeks, Jowers the body level of the vital enzyme cholinesterase. When the level gets low enou~h the ~ictim ~ulfers cramps, vomiting, convulsions, and, WIthout unmediate treatmen~ death. 

_____ . __ - - -_ _ Malathion has the peculiar itj th~ftlf--c.anEe rapIdly b~ ken down by an enzyme in the liver of maznmals; thus it has only a moderate toxicity of about 6,000 mg./l<g. A . person with a diseased liver, or one who has recently been exposed to other toxic chemicals, may su~b to much smaller doses. CoJuidering the prevalence of diseases such 
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as liver flukes in Viet Nam, and the frequency of exposure to other toxic chemicals such as DDT and the herbicides, a sizable fraction of the population may be quite susceptible to malathion 

. The tear gases known as CS and CN, as well as the nausea gas called DM, are often used in South Vietnam to drive peo­ple Out of tunnels and bunkers so they can be captured, in­cinerated, or chopped up by other weapons. These gases, ac­cording to two MDs of Harvard, "are incapacitating, but usually non-lethal, although they can kill under certain cir­cumstances: extremely high concentration of agent or highly susceptible victim, such as the very young, the very old or the very sick." Dr. Alje Vennema of Ontario, while serving in the Quang N gai provincial hospital in 1967, treated a number of patients who had been exposed to canisters of gas (proba­bly DM) while hiding in bunkers. Dr. Vennerna wrote, "Pa­tients are reverish. semi-<:<>matose, severely short of breath, vomit, are restless and mitable .... The mortality rate in adults is about 10 percent while the mortality rate in children is about 90 percent." 
In 1966, US aircraft dropped 12 tons ofCS on a jungle near the Cambodian border. Masked American troops charged into the cloud, but round no trace of any enemy. I was sitting in a remote district outpost in 1968 when the American dis­trict adviser, a major, returned from a conference with his superiors. The major had been urged to use more CS gas. He was considering spreading CS on an area believed to be used by the ~'LF as an infiltration route. A captain on his team ex­plained that CS would only make the guerrillas uncomforta­ble. I noted that since the vc (as we called them) blame all ills on American poisons, the CS would he grist lOt enemy _propaganda miH •. 'fIre-majoraeci<led not to use the CS. 

Stagruml Waters and Vnkealtky PlDas 
The effects of environments created by the Indochina war on human health are even more mysterious than are tbe other erological efrects of the war. Americans, like worshippers of the Greek drug deity Panacea, tend to regard the expansion 

;. 
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A ~empts to create fire storms are described in Thomas White­'ifoliation (New York: BallantinejFriends of the Earth, - '-;0--51. 
,st Research Institute's report, .Assessment oj EaJ.. ,_ oj Ertmsive or Repeated Use oj Htrbicides (AD ,.+ 314, 1967), is available from the Clearinghouse for Federal Scientific and Techriica1lnfonnation, Springfield, Virginia 22161. Quotations of the MRI Report are from pages 3, 258, and 263. Matthew S. ~feselson's quoted statement was given in the I.Urnational Herald 'Tn1nole (September 14, 1970), p. 4. The Joint Development Group's summary report, Postwar D<vtlop-1M1lt oj Viet-Xam, is quoted from page 22 regarding the income of South Vietnamese farmers. 

NOTES 

ChrtmicZ. (December 27, 1970), p. 2. The USAF "vegetation control" announcement was cited. in "A Technology Assess­ment,U p. 17. 

Hushed Mangrove. 
. Mangroves and hydroseres are described in P. W. Richards' classic study of tropical forest ecology, 'l1u Tropical Rain Forest (London: Cambridge University Press, 1952), pp. 283-302. Swamp forests of South Vietnam are discussed in Llewelyn Williams, Forests of Southeast Asia, Puer-ro Rico, and Y'exas (Washington, D.C.: USDA CR 12~7, 1967), pp, 111-19. Man­grove succession is outlined by Fred H. Tschirley in "Defoliation in Vietnam," Science, vol. 163 (february 21, 1969), pp. 781-82-Tschirley's estimate of the percentage of mangroves killed by 

Operation Ranch Hand (Hades) 
one herbicide application is from Richard D. McCanhy, 'The Ulti-

The history of the development of herbicides and their mili- mate Folly (New York: Knopf, 1969), p. 89. Gordon H. Orians 
tory use in lruiochina is told in the MRI Report, ~p. 5-7 and and E. W. Pfeiffer reported on mangroves in "Ecological EffectS 
108-18; and in "A Technology Assessment of the Vietnam De- of the War in Vietnam," Scimee, vo!. 168 (May I, 1970), pp. 
foliant Matter" Report to Subcommittee on Science, Research 045-46. Dr. Pfeiffer kindly supplemented his published observa-
and Developm~t, afthe Committee of Science and A.stronauti~ tions in conversations with me on December 5, 1970. 
US House of Representatives, 9srd Congress (August 8,1969), pp. 2-19 (hereafter called "A Technology Assessment"). F. J. Spreading the Green Desert Delmore"s quoted statement is from the MRl Report, p. Ill; Llewelyn Williams discusses reduction ofIndochina's forests in 
herbicide targets are listed on pp. 12+-2.5. . . Forests oj Southeast .Asia, Punta Rico, and 'Teras, pp. 17-18; pres-

Overall estimates of areas sprayed WIth herbICIdes are from em forest extent is from page 5; the forest classification is pre-
.·Background Material Relevant to Presentations at the 1970 sented on pages 61-66; and description of forest succession is 
Annual Meeting of the AAAS," which is the unpublished pre- from page 167. Description of evergreen forests is from P. W. 
Jiminary report of the Herbicide Assessment Co:nmission for the Richards, 'The 'Tropical Rain Forest. 
American Association for the Advancement of Science, December EffectS of herbicides on South Vietnam"s forests are viewed by 
1970 (hereafter ca1led the Herbicide Assessment Commission Tschirley in "Defoliation in Vietnam," pp. 782-85; and by 
Report). . Orians and Pfeiffer, "Ecological Effects of the War in Vietnam," 

The range of herbicide drift is mentioned m A. W. Galston, pp. 546-48. Richards was quoted by Tschirley concerning the 
"Defoliants," in Steven Rose (ed,), Chemical and Biological War- Angkor forest. fare (Boston: Beacon, 1969), p. 63. , . The article by George R. Harvey and Jay D. Mann is "Picla-

Frank Harvey's visit to Ranch Hand headquarters lS covered ram in Vietnam," which appeared in Scimtist and CitiUII (Sep-
in his Air JP"ar-Yietnam (New York: Bantam, tember 1968), pp. 165-7~. The threatened fnh1re oftbe tropieal-}c-- __ t;~·'~iii~·~ilii;l!~~fot~;~;~''':~::~P;;t)~~;;1- '''Tlrirrfon'S,is movmgly described by Richards, 'I7r< '['ropical Rain 

i 
p. 8. The suspension of use of Forest, pp. 4<)4 ff. Dr. Arthur H. Westing mentioned "secondary 

Orange was reported in the San Fr..ruco Chrtmic!' (J~, climax" and estimated tree destruction in South Vietnam's dense 
2S 1970) and given the lie by Ronald Ridenhour m 'Tz~ forests in "Effects of Military Defoliation on the Forests of South 
(November 2,1970), pp. ss:o. The "phase-o.ut" or all ~erbl- Viemam," invitational address before the American Association 
cide operations was reported m the San Fr= E.raminer fJt . for the Advancement of Science at its lS7th annual meeting, held 
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in Chicago, December 29, 1970. The process of Saharization is 
discussed in the MRI Report, pp. 266-ti1. 

Crop Destruction 
The origins of the crop destruction program are traced in U A 

Technology Assessment," p. 11. Dr. Jean Mayer's article, 
··Starvation as a Weapon," is in Steven Rose (ed.), Chemical and 
Biologica.l Warfa.re, pp. 76-85. Dr. Hornig is quoted ill Rich .. 
ard D. McCarthy, 'Tiu Ultimal< Folly, p. 88. 

Dr. Meselson's observations on the effects of crop spraying on 
civilians are reponed in the New rork 'Times (December 30, 
1970), p. I. The five US Army studies, which indicate that crop 
spraying harms civilians, not enemy troops, are summarized by 
Victor Cohn in the Stul Francisco Chronicle (December SI, 1970), 
p. 10. Carefully culled findings from two of these studies, which 
were presented by Rear Admiral William E. Lemos to a House 
of Representatives subcommittee, can be read in Thomas White. 
side, Defoliation, pp. 86-93. 

Harvey and Mann describe the effects of picloram on food 
crops in "Picloram in Vietnam/~ p. 166. Orians and Pfeiffer de­
scribe "accidental" defoliation, crop destruction, and effects of 
herbicides on South Vietnam's rubber industry in "Ecological 
Effects of the War in Vietnam," pp. 549-53. Nguyen Thuoc of 
Dispatch News International reported damage to the National 
Park in an unpublished article, "Vietnam Massacre: Trees," 
June 1910. 

H. G. Baker, Plants and Civilization (Belmont, Calif.: Wads­
v..-orth, 1970) discusses the imponance of botanical gardens 
(pages 23-<16) and tells the tale of the spread of rubher culture 
from its origin in Brazil (page 125-32). The international in­
vestigating group's studies in Cambodia resulted in the "Report 
on Herbicidal Damage by the United States in Southeastern 
Cambodia," by A. H. Westing, E. W. Pfeiffer, J. Lavorel, and 
L. Matarasso. It i.s printed in Thomas Whiteside, Defoliation, 
pp. 111-32.. 

. ~ m the MekongDelta - ---

Clifford Geertz describes the ecology of rice paddies on pages 
17---25 ofhis article, «Two Types of Ecosystems," in Andrew P. -
Vayda (ed.), EJrOirrmmmt and Cultural Behavior. The amount of 
land abandoned owing to the war i.s estimated in the Joint De- . 

NOTES 

ve.lopment Group's summarized report, Postwar Development oj 
Jl'let-Xam, p. 18. 

A r~e~ing.study of the agricultural economics of the Mekong 
~elta IS gIven ill Robert L. Sansom, 'The &onomics of Insurgency 
In tIu Mdong Delta .oJ Vietnam (Cambridge, Mass.: MIT Press, 
1.970). My account IS drawn mainly from Sansom's chapters en­
titled. ':Land and Income: A Historical Inquiry" and "Recent 
CondIt1~ns of Land Tenure." In his concluding chapter, "The 
Econor~llcs of Insur~ency," Sansom contrasts the myths created 
by vanous countermsurgent "scientists" with the realities of 
land and war he found in the Mekong delta. 

Duong Son Quan's article, "Is the 'Land to the Tiller" Bill as 
Perfect as ~i.s Excell.ency, Amba~sador Bunker Claims?" ap­
peared fir,! m the Saigon magazme 'Tu Quyet, then in trans­
lated form m the Octoher 1910 issue of'Thoi-Bao Ga, edited by 
Ngo Vmb Long (16-A Pleasant Street, Cambridge Mass. 
02139). ' 

Chapter 3: Wax upon the Animals 

~ fii~ht of anim.a1s to Cambodia is mentioned in Thomas 
WhiteSlde, DejoliatZ(»l, pp. 127-i!8. Orians and Pfeiffer discuss 
the effects of herbicides on Indochina's fauna in "Ecological Ef­
fects of the War in Vietnam," pp. 548-49. 

.The Stanford University biologists quoted are Lawrence E. 
Gilbert, Peter H. Raven, and Paul R. Ehrlich, from their letter to 
Sdtna, ':01. 161 (September 6, 1968), p. 964. Endangered ani­
mal speetes of In~ochina are discussed by the MRI Report, pp. 
~67-69. Infonna~on on tropIcal plant-animal interdependence 
IS from :m unpubhshed paper by Lawrence E. Gilbert, graduate 
student m ecology at Stanford University, October 21, 1970. 

Vietnamese testimony given at the Russell war-crimes tribunal 
about herbicide effects on plants, animals, and humans is cited in 
Seymour M. Hersh, CIumicaI & Biologico.l Warfare (New York: 
Anchor Books, 1969), pp. 133-34. NLF claims are found in 
"Documents on Chemical Warfare Carried out in South Vietnam 
by the United to the 5th 

The MRI ~eport reviews herbicide toxicity beginning on page 
151: cacodylic actd, pp. 159-<l5; picloram, pp. 111-82; 2,4-D, 
pp. 189-95; and 2,4,5-T, pp. 196-98. Malathion spraying in 
South Vietnam i.s me~1t.ioned in the NtW York 'limes (December 
80,1970), P.l. TOXICIty of Malathion to honeybees i.s noted in 
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''Toxicity of Pesticides and Other Agricultural Chemicals to 
Honey Bees," (Riverside, Calif.: Umversity of~liforrua ~gn_ 

. cultural Extension, July 1967), p. 8. The quotation about tigers 
is from the Orians and Pfeiffer article "Ecological Effects of the 
War in Vietnam," p. 555. William R Corson reports on his fish­
blasting expedition in 'Ike Betrayal (New York: Ace Books, 
1968), pp. 165-67. 

Chapter 4: The Lunarization Program 
Orians and Pfeiffer discuss craterization in "Ecological Effects of 
the War in Vietnam," p. 552. News reports, such as the San 
FranciSCIJ Chronicle (November 21, 1970), p. 16, covered the 
heavy bombing of the Ho Chi Minh T~ in the \a~er .months 
of 1970. A sensitive report of a large military operanon m Viet­
nam is Jonathan Schell, 'l7te Village of Ben Sue (New York: Vm-
tage, 1968); my quotation is from page 20. . . 

Much of the analysis of military effects on the soil IS from an 
unpublished paper by Clyd~ "Yahrhaftig, Pro.fesso;. of Geolo~ 
at the University ofCaliforma m Ber~eley, entItled So~~,POSS1-
ble Effects of Military ActiVIty on Soils of Southeast Asia, 19~o. 
Laterization is discussed in the MRI Report, pp. 281-84; Tschir­
ley, "Defoliation in Vietnam," pp. 78c)-81; and a mimeographed 
paper by Gerardo Budowski, "Tropi~ Savannas, a Sequence of 
Forest Felling and Repeated ~urnmg! 1956. . 

Cultivation of peaty soils 15 descnbed m TI>:" Cong ~ung, 
Natural Environment and Land Use in Suuth Vietnam (SaIgOn: 
Ministry of Agriculture, 1967), P: ~5 \th~ volume .has. a soil 
survey of all South Vietnam). PrecIpItatiOn,,! Indochina 15 co".­
ered by M. Y. Nuttonson, 'Ike PhysicaI :r;nrrznm1ll<1lt and AfT'­
culture of South Vietnam, Laos and Cambodia, pp. 12-14. Nutnent 
cycling and soil conditions in a tropIcal forest are descrIbed by 
P. W. Richards, 'Ike 'Iropical Rain Forest, I'P. 206-2~. 

The MRI Report discusses changes ill clirnateattn,,?t.able to 
land stripping on pages 28 ...... 87 and the eJIects of herbIcides on ~ 
soil on 198-£00. 

Chapter 5: Airs, Waters, and Places: Environments of Disease ~ 

A work that explains environmental efleets "'.' human heal~ 
and much more-is Rene Dubos, Man Adaptmg (New Haven: 
Yale University Press, 1965). The quotations of Hippocrates ~ 
come from pages 56-87 and page 62 of that book; the quotatlOll 
of Dubos himseIf comes from page 169. 

1M 

NOTES 

Civilian casualties in Indochina are discussed in the Senate 
Refugee Subcommittee's staff report, "Refugee Problems in 
Indochina." I have quoted from pages 11-1S. 

Poisons from the Airs 

A summary of herbicide toxicity studies is in the MRI Report. 
pp. 161 ff. Scientific findings about 2,4,S-T are gathered in "The 
Effects of 2,4,5-T on Man and Environment." Hearings of the 
Subcommittee on Energy, Natural Resources and Environment, 
of the Commerce Committee, US Senate, 91 st Congress, 2nd 
Session (April 7-15, 1970). Dr. Verrett's findings about the ef­
fects of 2,4,5-T and 2,4-D in chick embryos are reported on page 
196 of that document. 

The story of the concealment of the Bionetics Report is from 
an unpublished paper by Polly Roberts, an Associate of the 
Center for Study of Responsive Law, who was involved in the 
exposure of the report. The 'Tin Sang story about "monster 
fetuses" is translated in the Tale Daily News (December 2, 
1969). Findings of the AAAS investigation team are reported 
in the New Tort 'Iimes (December so, 1970), p. I, but the quo­
tation is from the unpublished Herbicide Assessment Commis­
sion Report). In his book, J),joiiation, Thomas Whiteside esti .. 
mates the amount of 2,4,5-T consumed by a pregnant Vietnamese 
WOman on page SI and discusses dioxin on pages 4+-5.8. Difolia .. 
tion also contains an account of the exposure of the Bionetics 
Report. 

Orians and Pfeiffer note the effects of cacodylic acid on people 
in "Ecological Effects of the War in Vietnam," p. 649. Use of 
tear gas and nausea gas in Vietnam is described by Seymour M. 
Hersh, Chemical & Biological fIT arjare, pp. 142-59. The Harvard 
doctors and Dr. Vennema are quoted on pages 166-57 of Hersh'. 
book. 

Stagnant Waters and Unhealthy Places 

"The Tragedy of Saigon," in Barry ( ed.), 
Ecocide in Indochina. Malaria is discussed by Rene Dubos, Man 
Adapting, pp. 287 and 875. My account of rna \aria in Indochina 
is drawn mainly from an unpublished paper; "Pollution, Public 
Health and Nutrition Effects of Mekong Basin Hydro-Develop­
ment" (1970), by John P. Milton of The Conservation Founda_ 
tion, 1717 Massachusetts Avenue NW, Washington, D.C. r008a. 
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