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ABSTRACT

The vegetation of the defoliation test site 1 at Pran Buri was
described and inventoried so that data would be available for precise
evaluation of the effects of defoliant spraying. The site is in a Dry or
Semi-evergreen forest. Vegetation was divided into categories according
to physiologic characteristics: dominant species, intermediate species,
shrubs and climbers, and ground cover. Of the 164 species found in the
area, 46 were dominant, 35 were intermediate, 64 were shrubs and
climbers, and 19 were ground cover. All species belonged to 117 genera
from 52 families. Formation percentage for each category was deter-
mined by counting stems of each species found in a 30-ft strip 530 feet
along the camera trails in each of 83 test plots. The formation percen-
tages were found to be 17 percent for dominant, 75 percent intermediate,
and 8 percent for shrubs and climbers. Ground cover was excluded
from the stem count, as it would be a virtually impossible task on that
scale of test areas and would probably contribute little to the evaluation.
The formation percentages according to phenology were found to be 16
percent deciduous, 82 percent evergreen, arid 2 percent uncertain.
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INTRODUCTION

This report, is a description of vo.potation at the test area 1 at
Pran Buri, Thailand, which was one of the two areas selected by the
Crops Division of Fort Detrick for thy testing of defoliants (ARPA
Order No. 423), To the Environmental Research Office of the
Joint ThaJ-U. S. Military Research and Development Center fell
the task of making a vegetation inventory, as the effects of various
defoliants on the various species were; to be studied by Fort Detrick.
This report concerns only the species found and the forest classi-
fication; Fort Detrick will use this information in their report on
effects of the defoliants used. However, this report will also be of
interest as a study of a Dry or Semi -fvt 'rgreer. forest, one of the
12 forest types found in Thailand.

PLOT LAYOUT

As seen in Fig. 1 (page 2), 1.2 parallel, east-west lanes were
made, from which north-south plot boundaries were demarcated and
120 possible defoliant treatment plots formed.

The inset in Fig. 1 is an enlargement of one cf the sample plots
in which an inventory was made. Into each sample plot used in the
inventory was cut a 1, 000 i f . long trail to the six camera stations
established for ust. later when evaluating the defoliant effects. An
inventory was made of all vegetation w.:th:n a 5 m strip on each side of
the camera t^ail for a distance of abou', 530 ft along the trail; the
area inventoried is marked with broke" ijnos in the inset, Fig. 1.

Of the possible 120 plots, 83 wf. r t - inventoried. Into each plot
was cut a trail of the same length and configuration as the one shown
in the inset. The six amera stations along each trail were established
for use by Fort Detrick when assessing effects of defoliants.

For the vegetation survey, all vegetation was examined in a
svvr.th extending 5 m on both sides of the trail, 5 m before the first
station, and 5 m after the sixth station. Ground cover was listed
but not counted. As approximately 1,600 m of area in each of 83
plots were inspected, all vegetation, other than ground cover was ex-
amined in about 2 percent of the test area.

1
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GENERAL DESCRIPTION OF THE AREA AND VEGETATION

Pran Buri is about 260 km southx est of Bangkok. Test area 1 at
Pran Buri is in a broad valley bordered on the west and partially on the
east by precipitous mountain ranges, which rise 300 to 1, 500 ft above
the valley. The test area is about 1'mi long and 3 mi wide and includes
about 1,400 acres.

The forest is a secondary Dry or Semi-evergreen forest. Small-
to medium-sized trees form a thick canopy,, and vines make the canopy
still thicker. Medium-sized trees, which are sparse, are mostly
deciduous and form an upper, or dominant, story 13 to 25 m high. An
abundance of small, evergreen trees forms a continuous lower or inter-
mediate story 5 to 12 m high. Undergrowth is dense in places and con-
sists of small shrubs, saplings, and vines. Ground cover consists of
small plants, such as grasses, zingiberads, ferns, herbs, and seedlings.

DISTRIBUTION OF SPECIES--CHARACTERISTICS AND VARIATIONS

As evident in Tables 3 through 13 (pages 35-45), Streblus zeylanica*
was the species most commonly found in the 83 sample plots, making up
slightly more than 33 percent of the stems examined, while Cliestanthus
heterophylus was second most prevalent, being slightly less than 30 per-
cent of stems examined. However, the percentages of stems of these
two species varied considerably from lane to lane. Streblus zeylanica
ranks first in all lanes except lane XJ, where it is second to Cliestanthus
heterophyllus; the incidence of Streblus zeylanica varied between 42
percent in lane VII and 28 percent in lane XI. Cliestanthus heterophyllus
was the second most prevalent species among the specimens examined
but varied between 32 percent in lane VII and 11 percent in lane I. •

There is a considerable difference in percentage of occurrence
between the two most prevalent species and the third most prevalent
species, Memecylon ovatum, which comprises about 5 percent ^i the
vegetation examined.

Note: Thai common names are given in table on page 27.



Afzelia xylocarpa (2)* and Acionychia pedunculata (118) were
always found along streams.

In an old clearing in lane I, Gelonium multiflorum (107), Melia
azedarach (62), Croton oblongifolius (52), and Crataeva religiosa (147)
were found.

Common species in open areas are Eupatorium odoratum (53),
Imperata cylindrica U63), Lantana camara (136), Abut:lon mdicum
(137), Coccinia indica (151), Passiflora foetida (152), Solanum sp.
(153), and many kinds of grass and herbs.

Incidence of rare species is usually restricted to particular
environments, and this was found true in the areas examined.
Mitragyna brunonis (126), usually found in swampy areas, was found
in a swampy area along lane IV. In a moist place along lane III, the
following rare species were discovered: Caesarla grewiifolia (21),
Koompassia excelsum (50), Acacia concinna (3), Parkia javanica (68),
Syzygium cumingii (83), Streblus asper (80), Putranjiva roxburghii
(111), Polyalthia suberosa (119), Dysoxylum sp. (148), Saccharum
spontaneum (154), and Calamus sp.*-^

Of the rare species, not more than five stems of each were
found, except Mztragyna brununis (126), which was found in groups.
See pages 21 to 26 for photographs of vegetation in test area I.

ANALYSIS OF VEGETATION AT TEST SITE I

The vegetation examined at defoliation test site 1, Pran Buri
was found to be about 82 percent evergreen, and therefore the site is
classified as a Dry or Semi-evergreen forest, typical of about one-
third of the forested regions of Thailand. The deciduous species
constituted about 16 percent of the vegetation examined, with 2 percent
listed as doubtful.

* The numbers in parentheses-are the numbers given to the
species in Table 1, beginning on page 27.

** A cane; not listed in Table 1.



A total of 145 dominant species, intermediate species, and
species of shrubs were found in sporadic surveys throughout the
general area of rhe tost site, but only 97 species were represented
among the 18,706 trees, shrubs, and vines examined ard identified
in the 83 sample plots. Table 15 (page 5(7) gives the numbers of
species in each oi the three categories of species tabulated, both in
the entire test area and the. portions of the 83 sample plots examined.
The table also shows the percentage of vegetation in each of the three
categories.

CATEGORIES OF SPECIES

A list of the 164 species in the defoliation test area is given on
Table 1 on pages 27 through 33. Based on the description of the
vegetation given above, as well as on the characteristics of the species,
the vegetation can be divided into fc r categories:

Dominant

Dominant species are trees with large crowns which, when the
tree is mature, extend above the general level of the forest canopy
and receive full sunlight from above and partial sunlight from the
sides. Dominant species of this test area are usually medium-sized
and are rarely large. The canopy has an average height of 13 to 25 m.
As shown in Table 1, there are 46 dominant species.

Intermediate

Intermediate species are trees with small crowns crowded
together at 5 to 12 m above the ground and forming the forest canopy.
These trees receive some light from above, being shaded somewhat
by the dominant species, but none from the sides. This class includes
an abundance of small, but rarely medium-sized, trees. As shown
in Table 1, there are 35 intermediate species.

Shrubs

Shrubs are defined as bushy or woody plants with several perma-
nent stems rather than a single trunk; vines and other climbers nre
also considered shrubs in this inventory even though some of them



growing on dominant or intermediate species (see Nos. 4, 22, 45, 49,
76, 88, and 133) climb high enough to form part of the canopy. Some
of the species considered shrubs in this inventory grow low enough
to be considered ground cover (see Table 1, Nos. 1, 5, 15, 17, 19,
27, 56, 129, 130, 136, 137). Other species of shrub are as tall as
intermediate species. There were 64 species of shrubs discovered
in the defoliant test area.

Ground Cover

Low-growing plants --grasses, palms, herbs, and seedlings --
were listed as ground cover but their stems were not counted, as
they are generally of little importance in military defoliation. There
were 19 ground cover species excluding seedlings (see Table 1)*.

PHENOLOGY (Seasonal Growth)

Deciduous

Deciduous species are defined here as species that are without
leaves for more than 30 days each year. During the dry season this
forest is quite dry, and most of the dominant trees shed their leaves.
This takes place from. January through May, although in some years
the rainy season, which precedes the dry season, may end earlier
or later than usual, causing the period of leaf fall to come earlier
or later. Some small trees and shrubs also, such as species Nos.
14, <*0, 69, 89, 91, and 105, shed the j r loaves during the dry season.
There are 43 deciduous species in the defoliant test area.

Evergreen

Evergreens are defined here as those species which are without
leaves no longer than 30 days each year. Generally, evergreens
shed their leaves throughout the year, and when the old leaves fall,

Seven were considered as both shrubs or climbers and
ground cover.



new ones rapidly come out to replace them. The density of foliage
depends on the moisture of the season, there being a greater amount
of foliage in the wet than in the dry season.

IDENTIFYING ALL SPECIES IN THE TEST AREA

To have a working list of species in the test area when exami-
nation of the 83 sample plots began, an initial survey was made at
test area 1. Samples of every kind of plant, except those of no
significance in the deioliation project--such as, ferns, zingiberads,
and orchids were collected in seven 10 x 100-m plots. These plots
were scattered over the test area:

2 sample plots in lane I
2 sample plots in lane III
2 sample plots in lane V
1 sample plot in lane VII

See Fig. 1, page 2, for the locations of these seven plots. Later,
during the inventory of the 83 sample plots, more species were found.

Specimens v/ere sent to Mr. Tern Smitinand at the Royal '" • •
Forest / Department for identification; 164 species were noted in
test area 1, only one of which remains unidentified.

PROCEDURES IN INVENTORY OF 83 SAMPLE PLOTS

As discussed above on page 1, species were identified 5 m on
either side of the trails for a distance of about 530 ft (see Fig. 1).
The species numbers were painted on the trees or specimens were
tagged to make assessment of the defoliants' effects easier for the
Fort Detrick researchers. Also, the phenology of each species was
recorded, if known, so that in later evaluations seasonal effects
would not be mistaken for reactions to the defoliants.

In addition to the 10-m wide swath inventoried and marked
along each camera trail, each tree within 30 ft of the camera stations



was identified, marked, and located on a chavt. This information
will be useful in evaluating vertical photographs taken from the
camera stations as part oi the defoliant evaluation.

TABULATION OF VEGETATION FORMATION PERCENTAGE

Species distributions in the 11 lanes are presented in Table 3
through 13, pages 35 to 45. The species name is given if it repre-
sents more than 1 percent of the vegetation in that lane. In Table 2,
page 34, distribution data from all 11 lanes are summarized.

For these analyses the 19 species of ground cover were ex-
cluded. While Table 1 includes the i9 species of ground cover and
lists a total of 164 species found in the entire test area, the total
number of species to be found if ground cover is excluded is 145.
However, the total r.umbe^ of species counted in the 83 sample plots
was 97, as 20 species found are to.» small to be counted and as the
28 rare species were not found in the sample plots.

Table 14, page 46, lists by number (see Table 1) all 97 species
found in the 83 sample plots. The total numbers of stems counted
in each of the 11 lanes are given at the right, while total numbers of
stems of each of the 97 species counted, are given at the bottom of
the table. Also at the bottom, of the. table, numbers 1 through 17
are used to arrange jn descending order the 17 most common species
found in the 83 p!.ots.
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Photo 1
Showing the vegetation formation of defoli-
ation area 1, which consists of an abundance
of small trees of two species- -St reblus zey-
lanica (81) and C1 e is tanthus he te rophy 1 lus
(90).
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Ill 1m
fS^^^^^^P^ff^.m

Photo 2
Tree on the lef t is Diospyros sp. (34), one
of the dominant trees forming the upper
canopy, 13 to 25 m high.
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Photo 3
Tree on the left is Lagerstroemia floribunda
(54), one of the dominant species; vine hang-
ing on it is Ventilate calyculata (88), a com-
mon vine of the area. Big tree on the right
is Diospyros sp. (34), one of the dominant
species.
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^^f^C::^^r^4^';

Pl.;>to 4
Big t ree in the middle is L«igerstroemia
loudonii ( 5 5 ) , one of the dominant tree
species of t h i s fores t . Many Streblus 7.ey-
lanica (81) are also v is ib le .
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Photo 5
This photograph shows ground cover species.
Big-leaved plant in foreground is Strobilan-
thes sp. (130) , and next to it are Actiphila
siamensis {!), listed as both shrub and ground
cover.
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PllOt o O

Nl i t r agyna b runon i s (126 ) , one of the rare
species, iound grouped around swampy area
in lane IV .
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Table 1

List of Plant Species Found in Test Area 1, Pran Burl

No. Botanical Name

1. Actiphila siamensis
2. Afzelia xylocarpa
3. Acacia concinna
4. Tetrastigma sp.
5. Aphania sp.
6. Atalantia monophylla
7. Atalant ia roxburghiana
8. Acacia comosa
9. Capparis tenera

10. Atalantia scandens
1 1. Bambusa sp.
12. Bauhinia bassacensis
13. Salmalia insignia
14. Cliestanthus f > p .

(2)*
(3)
(5)
(6, 166)
(8)
(9)
(10)
( I D
(13)
(14)
(16)
(17)
(18)
(19)

Thai Name

si som
ma ka mong
sorn poi
thaowan daeng
lam leing
ma now pee
ma now pee
narm hxien
na rn nong
rna now pee
pai
sa laeng pan
ngui pa
kadang hai

Type
of Plant** Category*** Phenology**** Remarks

S
T
S
C
S

ST
S
S
S
S
B
C
T
S

S-C-C
D
S
S

S-GC
I
S
S
S
S
I
S
D
S

DD
-
-
-
E
E
E
-
E
E
E

DD
DD

rare

rare

rare

* These- numbers are those used when marking the vegetation at the site; they are not consecutive here because the
complete Fort Detrick list includes species found at. test site 2. This list is of species at test site 1 only. The
Fort Detrick numbers are given in the report because this report wil l be used by the Fort Detrick researchers in
their work on the defoliation project.

* T -- tree
ST -- small tree

S -- shrub
C -- climber
B -- bamboo
P -- palm
G -- grass

* D — dominant
I -- intermediate
S -- shrub or climber

GC — ground cover

**** DD -- deciduous
E -- evergreen

Phenology of some species,
particularly shrubs and ground
cover, omitted because unknown
or uncertain.



Table 1 (Cont. )

No.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
2o.
27.
28,
29.
30.
31.
32.
33.

34.

35.
36.
37.
38.
39.

J O .
41.
42.

Botanical Name

Buxus w a l l i c h i a n a (20)
Bauhinia bracteata ( 2 1 )
Mezoneururn hymenocaspum ( 2 2 )
Caesalpinia sappan ( 2 5 )
Cappar is ; macropoda ( 2 4 )
Cappar i s tho re l i i (25)
Casearia grewiifol ia (26)
Pachygone dasycarpa (28, 76)
Cel t is sp . (29, U j )
Cissus cf , d iscolor (30)
Diospyros sp . ( 3 1 )
Combretum quadrangulare (32)
Croton cumingi i ( 33 )
Hymer.opyramis brachiata (34)
Grewia c las tos temoidcs ( 3 6 )
D e r r i s scandcns ('<<>}
Diospyros mollis ( ;>1)
Diospyros caul i f lora (38)
DLospyros curranii (39)

Diospyros sp. (40, U,)

E ry th r i na sp. ( 4 1 )
Antheroporum pierrei (42)
Diospyros castanea (43)
Euphobia trigona (44)
Ficus sp. (45)

Gardenia collinsae (46)
Garuga pinnata (47)
Bridel ia siamensis (48)

Thai Name

chong ram pan
ka dai ling
kc-ao mue wai
phang
ka c h i c k
i\a c h i c k
k r u a y

ta lai khao
dard t akua thao
man moo
sa kae na
plao
kra dook taek
h a r < > i iuk k a l i n g
t [;.•' r • v. .1 n pr l ong
ma k lua
dee mee
dam dong bai lek

(small leaf)
dam dong bai yai

(big leaf)
tong lang
ka pi ki nok
tap tao
salad dai
trai (heart shape

leaf)
khoy darn
ta kram
ma ka

Type
of Plant**

S
C
C
S
S
S
T
C
T
C
T

ST
S
S
T
C
T

ST
T

T

T
T

T
ST

T

ST
T
S

Category***

GC
S-GC

S
S

GC
S
D
S
I
S
I
I

GC
S
D

S-GC
D
I
D

D

I
D
I
I
D

I
D
S

Phenology**** Remarks

c r e e p 1 1
-
E_

E
E rare_

E
rare

E
E rare
-_

DD rare
c r e e p i r

DD
E
E

E

DD rare
E
E
E

DD

DD
DD

..



Table 1 (Cont. )

(S)

No. Botanical Name

43. Mansonia gagei
44. Grewia tomentosa
45. Hiptage marginata
46. Hoya obcordata
47. Hydnocarpus ilicifolius
48. Flacourtia rukam
49. Jasminum sp.
50. Koompassia excelsum
51. Hymenodicthyon excelsum
5Z. Croton oblongifolius
53. Eupatorium odoratum
54. Lagerstroemia floribunda
55. Lagerstroemia loudonii
56. Lepionurus ramentacea
57. Tarenna longifolia
58. Memecylon floribundum
59. Manilkara hexandra
60. Memecylon ovatum
61. Micromelum hirsutum
62. Melia azedarach
63. Millettia leucantha
64. Mitrephora winitii
65. Glycosmis montana
66. Niebuhria siamensis
67. Olea maritlma
68. Pakia javanica
69. Phyllanthus sp. '
70. Pterocarpus macrocarpus
71. Rhaphis micrantha
72. Combretum procursum
73. Sterculia faetida

(49)
(50)
(51)
(52)
(53)
(54)
(55)
(56)
(57, U1Q)
(58)
(59)
(60)
(61)
(62)
(63)
(64)
(65)
(66)
(67)
(69)
(70)
(71)
(72)
(73)
(75)
(77)
(78)
(79)
(80)
(81)
(82)

Thai Name

chan
pla

t ien ka moi
kabao
takob
mali wan
yuan pung
u loke
plao
sarb sua
ta back
sa lao
pak waen

plong khiru>k
kade
plong
has sa kun
lien
kha choh
maha prom
kaew
chang
f in
ka rieng
pang
pradoo
mark ling
sa kae thao
sam rong

Type
of Plant**

T
ST

C

T
ST

C
T
T
S
H
T
T
S
S

ST
T

ST
S
T
T

sr
s

ST
ST

T
ST

T
P
C
T

Category***

D
I
S

I
I
S
D
D
S

GC
D
D
S
S
1
D
I
S
I
D
I
S
I
I
D
I
D
S
S
D

Phenology****

DD
-
-
E
E
E
.

DD
DD

E_

DD
DD

E
E
E
E
E
E
E

DD
E
E

DD
E

DD
DD
DD

E
E

DD

Remarks

rare

rare

rare



Table 1 (Cont. )

No. Botanical Name

74. Sapium insigne
75. Sindora maritima
76. Sphenodesma pentandra
77. Spondias pinnata
78. Melianthus suavis
79. Burretiodendron siamensis
80. Streblus asper
81. Streblus zeylanica
82. Tiliacora triandra
83. Syzygium cumingii
84. Pterospermum ILttorale
85. Vitex pinnata
86. Tetrameles nudiflora
87. Terminalia pierrei
88. Ventilago calyculata
89. Vitex quinata
90. Cleistanthus heterophyllus
91. Zizyphus oenoplia
92. Ficus geniculata

93. Diospyros rhodocalyx
94. Dalbergia nigrescens
95. Terminalia tripteroides
96. Mitrephora sp. (107, 149,
97. Ficus altissima
98. Holoptelea integrifolia
99. Ficus maclellandii

100. Diospyros buxifolia
101. Buchanania glabra
102. Canangium latifolia
103. Cyathostemma micrantha

Thai Name

(83) kled raet
(84) make shy ta le
(85) tarn ka moy
(86) ma kok
(87) pak waen
(89) poh khao
(90) khoy
(91) khoy narm
(92) thao chang
(93) wa
(94) hu kwang
(95, 100) samo tin ped
(95) ka pong
(97) ta baek krai
(98) thao wanlek
(99) mak lek ma1', noi
(101) ka dong daeng
(102) leb yiew
(103) trai

(long leaf stalk)
(104) ta ko na
(105, 127) cha nuan
(106) ben
170, U^) paya rak dam

(108) trai tong
(109) ka chao
(110) trai
(111) lam bid
(114) ma muang nok
(120) sa kae saeng
(121) nom rnaew

Type
of Plant**

T
T
C
T
T
T
T

. ST
C
T
T
T
T
T
C
T

ST
S
T

ST
ST

T
T
T
T
T
T

ST
T
S

Category***

D
I

S-GC
D
D
D
I
I.
S
D
D
D
D
D

S-GC
I
I
S
D

I
I
D
D
D
D
D
D
I
I
S

Phenology****

DD
DD

E
DD
DD
DD

E
E_

E
E
E

DD
DD

E
DD

E
DD
DD

E
E

DD
E

DD
DD
DD

E
E
E
E

Remarks

creepin

rare

rare

seedlinj

rare

rare
rare
rare

rare
rare



Table 1 (Cont. )

No. Botanical Name

104. Artabotrys siamensis
105. Drypetes sp.
106. Euonymus cochinchinensis
107. Gelonium multiflorum
108. Casearia sp.
109. Phyllanthus sp.
110. Walsura trichostemon
111. Putranjiva roxburghii
112. Connarus cochinchinensis
113. Mallotus dispar
114. Euonymus carinatus
115. Ehretia laevis
116. Canthium nitidum
1 1 7. Rinorea sp.
118. Acronychia pedunculata
119. Polyalthia suberosa
120. Unknown
121. Bridelia monoica
122. Flueggea micrncarpa
123. Mallotus sp.
124. Ficus hispida
125. Tarenna adangensis
126. Mitragyna brunonis
127. Canthium sp.
128. Carissa chochinchinensis
129. Scyphellandra pierrei
130.. Strobilanthes sp.
131. Premna sp.
1 32. Ficus colosa
133. Strychonos thorelii

(122)
(123)
(125)
(126, U 1 3 )
(132)
(137)
(138)
(139)
(140)
(143)
(144, U?)
(145, U8)
(146, U9)
(147, U1 2)
(148, U I 4 )
(150)
(151)
(153)
(154)
(155)
(156)
(157)
(158)
(159)
(161)
(164)
(165)
(166)
( 1 7 1 )
(172)

Thai Name

ka dang nga pa
khi raet
ka lum nok
khan tong paya bart
khai ta khe
dok tai bai
kad lin
ma kam kai
tab taeb

nok norn
kom
ta kien nu
ka dook kai
kra buang tuay

si fan
kang pla bai lek

ma dua plong

ka turn
narm tang
narm prom
khoy yong

trai
cha em thao

Type
of Plant**

S
S
S

ST
S
S

ST
T
C
S

ST
ST

T
S

ST
S
T
S
S
S
S
S

ST
S
S
S
S
S
T
C

Category***

S
S
S
I
S
S
I
D
S
S
I
I
D
S
1
S
D
S
S
S
S
S
I
S
S

S-GC
GC

S
D
S

Phenology****

E
DD

E
E
E
E
E

E
-
E

DD
E
E
E
E
E
E
E
-
E
E

DD
-
-
-
-
-

DD
E

Remarks

rare

rare
rare

rare

rare

rare

rare



Table 1 (Cont. )

No. Botanical Name

134. Rhaphidophora peepla (173)
135. Premna sp. (174)
136. Lantana camara • (175)
137. Abutilon indicum ( 1 7 7 )
138. Ficus curtipes (178)
139. Capparis sepiaria (179)
140. ZLzyphus cambodiana ( I S O )
141. Mezoneurum sp. (181,
142. Sterculia parvif lora (18Z)
143. Albizzia procera (183)
144. Capparis siamensis (184)
145. Capparis micr.:.ntha (185)
146. Tamarindus indica (187)
147. Crataeva religiosa (191)
148. Dysoxylum sp. (192)
149. Flacourtia sp. (196)
150. Sarcostemma brunonianum (201)
151. Coccinia indica (202)
152. Passiflora foetida (203)
153. Solanum sp. (204)
154. Saccharum spontaneum (203)
155. Cynanchum lare (209)
156. Streblus taxoides (216)
157. Achyranthes sp. (1)
158. Aglaonema sp. (4)
159. Kaempheria sp. (142)
160. Munronia humilis (163)
161. Fimbristylis sp. (167)

194)

Thai Name

plu chang

pa ka krong
phong phang
trai

ta krong
fang ling
po kha nun
kang

ma kharm
kum bok
ta sua
ta knob thai

tarn lung
ka tok rok
ma khua pee
pong

khoy
sawong
bai sam si
proh

Type
of Plant**

C
S
S
S
T
S
S
S
T
T
S
S
T
T
T
S
C
C
C
S
G
C
S
H
H
H
H
G

Category** *

S
S

GC
GC

D
S
S
S
D
D
S
S
D
D
D
S
S

GC
GC

S
GC
GC

S
GC
GC
GC
GC
GC

Phenology****

E
.
-
-

DD_

-
-

DD
DD

E
E

DD
DD

E
-
»-

-
-
-
-
E
-
-
-
-_

Remarks

rare
rare
rare

rare
rare i

rare
rare
rare
rare

creeping
creeping
rare

creeping
rare
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Table 1 (Cont. )

No. .Botanical Name

162. Digitaria sp.
163. Imperata cylindrica
164. Solaria sr>.

(168)
(169)
(199)

Thai Name

ya ka

Type
of Plant** Category*** Phenology**** Remarks

G
G
G

GC
GC
GC



Table 2

Vegetation Formati ^n of Test Area 1, Pran Buri
(Data from 83 plots)

Botanical Name

Streblus zeylanica
Cleistanthus heterophyllus
Memecylon ovatum.
Mansonia gagei
Euphobia trigona
Antheroporum pierrei
Diospyros cauliflora
Ventilago calyculata
Celtis sp.
Lagerstroemia floribunda
Mitrephora winitii
Sphenodesma pentandra
Vitex quinata
Phyllanthus sp.
Diospyros sp.
Atalantia monophylla
Millettia leucantha
80 species, each lees than 1%

Category*
Ft Detrick

No.** No. Percent

I
1
1
D
I
D
T
.A.

s
I
D
I
S
I
I
D
T

D

81
90
60
43
38
36
32
88
23
54
64
76
89
69
34
6
63

91
101
66
49
44
42
38
98
29
60
71
85
99
78
40
9
70

33. 1
22.0
5.0
4.5
3.7
2.7
2.7
1.9
1.7
1.6
1.6
1.2
1.2
1.2
1.2
1.2
1.0
12.5

Dominant 34 species
Intermediate 29 species
Shrubs and climbers 34 species

97 species

16.7%
74.8%

8.5%

* D - dominant; •. - intermediate; S - shrub or climber

** See Table 1
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Table 3

Vegetation. Formation of Lane 1, Test Area 1, Pran Bun
(Data from 8 plots)

Botanical Name

Streblus zeylanica
Memecylon ovatum
Cliestanthus heterophyllus
Euphobia trigona
Mansorua gageJ
Atalantia mor.ophylla
Antheroporum picrrei
Olea maritima
Diospyros caulifiora
Celtis sp.
Manilkara hcxandra
Lagerstroemia loudonii
Hydnocarpus ilicifolius
Millettia leucantha
Lagerstroemia floribunda
Rinorea sp.
30 species, each less than 1%

Ft. Detrick
Category* No. ## No. ** Percent

I
I
I
I
D
I
D
I
I
I
D
D
I
D
D
S

81
60
90
38
43

6
36
67
32
23
59
55
47
63
54

117

91
66

101
44
49

9
42
75
38
29=Ui
65
61
53
70
60

147=U,,

29.2
13.5
11.2
5.5
4.4
3.9
3.7
3.5
3.3
2.5
2.3
2.2
1.9
1. 3
1. 1
1. 1
9.5

Dominant
In'.ermc.diate
Shrubs and climbers

18 species
29 species

7 species
46 species

18.8%
78.2%

3.0%

* D - dominant; I - intermediate; S - shrub or climber

** See Table 1
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Table 4

Vegetanon Formation of Lane II, Test Area 1, Pran Buri
(Data from i 1 plots)

Botanical Name Categn

Streblus zeylaruca I
Cleistanthus hett;rophyllus I
Memecylon ovatum I
Antheroportim pxerr-J. D
Diospyros caulificra I
Celtis sp. I
Mansonia gagei D
Euphobia trigona I
Phyllanthus sp. I
Ventilago calyculata S
Diospyo-o^ sp. D
Gelomum multiflorum 1
Atalantia monophy.Ua I
Mitrepho'i a v/iv.itii I.
Hydnocarpus ilicifolius I
Millettia leucantha D
Lagerstroerma fioribunda D
Diospyros sp. D
Diospyros mollis D
40 species, each l^ss than 1%

Dominant
Intermediate
Shrubs and climbers

Ft
No. #*

81
90
60
36
32
23
43
38
69
88
34

107
9

64
47
63
54
33
31

22 species
21 species
16 species
59 species

Detrick
No. **

91
'.0.,

6?
42
38
2 9 = U j
49
44
78
98
40 = U3

126=Ui3
9

71
53
70
60
39
37

17.6%
77. 1%

5.3%

Percent

30.0
18.9
6.7
4.9
3.3
3.3
3.3
2.7
2.6
1.9
1.7
1.6
1.5
1.5
1.4
1. 1
1. 1
1.0
1.0

10.0

* D - dominant; I - intermediate; S - shrub or climber

** See Table 1
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Tabie 5

Vegetation Formation of Lane III, Test Area 1, Pran Buri
(Data from 10 plots)

Botanical Name

Streblus zeylanica
Cleistanthus heterophyllus
Memecylon ovatum
Euphobia trigona
Mansonia gagei
Lagerstroemia florib'jnda
Diospyros cauliflora
Hydnocarpus ilicifolius
Antheroporum pierrei
Mitrephora winitii
Ventilago calyculata
Atalantia monophylla
Celtis sp_
Phyilanthus sp.
Diospyros sp.
Vitex quinata
38 species, each less than 1%

Category* No. *#
Ft Detrick

No.** Percent

I
I
I
I
D
D
I
T

D
I
S
I
I
I
D
I

81
90
60
38
43
54
3Z
47
36
64
88

6
23
69
34
89

91
101
66
44
49
60
38
53
42
71
98

9
29=Ui
78
40=U3
99

35.3
17.5
8.2
4.2
4.0
2.9
2.5
2.5
2.3
2.0
1. 8
1.5
1.5
1.3
1.3
1.0

10.0

Dominant
Intermediate
Shrubs and -limbers

19 species
22 species
13 species
54 species

15.5%
80.0%
4.5%

D - dominant; I - intermediate; S - shrub or climber

** See Table 1
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Table 6

Vegetation Formation of Lane IV, Test Area 1, Pran Bu- i
(Data from 9 plots)

Botanical Name

Streblus zeylanica
Cleistanthus heterophyllus
Memecylon ovatum
Mansonia gagei
Euphobia trigona
Antheroporum pierrei
Diospyros cauliflora
Cleistanthvis sp.
Phyllanthus sp.
Mitrephora winitii
Ventilago calyculata
Lagerstroemia floribunda
Celtis sp.
Sphenodesma pentandra
Vitex quinata
Hydnocarpus ilicifolius
Atalantia monophylla
Capparis thorelii
Strychnos thore'ii
Diospyros sp.
Diospyros mollis
30 species, each less than 1%

Ft Detrick
Category* No. * No. ** Percent

I
I
I
D
I
D
I
S
I
I
S
D
I
S
I
I
I
S
S
D
D

81
90
60
43
38
36
32
14
69
64
88
54
23
76
89
47

6
20

133
34
31

91
101
66
49
44
42
38
19
78
71
98
6C
29=Ui
85
99
53

9
25

172
40=U3

37

30.7
15. 1
6.2
5.2
5.0
3.7
3.4
3. 1
2.9
2.3
x. 9
1.9
1.7
1.7
1.4
1.3
1.3
1. 1
1. 1
1. 1
1. 1
6.9

Dominant
Intermediate
Shrubs and climbers

19 species
18 species
14 species
51 species

16.9%
71.8%
11.2%

* D - dominant; I - intermediate; S - shrub or climber

** See Table 1
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Table 7

Vegetation Formation of Lane ^r, Test Area 1, Pran Buri
(Data from 10 plots)

Botanical Name

Streblus zeylanica
Cleistanthus heterophyllus
Mansonia gagei
Diospyros cauliflora
Euphobia trigona
Sphenodesma p»:n~ar.cra
Vitex quinata
Ventilago calycr. iaf.a
Antheroporum pu r.r*-.i
Memecylon ovatum
Lagerstroemia flor;banda
Mitrephora winitiJ
Lagerstroemia Icudomi
Phyllanthus sp.
Celtis sp.
28 species, each less than 1%

Category*

I
I
D
1
I
S
T

S
D
1
D
I
D
I
I

No.**

81
90
43
32
38
76
89
88
36
60
54
64
55
69
23

Ft Detrick
No.**

91
101
49
38
44
85
99
98
42
66
60
71
61
78
29-Ui

Percent

29.9
25. 1
4. 1
3.9
3.7
3.7
3.2
3.2
2. 1
2.0
2.0
1.9
1.4
1.4
1.4

Dominant
Intermediate
Shrubs and climbers

17 species
18 species
18 species
53 species

13.4%
75.2%
11.4%

* D ~ dominant; I - intermediate; S - shrub or climber

*# See Table 1
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Table 8

''"egetation Formation of Lane VI, Test Area 1, Pran Buri
(Data from 9 plots)

Botanical Name

Streblus zeylanica
Cleistanthus heterophyllus
Mansonia gagei
Euphobia trigona
Diospyros cauliflora
Celtis pp.
Mitrephora winitii
Ventilago calyculata
Antheroporum pierrei
Diospyros sp.
Lagerstroemia loudonii
Sphenodesma pentandra
37 species, each less than 1%

Category*! No.**

I
I
D
I
I
I
I
S
D
D
D
S

81
90
43
38
32
23
64
88
36
34
55
76

Ft Detrick
No.**

91
101
49
44
38
29=Ui
71
98
42
40=U3

61
85

Percent

42.4
21.6
8.3
3.5
3.5
2.2
2. 1
1.9
1.7
1.5
1.3
1.2
9.0

Dominant
Intermediate
Shrubs and climbers

16 species
18 species
15 species

16.3%
78.8%
4.9%

# D - dominant; I - intermediate; S - shrub or climber

** See Table 1
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Table 9

Vegetation Formation of Lane VII, Test Area 1, Pran Buri
(Data from 6 plots)

Botanical Name

Streblus zeylanica
Cleistanthus heterophyllus
Diospyros sp.
Mitrephora w.initr
Antheroporum pie ire;
Euphobia trigona
Lagerstroemia floribunda
Millettia leucantha
Vitex pinnata
Diospyros mollis
22 species, each less than 1%

Ft Detrick
Category* No. ** N£. ** Percent

I
I
D
I
D
I
D
D
D
I

81
90
34
64
36
38
54
63
85
31

91
101
40=U3

71
4Z
44
60
70
95=100
37

37.7
32.2
5.0
4.6
2.3
2. 1
1.8
1.7
1.5
1.2
9.9

Dominant
Intermediate
Shrubs and climbers

15 species
15 species
2 species

32 species

16.7%
82.8%

0.5%

* D - dominant; i - intermediate; S - Shrub or climber

bee Table 1
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Table 10

Vegetation Formation of Lane VIII, Pest Area 1, Pran Buri
(Data from 5 plots)

Botanical Name

Streblus zeylanica
Cleistanthus heterophyllus
Drypetes sp.
Memecylon ovatum
Euphobia trigona
Mansonia gagei
Lagerstroemia floribunda
Vitex quinata
Antheroporum pierrei
Sphenodesme pentandra
Ventilago calyculata
Zizyphus oenoplia
Diospyros cauliflora
Manilkara hexandra
Diospyros mollis
36 species, each less than 1%

Category*
Ft Detrick

No.** No.** Percent

I
I
s
I
I
D
D
I
D
S
S
S
I
D
D

81
90
105
60
38
43
54
89
36
76
88
91
32
59
31

91
101
123
66
44
49
60
99
42
85
98
102
38
65
37

29.2
26.8
5.9
4.7
4.5
3.4
2.6
2.3
2.3
1.8
1.7
1.7
1.5
1.3
1. 1
9.3

Dominant
Intermediate
Shrubs and climbers

22 species
15 species
14 species
51 species

15.3%
70.9%
13.8%

* D - dominant; I - intermediate; S - shrub or climber

** See Table 1
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Table 11

Vegetation Formation of JLane IX, Test Area 1, Pran Buri
{Data from. 6 plots)

Botanical Name

Streblus zeylanica
Cleistanthus heterophyllus
Mansonic gagei
Diospyros molli s
Antheroporum pierrei
Niemecylon ovatum
Vitex pinnata
Ventilago calyculata
Mitrephora winitii
Grewia tomentosa
Euphobia trigona
Lagerstroemia floribunda
Celtis sp.
Diospyros sp.
Manilkara hexancira
Lagerstroemia loudonii
19 species, eacn less than 1%

Category
Ft Detrick

No. ** No. ** Percent

I
I
D
D
D
I
D
S
I
I
I
D
1
D
D
D

81
90
43
31
36
60
85
88
64
44
38
54
23
34
59
55

1

91
10)
49
37
42
66
95=100
98
71
50
44
60
29=11}
40-U3
65
61

38.6
28.3
6.3
2.4
2.3
1.9
1.8
1.8
1.7
1.7
1.5
1.5
1.3
1.3
1.2
1. 1
5. 1

Dominant
Intermediate
Shrubs and climbers

19 species
13 species
3 species

35 species

21.3%
76.8%

1.9%

* D - dominant; I - intermediate; S - shrub or climber

** See Table 1
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Table 12

Vegetation Formation of Lane X, Test Area 1, Pran Buri
(Data from 4 plots)

Botanical Name

Streblus zeylanica
Cleistanthus heterophyllus
Mansonia gagei
Memecylon ovatum
Manilkara hexandra
Euphobia trigona
Antheroporum pierrei
Celtis sp.
Ventilago calyculata
Millettia leucantha
Sphenodesma pentandra
Atalantia monophylla
Diospyros cauliflora
Memecylon floribundum
32 species, each less than 1%

Category
Ft Detrick

No.** No.** Percent

I
I
D
I
D
I
D
I
S
D
S
I
I
I

U
90
43
60
59
38
36
23
88
63
76
6
32
58

91
101
49
66
65
44
42
29=U1
98
70
85
9
38
64

37.2
28.5
3.8
3.1
2.5
2.3
1.8
1.6
1.6
1.5
1.3
1.9
1. 1
1.0

Dominant
Intermediate
Shrubs and climbers

17 species
18 species
11 species
46 species

15. 2%
78.9%

5.9%

D - dominant; I - intermediate; S - shrub or climber

** See Table 1
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Table 13

Vegetation Formation of Lane 2 I, Test Area 1, Pran Buri
(Data from 5 plots)

Botanical Name

Cleistanthus heterophyllus
Streblus zeylanica
Memecylon ovatum
Euphobia trigona
Mansonia gagei
Manilkara hexandra
Celtis sp.
Capparis thorelii
Antheroporum peirrei
Lagerstroemia floribunda
Diospyros cauliflora
Cleistanthus sp.
Ventilago calycuJata
Millettia leucantha
Atalantia monophylla
47 species, each less than 1%

Category
Ft Detrick

No.** No.** Percent

I
I
I
I
D
D
I
S
D
D
I
S
S
D
I

90
81
60
38
43
59
23
20
36
54
32
14
88
63
6

101
91
66
44
49
65
29=Uj
25
42
60
38
19
98
70
9

27.9
24.4
10.5
4.7
2.7
2.0
1. 5
1.5
1.5
1.5
1.4
1.3
1.2
1. 1
1.0

16.9

Dominant
Intermediate
Shrubs and climbers

21 specie0

21 species
20 species
62 species

iZ.6%
74.5%
10.0%

* D - dominant; 1 - intermediate; S - shrub or climber

** See Table 1
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Table 14

Data Summary

No.
* Category
** Phenology
Ft . Det r ick

Lane No I
(8 sample plots)
Lane No. II
( 1 1 sample plots)

ane No. Ill
0 sample plots)

Lane No. IV
(9 sample plots)
Lane No. V
{ 1 0 sample plots)
Lane No. VI
(9 sample plots)
Lane No. VII
(o sample plots)
Lane No. VIII
(5 sample plots)
Lane No. IX
(6 sample plots)
Lane No. X
(4 sample plots)
Lane No. XI
(5 sample plots)
No. of vjtems

PC rcent

Rank
(1 through 17)

2
D

DD
3

1

-

.

1

-

_

3

1

2

-

-

8

. 04

4 6 8 9
S I S S
- E E -

b 9 1! 13

- 52 - -

- 35 13 3

- 28 8 -

2 27 4 -

1 28 - 1

2 13 - 3

5 - -

1 3 8 1

2 - -

- 14 1 1

- 12 10 -

6 219 44 9

.03 1.17.24 .05

16

10
S
E

14

*•

5

2

20

14

10

-

4

-

.

9

64

.34

12
S
E
17

3

1

1

-

3

3

-

-

1

-

-

12

.06

13
D

DD
18

_

-

-

4

-

2

1

8

6

6

6

33

.18

14 16
S S

DD
19 21

6

8 6

c

65

13 2

1

-

13

-

1

15

125 9

.67 .05

18 20
S S
Z E

.23 25

1

2 7

2 8

- 24

- 26

1 6

1

9

-

4 11

3 17

13 109

.07 .53

22 23
S I

E
28 29

- 34

- 73

- 28

- 35

- 39

- 57

6

3

- 15

- 19

5 17

5 326

.03 1.74

9

25
I
E

31

4

13

4

1

2

8

3

3

2

-

1

41

.22

28
S
-

34

_

3

2

8

15

7

-

2

-

-

8

45

.24

29 31
D D

DD DD
35 37

5

- 22

- 17

- 23

1 14

19

7

18

27

3

6

1 161

.01 .86

32
I
E

38

44

74

47

72

11?

89

-

25

6

13

16

498

2.o6

7

33
D
E

39

1

23

7

10

9

5

2

1

2

8

10

78

.42

34
D
E

40

8

37

24

24

26

38

30

2

15

11

7

222

1.19

15

35 36
I D

DD E
41 42

- 49

2 109

1 43

- 79

- oO

- 45

- 14

- 38

- 25

- 21

- 17

3 500

.022.67

6

37 38
I I
E E

43 44

1 74

3 60

1 77

1 105

- 104

- 89

- 13

- 76

- 17

- 27

1 55

7 697

3.73

5

39
D

DD
45

..

-

1

-

-

-

-

1

-

1

1

2

.01

:;: D - dominant . I - in termediate , S - sh rub or c l imber ** DD - deciduous, E - evergreen, -- doub t fu l



Table 14 (Cont. )

No.
* Category
** Phenology
Ft. Detrick

Lane No. I
(8 sample plots)
I anc No. II
(1 1 sample plots)
Lane No. UI
( 1 0 sample plots)
Lane No. IV
(9 sample plots)
Lane No. V
(1 0 sample plots)
Lane No. VI
(9 sample plots)
Lane No. VII
(6 sample plots)
Lane No. VIII
(3 sample plots)
Lane No. IX
(6 sample plots)
Lane No. X
(4 sample plots)
Lane No. XI
(5 sample plots)
No. of Stems

Percent

H a n k
(1 t h r o u g h 17 )

40
I

DD
46

5

3

6

4

3

3

1

5

-

4

-

34

.18

41
D

DD
47

_

-

6

5

16

12

1

6

3

10

2

61

.23

42 43
S D

E
48 49

- 59

- 69

- 74

- 110

- 116

- 213

-

- 57

- 72

8 , 45
>

- 32

8 84.7

.04 .4.53

4

44
I
-

50

1

4

1

1

1

1

-

-

19

2

3

33

.18

45
S
-

51
_

-

-

4

17

4

-

2

-

-

2

29

.16

47 49
I S
S -

53 55

26

31

46

28

28 1

2

2

1

3

1

-

166 3

.89 .02

51
D

DD
57

_

1

2

4

5

-

-

-

-

-

1

13

.07

52 54
S D
E DD

58 60

1 14

- 25

- 54

- 40

- 56

- 13

- 11

- 44

- 17

6

- 17

1 297

.01 1.59

10

55 56
D S

DD E
61 62

29

15

4

13

41 2

34

5

10

13

8

5

117 2

.95 .01

57 58
S I
E E

63 64

3

1

- 11

1 2

-

-

5

-

-

- 12

2

6 31

.03 .17

59
D
E

65

30

8

9

6

4

5

3

22

14

29

23

153

82

60
I
E

66

180

147

152

131

57

8

6

79

22

37

123

942

5.04

3

61 63
S D
E DD

67 70

- 18

1 25

- 18

4 19

- 19

- 23

- 10

- 16

- 11

- 18

- 13

5 190

.03 1.02

17

64 65
I S

E E
71 72

f

34 3

37

48

53 2

54

28

9

19

1

6

295 5

1.58 .03

11

66
I

DD
73

4

6

13

2

10

10

2

3

3

7

5

65

.35

67 69
I I
E DD

75 78

46 11

10 58

2 25

- 61

- 41

- 18

1

4

5

3

2

58 229

.31 1.22

!4

70
D

DD
79

.

-

_

_

.

_

1

_

_

5

6

.03



Table 14 (Cont.)

00

No.
* Category
** Phenology
Ft. Detrick

Lane No. I
(8 sample plots)
Lane No. II
(1 1 sample plots)
Lane No. Ill
(1 0 sample plots)
Lane No. IV
(9 sample plots)
Lane No. V
(10 sample plots)
Lane No. VI
(9 sample plots)
Lane No. VII
(6 sample plots)
Lane No. VIII
(5 sample plots)
Lane No. IX
(6 sample plots)
Lane No. X
(4 sample plots)
Lane No. XI
(5 sample plots)
No. of Stems

Percent

Rank
(1 through 17)

72
S
E

81

—

-

6

4

4

.

-

5

-

.

1

20

.11

73
D

DD
82

_

-

1

-

4

-

-

2

4

1

1

13

.07

74
D

DD
83

1

I

1

2

1

-

1

.

1

-

2

10

.05

75 76
I S

DD E
84 85

1

5

3

- 35

- 104

- 30

4

- 31

-

- 15

9

5 232

.03 1.24

12

77
D

DD
86

2

2

o

2

3

5

2

4

1

2

2

31

.17

78 79
D D

DD DD
87 89

2

1 6

1

1

-

-

-

9

1

-

1

3 19

.02 .10

80 81
I I
E E

90 91

- 390

- *63

- 652

- 650

- 849

13 1094

2 228

- 491

- 439

- 441

- 286

16 6183

.09 33.05

1

84 85
D D
E E

94 95

8

1 7

1 10

-

-

1

9
'

1

- 20

8

4 3

6 67

.03 .36

86 87
D D

DD DD
96 97

- 12

- 10

-

- 13

-

1

2

7

-

4

- 23

10 62

.05 .33

88
S
E

98

12

43

33

41

90

49

2

28

20

19

14

351

1.88

8

89 90
I I

DD E
99 101

12 149

19 418

19 323

30 319

92 714

9 557

- 195

39 452

- 322

4 338

7 318

231.4105

1.23 21.95

13 2

91 92 93
S D I

DD DD E
102 103 104

1

6 2

3

2

4

.

.

28 2 -

.

3 - 1

5 - 1

5 2 4 2
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: Table 14 (Cont. )
j

No. 101 102 105 107 109 111 114 115 116 117 118 125 127 128 '.32 13? 135 139 140 141 143
-Category
#* Phenology
Ft. Detrick

Lane No. I
(8 sample plots)
Lane No. II
(11 sample plots)

i Lane No. Ill
I (10 sample plots)
) Lane No. IV
I (9 sample plots)
1 Lane No. V
S (10 sample plots)

r; Lan^ No. VI

i w sampir p 'ois j
Lane No. VU

1 (6 san pie plots)
i I.ar No. VIU
\ ,b si nj. > plots)
* ^ane No. IX
f (6 sample plots)
-* Lane •••o. X
V i ->ample pl">'.s)
., Lane No. '-'.i
I '& sample plots)

i.1 01 "' '•.mi
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I
E
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-

-

-

-

-

-

-

-

-

'L
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31
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36 - - 6

1 1

1

1
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.

. 9 9 .
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1 4 . . . 9
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.01 .58 .20 .03 .01 .17

I
DD
145

-

3

-

2

-

1

-

-

-

2

-

8

.04

D
E

146

4

5

7

1

5

4

-

2

-

4

2

34

.18

S I S S S D S S S S S D
E E E - - D D E - . . . D O

'47 148 157 159 161 171 172 ] 74 179 180 181 183

14

8 - 2 - - 1
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i

i

• • - 5 1 - 1 1 1 4

31 6 2 5 - 1 1 5 0 7 1 3 4 5

.17 .03 .01 .03 .01 .01 .27 .04 .0' .02 .02 03

TOTAL
97 species

1.335

2 ,203

1, 845

2, 115

2, 843

2, 580

60S

1, 604

1. 13o

1. 186

1, 174

18, 706

100. l i %
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Table 15

Summary of Formation and Phenology

Item

Total species in the test area I

Total species were counted in 83 plots

Percent formation in plots (%)

Dominant

46

34

17

Intermediate

35

29

75

Shrubs

64

34

8

Totals

145

97

100

Phenology

Deciduous species (in 83 plots)

Percent formation (%)

Evergreen species (in 83 plots)

Percent formation (%)

Doubtful species (in 83 plots)

Percent formation (%)

TOTAL

24

11

9

6

1

1

17

7

3

21

71

1

1

75

3

2

18

5

13

2

8

34

16

48

82

15

3

100
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(2) The TCDD Problem in South Vietnam

TCDD in Soil and Fish and Shellfish from Southeast Asia

TCDD (see Section II C[4]) occurs as a contaminant of 2,4,5-T; the
herbicide most widely used in the Vietnam war. This Section briefly
reviews the present status of the TCUD problem in SVN.

When the Committee's field studies were being planned and carried
out we were not in the possession of information regarding the extent
and distribution of the use of Agent Orange and thus the possible distribu-
tion of TCDD in SVN. Nor were there methods available to detect it at the
low levels of concentration which might be found after spraying in soils,
plants, and animal tissues. Analyses were carried out for the soil samples
from the Pran Buri Calibration Grid which had received a total of almost
1000 Ib/acre of 2,4,5-T in 1964-65 (see Section V A). The analyses were
conducted by the Huntingdon Research Centre, using the method described
by Woolson e_t a 1. (I.y73) , and the results, compared with data on
2,4,5-T, are shown in Table VII A-3. Three of the six samples contained
TCDD. Two of these also contained 2,4,5-T, but the third did not, nor
was TCDD detected in the sample with the highest 2,4,5-T content (No. 3).
Two samples from a site which was as far as could be ascertained, out-
side the Calibration Grid perimeter contained neither compound. Assuming
firstly that no degradation of the TCDD took place, and secondly that
the recovery was 100 percent, the original concentration of the TCDD in
the Agent Orange (2,4,5-T ester) sprayed on the Calibration Grid would
range from <3 to 50 ppm. The soil of the Calibration Grid was sandy,
and therefore favorable for leaching, but the high persistence of TCDD
in soils of this type agrees with the results of experimental tests
(see Section II C[4]}.

At a time when the Committee was reaching the end of its investiga-
caons, Baughman and Meselson (1973) developed their new, highly sensitive
analytical method for the compound and reported to have found TCDD in
fish and shellfish from SVN. Their results are shown in Table VII A-4.
The highest concentrations were found in fish samples from the Dong-Nai
River above Bien-Hoa. Lesser quantities were found in fish and shell-
fish samples from the Saigon River north of Saigon, and from the sea-
coast at the Can-Gio District, in the southeastern end of the Rung Sat
Special Zone. All samples were collected in 1970 and analyzed in 1973.
The watershed of the Dong-Nai River includes the heavily sprayed War
Zone D north and northeast of Saigon. The Saigon River drains parts of
War /one C, to the west of War Zone D. The number of samples studied by
flaughman and Meselson (1973) is quite small and no samples were taken
from rivers in SVN which did not drain heavily herbicide-sprayed areas,
nor from locations elsewhere in Southeast Asia. The only control used
was a fish from Cape Cod; no TCDD was detected in this material (limit,
0.000003 ppm). However, the pattern of the TCDD levels found is
consistent with origin in Agent Orange. Baughman and Meselson
(personal communications) analyzed their samples also for hexa-
chlorodioxin and 1,3,6,8-tetrachlorodioxin which should be present
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Table VII A-3

Results of TCDD Analyses in Soil Samples from the

Calibration Grid near Pran Buri

TCDD 2,4,S-T.
Sample No.

j_

2
3
4
5
6

Controls

1
2

ppm

<0.0012
0.0135
<0.0012
0.0233
<0.0020
0.0052

<0.0012
<0.0012

Ib/acre

<0.003
0.042
<0.004
0.060
<0.006
0.016

<0.003
<0.003

ppm

<0.02
<0.02
0.61
0.43
0.02
0.04

<0.02
<0.02

lb/acre

<0.03
<0.03
1.35
0.96
0.06
0.09

<0.02
<0.02

Only the top portions (ca. 20 cm) of the cores were
analyzed for TCDD. The center portion of Core No. 2
contained no detectable TCDD (<0.0012 ppm).

Table VII A-4

TCDD in fish and shellfish from SVN.
(After Baughmar. and Meselson, 1973)

Collection Site

Dong Nai River,
north of Bien Hoa

Saigon River,
north of Saigon

Can Gio District
(seacoast)

Fish or Shellfish

Carp (Cyprinidae)
Catfish (Siluridae)
Catfish (Tachipuridae)

Catfish (Schilbacidae)
River prawn (Palaemonidae)

Croaker (Sciaenidae)
Prawn (Penaeidae)

Mean TCDD level
(ppm wet body weigh

0.000540
0.000814
C.000522

0.000070
0.000042

0.000079
0.000018

Collections were made in August-September 1970. The entire fish
or shellfish was ground and kept frozen until analysis. Values
corrected for recovery.
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According to the authors, perhaps the greatest contribution to
species identification that color film maXes is the hue- chroma com-
bination. It is interesting to note that before takinr, the test,
most of the interpreters had a preconceived notion that tree images
would appear r;reen or blue <.;reen with a few preen yellows. The
data showed, however, that most of the species were tallied as
yellow to f;reen yellow and that only two approached a r^reen hue.

On the ba^is of the test, accurate identification of individual
tree species requires color film at a photo scale of l:15fi'* or
larrer. Kven on color filrr., the 1:39̂ 0 scale produced fairly low
accuracies of interpretation (63 percent).

The cost of usinr, color filn at lart',e scales should be little
more than that required for panchromatic filn. While color film
costs five tir.es as much as pin chromatic film, the important point
is that film cost i:; only a snail part of the total cost of aerial
photo.-'rapir . aircraft costs, standby time for the flir.ht
crew, elimination o:' Lhu r.eed for prints, and reduction of photo
handli.M,' by interpret!:! • color film in rolls are considered, the
'jy.tr a cost of color ; iln is minor. Increased interpretation ac-
ruracy on color r'iLn we old counter balance any sli~ht increase in

idr . 'LL re for o : ; . - < . • . ,
-* fort:st,;; r t ro j.is

to ri*'ri;d. f iho to -raphy of tropical and
,--• 1 in the Biblio,-raphy (Part III).

:•;..;;.; M;H II^.-OLIA::?.- IN

I n :,'cvor-.tjer J ' -

: -Vu-via.vi , or..! a .V ru .

jcc:.-:TYi:.ied by Colonel '.'ivcm of CLTC, Lieut.
Llr.y: ..>u, attache.! *.o trc- :< Lo lo . - i c ro l Luaorat-rry at Fort Detrirk,

.,t rar.-er f rom the Thai Forest Department, we
f •-• . i - 1 , ' " ( • ( ' . acre test-site near Pranburi, upper

• ".'i j : ; ; , ' d a . A'- that *.rv a j.orics of trails had been opened, to
f ' i - i J i ' . at,f j I ' l ' . i . - t r - i t i , : ' : \ : . r . r t , t ; e 'jj-ea. At-rioi spraying ha/i not yet

I:: f . - i r Jy ;'--::rr-!v I • • ' ^ , .,". Robert A. Darrow, of the Biolor.icol
; / . • :-;it( ry a% :-r,rt : • ' : : - : • • • : , ."..u-yla.'i'.i, w h r > has cherre ot tne te-.ts,
; : , ; i ' . ' - j :",'.• t . - j a-:,-:.T.T;a-.y r.l". on a one-day survey of l.ne s j te .

I;: t r . C ' iv-r::i;- : ve ir.spectcd several trails opened to mal<e close-
'.; , v i . . ua i st. : i l t ; s f f T.I/J t - f f e c t of chc-ldals on d i f fe ren t plants,
':.:..: t - ' (i'jtt.-!"" i :.e tr;r . ; t - e - ? i u s t : a t hod survived or showed semblance o'.
r - - -r ' .vth. Cr: s.: t - r a L l s nrv : also ncen opened to SCL up a series of
•••! .-••:• ' ! . , . at i:.ti_-rvU.o :.:' a:.;:ut v<"> feet , to obtain a photographic re-
c ' . r : c.f t . i • • i .or.etraL ic:. of su.-cessive ar;:lications, a:id to aet.er:r.ine
t . ; . i _ - r p - : J J tfU'.*. e f fe : : t or. t:".*.• YC 'etation.
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In the afternoon, we made a series of runs, in the plane used
or .spraying, over various plots in the test-site, to observe from

,he air the effect of defoliants on the vegetation, especially to
raprove air-to-ground visibility.

Chemical defoliants modify the general appearance of vegetation
Fig. 130), induce desiccation of stems, branches and bark, and
•ecult in the partial or complete shedding of leaves (Fig. 133).
'*'C vegetation assumes an over-all light grayish tone (Fig. 134).
.jere is improvement in ground-to-ground visibility. However, the
ried stems of shrubs and trees which remain standing continue to
rovido come cover for ambush. An enemy can still be camouflaged
o blend with the changed color of the vegetation, which wovJd make
etection even on the ground, and especially from the air, difficult.
hen seen from an altitude of upwards of 1,000 feet, the grayish
reused swaths are sharply defined from the untreated strips in be-
ween. There is a decided improvement in air-to-ground visibility,
.-.pecially at an olitiude of 1,000 to 2,000 ft., RS a means to spot
bjects moving on the ground.

The most widespread and tallest plant pests in Thailand, Vietnam
.nd adjoining countries are: L-jpatorium odoratum, known in Vietnam
:; 'yen-bach1; Impcrata cyiiniLrica, called 'traiih1 in Vietnam, or
/. hn-luang' in Thailand; &icciipruri of f icir.arun, 'nia1; and a species
!' graos, Heyraudit.. The fir.st two-named are especially common along
'.."-•Jways, trails, in forest clearings, and in fact almost everywhere
n'-re there (ire open sites. Tr.ey grow up to 2 or '» feet all, and
r- .v ide ideal sites for arnb.ish, even where a helicopter nay land.
.vi.-;e plants can, no doubt, be controlled effectively or eradicated
/ t i c ; application of chemicals.

When we realize the great expanse and wide diversity of vegetation
:, Vietnam, Thailand and in the adjoining countries we recognize the
r - r r . r - l e x and d i f f i cu l t problems involved in attempting to blanket a
"j'«',e area vi tn defoliants. It seen^ that the application ^f such
:,<•: . ! ) ' cols would be most practical to suppress or to eradicate the tall
r>:.,:;e:j, especially Tjnperala rylin iri ca and such veeds aj Eupatorium
:< rat'j;-i, cc.rsmon along highways , railrcxids, canals, streams and

Defoliants could be applied7'jrr., i n forest clearings and savannas.
•;uj,j,re:i:; ujidergrowth in rubber plantations; veeds around airports

; e:,{>ocial-ly laridi^ sites used by helicopters; stora<;e areas;
' -u r ;d h.'unLc-t.;; and particularly around troop concentrations and
1. '. tary



E. TASK FORCE SAIGON EVALUATION, 1963

1. In September 1963, a Task Force Saigon team was established by
the Commander, U. S. Military Assistance Command, Vietnam, at the
request of the Departments of State and Defense, to evaluate the herbi-
.cide operations conducted in the P.epublic of Vietnam from September
1962 to September 1963. The evaluation included nine defoliation
targets, all of which were along lines of communication. The survey
showed that the averape percentage visibility over the range of the nine
target contiguous areas was about 40% vertical (range 25 - 75%) and
30% horizontal (range 15 - 60%). The average percentage of visibility
over the range of the corresponding defoliated areas was about 30%
(range 60 - 90%) and 75% horizontal (range 50 - 85%). The T/F Saigon
team's survey showed an increase in the horizontal visibility over that
estimated by the earlier ARPA's team, but the vertical visibility
estimates were the same. COMUSMACV concluded that defoliation
operations had a definite military value and recommended the program
be continued. Both State and Defense Departments subsequently
approved the program and it continued to increase in magnitude and
effectiveness through the remainder of the year.

F. THAILAND TESTS, 1964 - 1965

1. Jfc»BB*pPPf«PKm was conducted in Thailand in 1964 and 196E
determine th^ effectiveness of aerial applications of Purple, Orar
other candidate chemical agents in defoliation of upland ~JUHf[e vegeta-"

ittMPNprei santative of Southeast Asia on duplicate 10-tacre plots. Aerial
spray treatments were applied at --ates of 0. 5 to 3. 0 gallons per acre
on two test sites representing tropical dry evergreen forest and secondary
forest and shrub vegetation. Applications were repeated in alternate 2-
to 3-month period to determine minimal effective rates and proper
season of application.

a. Applications of Purple, Orange, and Pink at rates of 0. 5
to 3. 0 gal/acre were made in alternate 2- to 3-month periods to determine
minimal effective rates and proper season Vf application. Cacodylic acid
and other desiccants and herbicides were evaluated in dry season and
rainy season applications. Treatments were made on duplicate 10-acre
plots, approximately 300 by 1500 feet.

b. • Defoliation effectiveness was evaluated by visual estimates
of overall vegetation and individual species defoliation, measurements
of changes in canopy obscuration by a vertical photography technique,
and measurements of changes in horizontal visibility of a human- sized
target at various range^,. Data provided by these techniques were used
in comparative evaluation of defoliant chemicals in relation to rate,
volume, season of application, canopy penetration, and .'egetation
response. Results of the test program showed that:
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If 2,4-D were applied to a moist loam soil under
summertime temperature at a rate of 0.5 to 3 pounds/acre (lb/A), it
would disappear in 7 to 30 days (37). If applied at rates of 4 to 55
lb/A, it would probably disappear in one to three months (22). If
2,4-D were applied to the soil at a concentration of 500 ppm and
disappeared at a rate proportional to the breakdown of 55 lb/A, the
calculated time would be 5.6 years. However, there is evidence that
a more realistic time for inactivation of 500 ppm would be less (4).

Persistence of 2,4,5-T in soils is usually two to
three times longer than 2,4-D (22), and very few organisms have been
identified as having the ability to breakdown the 2,4,5-T molecule
(2). Newton (46) has calculated from studies on the kinetics of
degradation by microorganisms that 2,4,5-T has a half-life of seven
weeks in the forest floor. Investigations by Winston and Ritty (59)
and Reigner et al (51) indicated that both 2,4-D and 2,4,5-T are
decomposed to form carbon dioxtde, inorganic chlorides and water;
objectionable chlorophenols are not end-products of this decomposi-
tion. Further supporting evidence has been provided by Reinhart
(52). The upper half of a 60 acre timber watershed in northern West
Virginia was logged and treated with 2,4,5-T ester to kill all vegeta-
tion. The volume of herbicide that was applied was 1,325 gal on 30
acres (418 liters/ha). Almost 790 gal of this were potential contami-
nating materials: about 740 gal of diesel oil and 50 gal of a commer-
cial formulation of 2,4,5-T (313 pounds acid equivalent). Reinhart
found np_ odor contaminants (phenols or catechols) in the numerous
water samples taken from the stream draining the treated watershed.

In relation to the effects of herbicides on the soils
of South Vietnam, the National Academy of Science published a report
by Blackman et al (11) on persistence and disappearance of herbicides
in tropical soils. The 1974 report stated a number of general con-
clusions, namely:

1. The behavior of herbicides in the soils of
South Vietnam was similar to that reported for soils elsewhere.

2. Only where 2,4-D and 2,4,5-T were applied in
very massive doses; e.g., at the-
at rates in the magnitude of 1,000 Ib/A, were there still residues
(10 years following application) in concentrations above the threshold
likely to induce phytotoxic symptoms in some plant species.

3. When applied to mangrove soils at total
doses approaching 10 Ib/A of 2,4-D and of 2,4,5-T, the level of
herbicide residue at the end of 30 weeks had no effect on the estab-
lishment of two major mangrove species.

4. In geographical areas subjected to one or
two military herbicide missions 1.5 years before sampling, no soil
phytotoxic residues could be detected.
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shiner and mosquito fish. The sample of mosquito fish consisted of
bodies with heads and tails removed. Two samples of sailfin shiner
were analyzed: one containing viscera only and the other bodies less
heads, viscera and caudal fins. Only the viscera contained TCDD.
Samples of skin, muscle, gonads, and gut were obtained from spotted
sunfish, from the test grid pond. Levels TCDD in those body parts
were 4, 4, 18 and 85 ppt, respectively. Gross pathological observa-
tions off the sunfish revealed no significant lesions or abnormalities.

••'.., 2- Residues in Soils
«•»

'% The National Academy of Science (15) reported finding
TCDD concentrations of <1.2 to 23.3 parts per billion (ppb) in soil
of the Î HWWff̂ iPWIrwWWFirtt̂ fNî ŵî iwan area used in cali-
brating RANCH HAND aerial equipment. Wool son et al (60) found no
residues in 1971 in Lakeland sand which had received 947 Ib/A of
2,4,5-T during 1962-1964. These unusually high doses resulted from
testing of aerial application equipment at Eglin AFB, Florida.
Although analysis of the applied material was not conducted, 2,4,5-T
made prior to 1968 probably contained enough TCDD to be detected
throughout the 1-yard of soil profile sampled. Wool son et al suggested
that the lack of detectable residue was due probably to its decom-
position on or in the soil and/or to its transportation by wind
erosion.

•'i Young et al (64) conducted four years of field studies
on the persistence of Herbicide Orange and TCDD when applied at
massive rates to soils. Herbicide Orange "biodegradation" plots were
established in Utah (Air Force Logistics Command Test Range) and in
Florida (Eglin AFB Reservation) using simulated subsurface injection
techniques to place the herbicide 4 to 5 inches beneath the soil
surface in bands 2.5 or 6 inches wide for Utah or Florida, respectively.
An application rate of 4,000 Ib herbicide/A resulted in initial TCDD
residues of approximately 148 ppb and 0.375 ppb in the Utah and
Florida plots, respectively. Figure 1 is a semi-logarithmic plot of
the soil concentration of Herbicide Orange while Figure 2 is a semi-
logarithmic plot of the soil concentration of TCDD in the same field
tests. Using Figures 1 and 2, the half-life data were calculated as
300 and 220 days for Orange, and 320 and 230 days for TCDD for Utah
and Florida, respectively. It should be emphasized again that these
data were from field plots where the herbicide and TCDD were injected
as highly concentrated herbicide in narrow bands beneath the soil
surface. Data on soil penetration of TCDD within the soil profile of
Utah biodegradation plots receiving either 1,000, 2,000 or 4,000 Ib/A
are shown in Table 1 (Unpublished data: Young, A.L., and E.L. Arnold.
1978. Report on TCDD soil penetration studies. USAF Occupational
and Environmental Health Laboratory, Brooks AFB, Texas). Note that
in Table 1, 98 percent of all TCDD was detected in the 0-6 inch
increment of soil, the increment into which the herbicide was applied.
Even in the plots receiving 4,000 Ib/A, the TCDD detected in the 6-12
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B. The Military Use of Herbicides in SVN

Research on 2,4-D, 2,4,5-T and related herbicides began during World
War II > and ^a<^ at that time a clearly military connotation. However,
herbicides were not used for military purposes in World War II. The first,
small-scale military use of herbicides was in the 1950's in the Malayan
"emergency." In the early 1960's the possibility of tactical use of herbi-
cides was given considerable impetus. A number of herbicides were evaluated,
in various combinations, for their phytotoxic effectiveness in SVN. Evalua-
tions were also made in 'WfiflJl'WWrtWlUl 'flU'll Bui*, in Hawaii, and in Puerto
Rico. The Committee was able to use some of the test sites at Pran Buri
for its studies, mainly on persistence of herbicides and their possible
effects on soil, and to observe the present condition of vegetation in
the test sites in Puerto Rico.

(1) The Course of the Military Herbicide Operations in SVN

In SVN, the first military herbicide operations were carried out
in early 1962, and were phased out in 1971. After a relatively slow
buildup from 1962 to 1965, the operations increased rapidly to a peak in
1967, declined, but only slightly, in 1968 and 1969, and dropped sharply
in 1970. According to information from DOD, the last herbicide spraying
by fixed-wing aircraft was flown on January 7, 1971. After this, herbi-
cide operations were limited to spraying around perimeters of the fire
bases, on enemy cache sites, and along land and water communication routes,
and were all carried out by helicopter or on the ground. The last heli-
copter operation under U. S. control was flown on October 31, 1971.

Details of the herbicide operations for the period August 1965
through February 1971 will be given in Sections III A and B; information
not covered in these sections will be discussed in Section III C.

(2) The Herbicidal "Agents" Used

The herbicidal "Agents" used for military purposes in SVN were
identified by code names referring to the color of bands painted on the
containers of the chemicals: Orange, White, Blue, and Purple.

Agent (Drange is a 50:50 mixture of the rv-butyl esters of 2,4-D
({2,4-dichlorophenoxy]acetic acid) and 2,4,5-T ([2,4,5-trichlorophenoxy]
acetic acid). Each gallon of Orange contains 4 Ib of 2,4-D and 4.6 Ib
o* 2,5,5-T on an acid equivalent basis. Orange was the agent used

Acid equivalent is the weight of the acid form of the chemical. This
is used because the weights of various ester or amine formulations vary.
Expression in terms of acid equivalents provides a uniform basis for
comparison of different formulations.


