
I .l !-l

::jil.i.:ì
li) ¡ì

iil..:ii ¡:¡

"i. 
iT ''i 

'11.

f;¡ n r 1-'

REIERT}¡Û[
m U8ftfr¡ìr u{,t, cïiLY

T i !:::
f:i...1

The Effects of
Herbicides in
South V¡etnam
PART B: WORKING PAPERS

FEBRUARY 1974

Effect of Herbicides on Soils of South Vietnam

PAUL J. ZINKE

?

NATIONAL ACADEMY OF SCIENCES



*#fffilF"tg"r

TTIE ETFECTS OF HERBTCTDES TN SOUTH \METNA}4

PART B: .[/,IORKTNG 
PAPBRS

FEBRUARY r-971+

,NRC L¡BRARY

South Vietnam

PROPERTY OF

Effect of Herbicides on Soils of

PAIII, J. Z]NKE

NATTONAI ACADN{Y OF SCIM{CES - NATIONA], RESEASCH COI]NCTL

!üASHn\TGÍON, D. C. 2O4tB



Effect of Herbicid.es on Soil-s of South Vietnam

PAIIL J. ZTNKEA

This report concerns the effect of d.efotiation of vegetation in South

Vietnam (SfnV) on soil properties, exclusive of the acbual herbicid.e content.

Concern has been expressed. that d.efolíation in SVIV for military objectives

may have caused. d.eleterious changes in the assocÍated. soi]. or in the chemieal

and. physical processes of these soils. Some of the hypotheses that have

been expressed. are: (f) soil fertifity may have been adversely affected.,

(Z) irreversibl-e harmful changes that are peculiar to soils in tropical areas

may have oceurred., an¿ (3) there may have been soil erosion wÍth consequenb

permanent soil loss. These are all legitÍmate concerns when one consid.ers

the effect of herbicid.es and. d.efoliation in a broad.er context than that of

nilitary objectives.

The purpose of this report is to document the possible changes that

may occur to soÍl through d.efoliation of the vegetation growing on the soi1,

and. to evaluate the relative seriousness of these changes. The daba pre-

sented. are the results of three fiel-d. visits mad.e to various areas in SVt[

by soil investigators for the purpose of observing firsthand bhe effects of
defoliabion on soils. Soil samples were obtained. during these visits and.

subjected. to various physical and. chemical measurements, which were then

used. to test hypotheses about the effects of d.efoliation on soil properties.
uD". Zinke, a member of the Committee on the Effects of Herbicides in

Víetnam, is AssocÍate Professor of Forestry at the School of Forestry and.
consen¡ation, unÍversity of california, Berkeley, calÍfornia g\Tzo.
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The literature concerning processes in subtropÍcal and. tropical soils was

reviewed. with the objectlve of apprafsing the possible effects of d.efoliatj-on

on soil processes, particularly those that may be d.eleterious. Several

ruan-years of effort by laboratory technicians in analyzing soils and reviewing

literature were imrolved..

SCOPE OF T}{E SOILS ]NVESTTGATTON WORK

Field. Investigation

The objective of evaluating the effect of defoliatÍon on soÍl proper-

ties and. processes implies a relationship between soil properties and"

vegetation. The soils stud.y r,,¡as d.ivid.ed. betueen effects on soils of mangrove

forests and. those of upland. forests, the two main groups of vegetation types

affected. by d.efoliation. SoiI investigatÍon sites were located" in various

places in SVIT and. Thailand. These locations and their characteristics are

presented. in Table ï.

In SVN there were d"ifficulties in getting to ground. locabions typical

of defoliated. areas because of lack of m:ilitary security. For this reason

there are few fÍeld. site focations in d-efoliated. upland forest areas.

However, eomparable areas were sel-ected. in Thailand., uhere it was much

easier to obtain large m.:r¡.bers of soil samples and. rel-ated. vegetation samples

for analysis.

Methods Used. at Field Sites

Since each area represents a soil with a range of properties, and.

since any soiJ. area wiJ-l have varÍation Ín a soil property such as relative

acid.íty (soil reaction or pH), it was necessa?y to take a number of samples

Å
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Site No.

374

38r-387

388r 389,390

391

392 1393 t3g4

395,396

396A

397-402

420

42L

422

424

434

Location

_a
LOCaËr-on

Ban Pa Pae, T.

Sekerat, tr.

Tak, T.

Near Chieng Dao, T.

Chieng Dao watershed
Exp. Station, T.

Doi Suthepr T.

Doi Suthep, I(m 10, T.

Lampang, T.

Dong Xoi, RVN

Pranburi, T.

Pranburi, T.

Sekerat, T.

Lantpang, T.
Mae Moh Teak fa:m

Table I.

and characteristics of
for soil studies -

No. Soil Tlpe of
Samples Veqetation

field investigation sites
Up1and forests

Tlpe of
Soil

Gray brown podzolic

Red yellow podzolic

Podzolic lithosol

Regosol-alluvíum

Gray brown podzolic

Reddish brown podzolic

Latosol & laterite

Historv

Village reserve forest

Old growth forest

Second growth forest

Dipterocarpus alatus

Hoppea-shorea

Ouercus, castanopsisÉ-+

DiptérÖcârpus tuberculatus

Mixed dipterocarp

Second growth forest

Old growth forest

10

72

24

1o

Closed forest Red yellow podzolic

Closed foresÈ Latosol & Iaterite

Open forest RegosoJ-

Open forest Alluvial soil

30 Open forest

20

10

50

L4

20

20

24

Closed forest

Open forest

Open forest

Closed forest

Closed forest

Closed forest

Closed forest

Closed foresÈ Gray podzolic Secondary succession to
bamboo

R5/N - Repr:blic of Vietnam
r - Thailand

b41228 soils analyses on 304 samples



to examine the soil variability. At least for surface soifs, nnrltiple

samples were taken at each soil sampling loeation wherever possible in both

defolÍated and undefoliated areas. It wilt be difficutt to establish any

real effect of a treatment such as d-efoliation on a particular soil property

if it is not an effect that wil-]. show signifieant changes in d.ata measuring

that property.

Soil properties characteristically vary with d-epth, and. where possÍble

samples were obtained. to represent such variation.

Beeause the vegetation of tropical forests may eontain a large propor-

tion of the soil fertility elements on a site, an area representative of

upland. forest, barnboo succession, and. mangrove forest was investigated. to

evafuate vegetation storage of fertil-ity elements.

Thus, an examination was mad.e of surface variability of soil, varia-

tion with depth of the soil, and the weight (Uionass) and fertility element

storage of the vegetation on a known area.

RESI]LTS SOTL STUDIES

Soil Fertilitv koperties: Up1and. Forest Area

The upland forest area sa.npled" in SVI{ ¡,qas located. at Dong-Xoai, and-

represented. a forest that had. not been d.efoliated.. The ad.jacent defoliated.

areas were not accessible beeause of mil-itary action; however, a defoliated.

region in Thail-and. was sampled., The background. fertility storage in forest-

soil situations typicat of SVI{ was sampled. in Sekerat Forest south of Nakhon

RatchesÍma, and- in a transect across Thail-and from Sekerat to Doi Chiengd.ao

north of Chiangmai. The results of this work will be discussed, first in

OF

rl¿"



ferms of the fertility storage of the typical forest-soi1 t¡4pes, the known

effect of d.efoliation ab a site where there rTas a good comparison between

soil und.er d.efol-Íated. and. nond"efoliated. vegetation, and. then a d.evelopment

of possible effects that could. result from a return of all- leaves to the

soil surface. The areas sampled. represented. Closed. forest and. Open forest

as referred to by Rollet (t96ZZ). The locations in the upland forest are

d"escribed. in Table I, and. represent 304 soil samples aL 2) locations in SVN

and Thailand.

Range of Fertility in Upland Forest Soil-s

The fertility elements investigated- in the soil- includ.ed. carbon,

nitrogen, calcium, magnesium, potassíum, sod.ium, and. manganese as exchange-

able cations, and water-soluble phosphonrs. In ad.d.itíon, the pH of the soil
was analyzed., as well as the capacity of the soil to exchange fertility

elements (cation exchange capacity or C.E.C.). These d.ata have been calcu-

l-ated" as total storage of the element in the top 5 cm (2.5 Ln.), and the

storage of elements in the total soiJ- profile to a depth of I m (see Tables

II, III, IV, and. V).

The d.ata indicaüe that the surface soil-s associated. with the Closed.

forest are moïe fertile in some respects than those of the Open forest.

There is more organic matter (represented. by carbon content), more nitrogen,

and. a greater C.E.C. Soils associaüed- with the Open forest tend.ed. to have

more calcium and magnesium stored. in them, but were lower in potassium

storage. These values are all expressed. in gram equivalent (g uq.) weights

of the elements concerned.. In general, the d.enser the forest, the less



Tab1e II.
/

Soil properties representing fertility storage, and factors relevant to ít ín surface
layers of Closed forest (Foret Dense) soils of Southeast Asia analyzed in defoliation
studies. Soils analyses in top 5 crn, (2") of soil reported as Carbon (C) and NÍtrogen (N)
in grams per square meter of soil surface per centimeter depth incrementt and Cation
Exchange Capacity (cEc), and Exchangeable Basesr Càlcium (Ca), Dlagmesium (Mg) r potassium (K),
Sodium (Na) r and Manganese (Mn) r as equivaLents per square meter of soiL surface ¡rer
centímeter deptå increment.

Site No. C

BuIk
N C/N pH Density CEC Ca Mg K Na I{n

381

3824

383

384

385

386

3874

395

396

420b

42Lb

422b

424b

ßþ

517

387

298

369

253

335

L62

345

452

293

148

170

232

405

3.6

4.9

3.7

3.8

4.O

4.O

3.7

4.5

4.3

4.0

6.0

6.9

3.7

5.6

1.0

1.1

1.0

1.0

1.1

L.2

1.1

o.7

0.5

0.9

1.3

1.1

1.0

L.3

1. 48

1. 38

1.08

L.28

o.72

0.96

1.01

L.25

o.92

1.01

0.80

0. 73

0.89

L.54

.18

.89

.07

.13

.11

.r1

.7L

.o4

.01

.02

.55

.50

.04

.61

.09

.27

.08

.10

.06

.08

.39

.03

.02

.o4

.15

.18

.06

.30

.04

.09

.03

.o4

.02

.04

.19

.03

.03

.02

.04

.04

.02

.02

.0I

.0L

.00

.00

.00

.01

.02

.or

.00

.or

.00

.00

.0I

.00

.02

.13

.00

.01

.02

.03

.10

.00

.00

.02

.03

.03

.01

.03

36 t4

35 1r

23 13

30 L2

20 13

28 L2

15 11

25 L4

23 20

22 13

13 It

15 l_r

19 L2

22 18

MEÀN 247 23 4.5 1.0 1.08 .28 .13 .05 .005 .030

a 382, alrd 387 were influenced by termites.
D data represent means of multiple surface samples, 42O--LO¡ 42L--2O¡ 422--2O¡ 424--24¡

and 434-- 5 sanples.

13

F



Tab1e III.

Soil properties representing fertiJ-ity storage and factors relevant to it in surface layers
of Open forest (Foret claire) soils of Souttreast Asia analyzed in defoliation studies. Soi1s
analyses in top 5 crn (2") of soil, reported as carbon (c), and Nítrogen (N) in grams per square
meter of soil surface per centimeter of depth íncrementt and Cation Exchange Capacity (CEC), and
exchangeable bases, Calciurn (Ca), Magnesíum (Mg), potassium (K), Sodir¡nr (Na), and Manganese (Mn),
as equivalents per sguare meter of soil surface per centimeter depth increment.

Bulk
Site No. C N g¿[ pH pensitv CEC Ca I'fc¡ KNaMn

388
389
390
391
392
393
394
396A

--l 39644
397
398
3984
399
3994
400
4004
40L
4014
402
4024

462 L2
L79 It
L54 5
l.62 3

263 L4
240 L4
193 L2
2L2 13
877
957

163 L2
168 1I
22L 11
202 9
191 I
148 7
L22 8
141 I
122 5
161 10

38 7.6
16 7.2
31 7.3
50 5.9
18 6.2
L7 5.6
16 5.6
16 5.8
13 4.7
13 6.4
L4 6.2
16 6.1
20 5.9
22 5.1
23 5.7
20 6.4
16 5.1
18 6.1
24 6.1
16 5.8

0. 39
0. 78
1.01
o.92
0.99
0.95
o.92
0.83
0. 43
0. 50
1.40
1.37
0.89
0.69
0. 78
0.69
0. 52
0. 7I
o.7L
0. 85

3.1
1.0
1.06

.50
o.44
o.22
0. 34
4.22

.08

.24

.84

.81

.46

.3r

.32

.57

.23

.45

.42

.31

.54

.11

.L2

.26

.16

.09

.20
o.25

.04

.16

.28

.3I

.27

.20

.23

.15

.10

.22

.19

.24

L.2
L.2
1.1
1.0
0.9
1.1
1.0
1.1
1.1
1.1
1.1
1.1
L.2
1.r
1.0
1.1
1.1
1.1
1.3
1.3

.13

.02

.02

.04

.04

.o4

.08

.o4

.01

.00

.02

.02

.02

.02

.02

.03

.03

.02

.03

.02

.00

.00

.03

.00

.01

.01

.o0

.00

.00

.00

.00

.00

.00

.00

.00

.02

.00

.00

.0r

.02

.06

.01

.01

.02

.02

.02

.03

.01

.02

.01

.00

.01

.02

.03

.0r

.01

.03

.01

.02

.02
ME.A}I 9.4 2L 6.1 r.1 0. 82 .60 .2L .03 .005 .02

a sampled ín opening between trees.



Tab1e IV.

SoiI properties representing fertility storage and factors relevant to it in top meter of
Closed forest soils in Southeast Asia analyzed in defoliation studíes. Storage amounts are
summation of individual profile depttr íncrement storage calculations based on original
laboratory analyses and factor of depth, density, and stone content for each horizon. Carbon
(C) as kiLograms per square meter of soil surface to one meter depth, Nitrogen (N) as grams
per sguare meter, Cation exchange capacity (CEC) as equivalents per square meter to a depttr of
a meter, and exchangeable cations as equival,ents per square meter, Calcium (Ca), Maga:esium (Mg),
Potassium (K), Sodiun (Na) r and Manganese (Mn).

Closed Forest (forät Dense)

Site No. #, MnKCEC Ca Mg

L4
I1
L2
I1
1I
I1
13
L4
L7

@

381
3824
383
384
385
386
3874
395
396

8.3
r0.6
8.2
7.4
5.0
7.O

28.0
9.0

' L4.7

606
995
685
661
447
658

2203
642
870

43.2
61.9
58.2
44.6
32.6
44.2

138.8
43. I
63.9

1.5
L2.9
1.l_
1.4
L.4
L.2

43. 3

0.4
0.6

1.9
10. 3
2.5
0.9
0.9
L.7

13.0
0.4
o.4

1.0
3.3
¿.¿
1.0
o.4
0.7
4.5
0.8
1.3

NA

o.4
0.4
0.4
0.3
o.2
0.4
o.4
0.3
1.5

0.3
2.2
0.r
0.1
0.3
o.4
3.4
0.1
0.2

10.9

MEAI{ 8.5
(without termite

862. 13

652 13
j.nfLuenced soils)

59.0

47.2

7.O

1.1

3.6

L.2

2.L

1.0

0.5

0.5

0.8

o.2

asoil influenced by termites; 387 being a profile
382 an oId mound.

through a live mound;



Table V.

Soil properÈíes representíng fertility storage and factors relevant to it in top meter
of open forest soils in Southeast Asia analyzed in defoliation studies. Storage amounts
are sunmation of individual profile depth increment storage calculations based on original
laboratory analyses related, to field quantities by factors of depth, bulk density, and stone
content applied to the analysis for each horizon. Carbon (C) as kilograms per square meter
of soil surface to one-meter depttr, Nitrogen (N), as grams per square meter, Cation exchange
capacíty (CEC) as equivalents per square metér to a depth of a meÈer, and exchangeable cations
as equivalents per square meter, Calcium (Ce¡, Magnesium (Mg), potassir¡¡n (K), Sodiun (Na) , and
Manganese (Mn).

Open Forest (rorät Claire)
Site No.

388
389
390
391
392
393
394
396A
397
398
399
400
401
402

MEA¡{

6.4
3.0
4.7
6.1
4.8
6.2
4.2
4.O
2.O
5.6
2.9
4.4
2.9
3.4

278
268
250
456
39I
443
329
326
226
550
281
407
2L5
253

c/N

23
11
19
13
L2
L4
I3
L2

9
10
10
1I
L4
I3

32. 3
28.6
47.L
60.9
52. 8
58.0
51.1
34.6
35.2

L49.4
44.4
50.4
35.6
33.9

Ca

53.4
22.8
38.0
2L.4
3.9
2.O
2.6
1.3
3.0

32.4
9.0

L6.4
11. 8
5.5

-gs.
10. 3
3.3
4.8

L2.7
3.1
I.0
2.4
4.7
5.6

35.2
9.2

11. s
6.4
4.O

L.4
0.5
o.2
1.6
1.3
1.4
2.2
2.2
3.4
2.O
1.8
3.8
L.4
L.2

0.1
0.6
0.6
0.1
o.4
L.4
L.2
o.7
0.5
0.6
0.3
2.2
0.5
1.8

4.4
o.2
0.r
1.0
0.7
1.3
1.0
o.4
0.1
0.4
0.4
0.8
0.5
0.9

cEc MnNaK

0.60.813 16.0 8.2 L.751.03344.3



caleium, magneslum, and. potassÍum were stored, in the soil. The forest

renroves these stored. elements from the soil, presr:nabJ-y retaining then in

ühe vegeùation.

The storage of fertÍllty elements Ín the soLl-s to a depth of l m

may gfve a better ind.ication of overall fertiJ-Íty of the site. At most of

the sampllng sites the entfre so1I profile was sampled in the upland forest

areas, and these data (table IV and V) also Índieate that there is more

storage clf carbon and. nÍtrogen in the Closed. forest soils than in those

of the Open forest. Again, they ind.icate much more calcium and. magnesium

and. much less potassium in the Open than in the Closed. forest areas. The

following averages exemplify t'his:

Forest tJnce Elementaf storage in forest soila

c N c/w c.E.c. Ca Mg K Mn.

closed 10.9 86z 13 59.o 7 .o 3.6 2.r o.B

open \.: 334 13 5r.o L6.o B.z L.T o .6

aC and m as g/rû2 to a d.epth of I m; C.E.C., Ca, I4g, and. K as eg/m2 to
a depth of l- m.

The higher the storage of nutrient efements, or the greater the C.E.C. in the

soÍI, the better should. be the buffering of d.efol-iation effects or any other

Ímpact on a forest. Thus, in general, the soil of the Closed. forest should

be less affected by d.efoliation than that of the Open forest.

Storage in Forest vs. Soi]-

A eonsiderable amount of the fertility of a tropical forest site may

be stored. in the vegetation, relative to the soil-. Since a major effect of

d.efoliation is to eljminate the aboveground. storage elements from a site,

IO



ib Ís important to evaluate to what extent this oecurrenee may affect

storage. An example of bhe fertility storage that may be expected. in Closed.

forests ty¡rical of SV1V is presented. in Table \rl. These d.ata were taken from

work by Zinke et aJ-. (fgZO). They Índicate that considerable weight of

various el-ements are stored. in the forest. This is r,¡ell-known to local

inhabitants, who burn these forests to fertilize the soiJ- in bheir practice

of swid.d.en cultivation. It is of interest to note that fhe o]-d- forest at

Ban Pa-Pae has LzIf :lbfaere of nitrogen, LlZ Lbfacre of phosphorus, and

L37L 1.b/acre of potassiun.

kesumably, the effect of d.efoliating a forest stand wou1d. be to

return the fertility stored. in fhe leaf weight to the soil. There it would

be stored. and. subsequently used. by plants, or possibly lost, by leachÍrrg

through nrnoff and- seepage of rainwater. fn this regard", it is of interest

to compare the fertility storage in the forest as it stands to the corres-

pond.ing storage in the soil. Such d.ata ind.icate that there is a consid.erable

proportion of the site fertility (soil + vegetation) sbored. in the vegetation

of the Closed forest (see Table VfI). Approximately 6 to fh percent of the

site's nitrogen resid.es in the vegetation, with an estimated. I to 6 percent

being in the foliage. The foliage may also eontaj-n from 5 to more than 20

percent of the potassium on the site. Thus, d.efoliation may be affecting

relatively large proportions of some elements on bhe site as in the case of

potassium and. presumably phosphorus, and. relatively lower proportions of

other el-ements such as nitrogen. Defoliation may be a serious interrrrpbion

of shifbing culbivation fallov cycles, since bhese take advanbage of the

nutrient storage in the forest fallor^r.

1l_



Table VI.

Biomass and Fertility Storage Data for two tlpical Closed Forest Stands

Location

Vegetation Component

Ban Pa Pae

Foliage woodl

Sakerat

Foliage $fooda Tota1Total.

Vegetation Wl-. g/m2

Nitrogen grlm2

Phosphorus g/m2

Potassium g/m2

Gran equivs/r&

Calcium g/m2

Grarn equivs/m2

3869

62

5.4

50

t1.31

23

I1.11

L2

t1.01

t3.41

2LZ

34823

75

13.9

L04

'1,2.61

L74

I8.71

L7

t1.4I

lL2,7l

79r^

38692

L37

19. 3

154

l3. el

L97

te. 8l

29

Í2.41

116.11

100?

607 20,000 20,607

10 43 52

0.8 8. 8.8

86068

[0.2] t1.51 t1.71

4 100 104

to.2l Is. ol t5.21

2LO12

to.2l to.8l tl.ol

to.6l t7.31 t7.el

88 92È 100r

Magnesium g/m2

Gram equivs/r#

Total Ca + Mg + K

Proportion Ca * l.{S + K

aBranches and stems

The following percentage elemental compositions
elements based upon analyses run on the foliage
forests at each location:

were assumed for fertilíty
and woody components of the

ELement

Foliage

Wood

Nitrogen Phosphorus Potassium Calcium Magnesium

1.6 0.14 1.3 0.6 0.3

o .2 0.04 0. 3 0. 5 0.05

T2



Table VIf.

Comparative Storage of Nitrogen and Potassium in the Vegetation
and Soil of a Closed Forest (e11 as grams per m2)a

Vegetation Leaves

llood

Nitróqen

62-10

75-43

137 - 53

Potassium

Total

50-8

104 - 60

154 - 68

Soit (to depttr of I meter) 867 82

Total Site Storage 1004 - 919 236 - 150

Proportion of FertíLity 13.6* - 5.7t 65.24 - 45.3t
(Storage Ín trees)

Proportion of Fertility 6.2? - 1.0t 2L.24 - 5.3å
(Storage ín foliage)

aUultiply by 8.9 for pounds per acrei or for very rough estimate by 10.

r3
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Fate of Elernents Returned. to the Soil

The soil serves as a storage med.ium for the forest, carrying over

fertility storage from generatÍon to generation of vegetation. The soil is
more or less efficient Ín hold.fng elements in storage against the leaehing

effects of ralnfall, or against losses to the atmosphere of some elemenüs

such as nitrogen. Exchangeable cations such as calcium, magnesium, and.

potassium ¡,¡Í11 be stored. on the C.E.C. of the soil.

The forest soiJ. can be eonsidered. to be an ion exchange med.Íun on

the land.scape. The vegetation contains elements such as calcium, magnesium,

and. potassium that return to this med.ium. The measure of this capacÍty,

t'he C.E.C., has been transfemed from the usual laboratory value (mg eq,/fOO g

of soil) to the field. value of g eq of eapacitV/^z of soil to a depth of I m.

These values, presented. in Tables IV and. V, ind.icate that for the C1osed.

forest sites ínvestigated. there were !! g eq of exchange capacity to a d.epth

of 1 m, and. less in the open forest. rn comparison, eommercial cation

exchangers used. in water softening and. rehabilÍtation have capacities ranging

from l+ to 50 g uqtltt3, or 43 to 538 "q/^3 
(rair and Geyer t9:Ð .

The d.Ísposition of fertil-ity catíons entering the soil from vegetatÍon

ad-d.itions as a resutt of d.efoliation would d.epend. upon the soil eapacity to

absorb them on the cation exchange storage capacity. Also, whether any

particular one--such as potassium--would. be absorbed. depend.s upon the relative
proportion of it to the other elements (i."., calcium or magnesium) present

in the ad.d.ed. foliage or on the soil exchange complex. The following summarized.

eation quantities expressed. ín g uq/^Z of soil surface are characteristic of

the C]-osed. forestl

1l+



Vegetation
FoJ-iage

I¡trood.

Total

Soil (average)

c.E. c. Calciurn

l_.1-o .2
8.7-5 .o

9.8-5.2

T.O

l4agnesium

t.o-0.2
r.4-o.B

2.4-1.0

3.6

Potassium

r.3-0.2
2.6-L.5

3.9-L.7

2.L59.o

Thus, if the foliage is removed. from the trees and. plaeed. on the soÍl,

evenbuall-y from 3.4 to 0.6 e eq of cations wiJ-t be entering soil with a

capacity of 59.0 g eq.. This capacity is only partially saturated wLth J,2.7

eq of calcium + magnesiun + potassium (sod.ium being ni1 in these soils).

The 12.7 eq" represent onLy 22 percent of the cation storage eapacity of this

average Closed. forest soÍI; the remaind.er is occupÍed. by either hyd.rogen or

aluminum ions. Presumably there is sufficient storage capacíty on the

exchange complex to ad-d. the 3.1+ to 0.6 eq of exchangeable cations that wilt

result from weatherÍng of the foliage d.ropped. from bhe d.efoliated- forest.

However, there Ís a rísk of losing the potassiurn if the l-evel of calcíum and.

magnesiurn is too high in the incoming soiJ. solution, or if the hyd.rogen and.

ah¡ninum contents or the exchange complex are too high. Thus, the ad.d.ition

of efements to the soil from foliage drop represents an increase of fertility

to the sotl if the storage capacity is ad-equate to hold. these elements against

subsequent leaching.

Fertility Balance of Second.ary SuecessÍon with Barnboo

Second.ary succession to bamboo may oceur as a special case in the Closed.

forest. A site was found. in such a forest area north of lampang in Thailand.

where barnboo had. taken over a previous forest. It was located. on the Mae Moh

L'



teak plantation, on a gray-brown podzolic soil. A lo-year-old. growth of

bamboo was cut from a 2O by 20 m plot and the vegetation components weighed.

and. expressed as weilg}rtfmz. Representative samples of this vegetation rrere

analyzed for the various fertility el-ements (see Table VIIT).

These d.ata Índicate a much lower vegetabion weight and. correspond.ingly

lower fertility storage in the bamboo. The fertility el-ements are distributed

so fhat a large proportion of them are in the und.erground. root portions of

the plants. This r,¡ouJ-d. ind.icate that the bamboo maintains lower fertility

storage on the sÍ-te, and. maÍntains it in a fozm that would. be difficult to

return to the soil unless an effeetive way of killing the roots is d.eve1oped..

Thus, to the extent that d.efoLiation may bring a suceessÍon to bamboo, the

amount and. availability of fertil-ity on the site may be d.ecreased..

An Eyaluation of a Defoliated. Upland Forest Area

There have been few opportunities to properly sample soils in defoliated

vs. nond.efoliabed. aïeas d.urÍng the past few years. The chances of ambush in

the forest d"uring wartÍme are high, since these aïeas serve as refuge for

illegal hostile groups. However, several t¡rpes of stud.ies lnrere carried. out.

One attempted. to establish the number of samples actually required. to d.etermine

the tn¡.e soil fertility values of an area, and. to establ-ísh what significant

ehange--if any--was brought about by a d.isturbance such as defoliatÍon.

The number of soil samples needed to deal with the variability of the

surface soil properties was investigated. at Dong XoaÍ in Phuoc-Long Province,

S\N. Surface soil samples to a d.epth of 5 cm were taken on a transect in

relatively und.isturbed. forest. Nine sites l{ere sampled. for assessment of soil

L6
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Tab1e VIII.

Fertility balance of Vegetation and Soí1 in a Closed Forest situation
currently occupÍed by barnboo' at Mae Moh Teak Plantationr Larnpang,
Thailand. (Based upon a 20 meter x 20 rneter plot).

Stems
Vegetatíon Component Foliage Living Dead Total

Weight, of Vegetation
grams per square meter

Fertílity Elements

NÍtrogen
Phosphorus -
Potassium g,/mz

eg/^2 x 103
Ca1cÍum g/m¿- 

eq/yLz x 103
t"tagnesium gfm2

.q/m2 x J:o3

t29

2.4
o.2
o.7

lr8.41l
0.5

124.331
0.5

[3e.2s]

0.082
14t

3.5
0.4
2.7

Í69.721
0.3

ÍL6.42)
0.6

[46. 38]

0. 133
234

1.5
0.1
L.2

[30.4s]
o.2

[10.06]
o.2

lLe.741

.060
10r

9.6
1.4
5.5

[140.86 ]
0.5

[25. 18]
r.8

1L44.67)

0. 311
538

299]-

L7.2
2.L

10. I

1.5

3.1

0. 586
100r

940 480 L442

TotalK+Ca+Mg Gq/n2)
Proportion t

L7



d.ensity an¿ various fertifity elements and" their variability. The d-ata,

analyzed. statistically in Tabl-e il, ind.icate that to characterize the real

mean value of the quantity being measured in the soil to a confidence level

of 90 t 10 percent, one would. need. only 1 sample for pH, 6 for bulk d-ensity,

l-1 for percent total nitrogen, 2J fot percent carbon, 34 for exchangeable

potassir:m, 47 for magnesium, JO for manganese, and. 43\ for phosphonrs. Thus,

to be certain that the trre value of a soil property is measured.--particularly

for comparison r,¡ith the same soil property u¡d.er d.efoliated- cond.itions--

large numbers of soil samples must be gathered. in an unbiased- way. ltrithout

such samples and analyses: anY stabement about changes in soil properties

as a result of varying forest eond.itions is merely an opinion subject to the

bias of the observer.

An evaluation of the effect of a d.efoliatíon treatment on the fertility

of a Closed. forest soil was made ab kan Buri, Thailand.. In this area, test

applieations had been mad.e of d.efoliants of various bypes and. amounts on a

series of nearly IOO test plobs. The test plots were on a terrace area

having red.-yellow pod.zolic soi1s. Two areas were found where a suitable

comparison between an area treated. with herbicid.e and. an untreated. area

could be made. The defollation treatmenù in 196ll was mad.e with !.1 lb of

Agent Orange and. LfZ tb of picloram per acre. In L97L, 20 samples were

selected. at lO-m intervals in a transect through the treated area. A plot

ad.jacent to this area, which had. not been treated. with herbicid-es, lvas

selected. as a comparison area. In this area, 20 soil samples were gathered.

on a similar transect.

The statistical analysis of bhe data for 20 surface soils from the

1B



HOR.
NO.

I

CODE
DEPlH (CHI
TOP BOT

o. 7.o

BULK PCT.
OEN. >2 l'11{ PH

1.07 0. 7.0

PCT. PCT.
CN

z.L6 .140

Table !
¡/ ôu4l rÊtf

P ......EXCHA¡IGEABLE 8ÀSES, MEQ/l0O GRÂHS...... ....PERCENT....
PP}t C.E. C. CA++ I¡IG++ K+ NA+ HN+} SAND S TLT CLAY

.9Ió 7.44 3.91 z.LL .5+ .03 .29 -O- -0. -0.

o.

0.

.0-

2

3

4

6

7

0. 7.0

0. 7.0

o. 7.0

.o

1.13 0. 6.9

l. 14 0. 6.7

l.0l L.26 ó.3

1.35 .t25

t.38 .t27

l. g2 .L52

2.06 .L64

.9ó .097

1.98 .1ó5

L.254

.978

.728

2.224

.464

1.1 82

5.7L 2.98 1.ó7

5.76 2.87 L.63

6.63 ?.99 1.43

7.39 2.60 3.52

5.60 Z.L4 1.ó6

8.01 5.33 2.00

.36

.34

.37

.03 .29

.03 .23

.0 1 .37

.o2 .L2

.o2 .08

.02 .L2

-0. -0. -0.
-0. -o. -0.
-0. -0. -0.
-o. -o. -0.
-o. -0. -0.
-o. -o. -o.

7.O

?.0

6.

6.2

7.0

.51

.34

.39

.98 0.

1.28 0 .

1.04 0.

I

9

lo

0.

o.

0.

7.0

7.0

7.0

.87 0. 6.3

t. 2l o. 6.6

l. 11 1.80 6.9

l.9l . 180

1.16 .116

1.50 .140

1.3ó9

.552

l.oó6

7.'t6 3.82 1.86

ó.66 3.49 2.L4

6.66 3.ó I 2.O0

.?a

.72

.38

.16

.L2

.t3

.01

.01

.01

-o. -0. -0.
-0. -0. -0.
-o. -o. -0.

.3t 0. .09

.45 0. . 11

.37 0. .09

o.

o.

O.
H\c

0.

0.

ll

t2

13

l5

ló

IT

l8
l9

7.0 t.30

7.0 L.34

7.0 1.2ó

7.0 l. 14

7.0 L.24

o. 7.1

o. t.2
0. 7.9

1. l4 .08ó

l.05 .1ll
L.32 . I l9

1.43 .t52

1.40 .o89

l. 28 . 135

1.28 .120

2.+6 . tó6

-0. -0. -0.
-o. -o. -0.
-0. -0. -o.
-0. -0. -0.
-0. -0. -0.
-o. -o. -o.
-0. -0. -0.
-0r -O. -0.
-0. -0. -0.

-0. -0. -0.

.350

.326

.527

.3 I3

.464

1.9 0t

1.481

1.989

.33

.27

.35

.01

.02

.01

4.35 3.?7 .87

ó.94 4.95 l. t8
6.24 8.33 1.16

.11

0.

o.

o.

o.

o.

0. 7.8

o. ?.9

6.49 7.08

5. ó7 6.62

1. l7

L.26

.29

.41

.26 .01

.08

.3ó

.32

.4!

.48

.46

r.q .97

l.o l. r7

7.0 l.05

0. ó. ?

o. ó.5

1.00 7.2

ó.09 4.L4 L.44

5.84 4.O? 1.25

8.27 ó. t7 1.82

zq O. a.o ¡. tó .01 .49
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Table p conü'd..

VIFT l¡Äil SnIIS-NnNnFFnl IÂTÊn fi^rÉt 22

r{

BULK DEI{S. 20

t4EAl{ StD. DEV

l. l.+t . 13 5

SAI.IPLE SIZE TO. ESTIMATE
f 90 PcT. coNF. ,. ..

ToL; I 5 lo

417 l7 4

}IÊAN +OR- TOL PCT
195 PCf. CONF.l...

15IO

óll 24 6

co€FF ...... coNFIOENCE LI|l¡fS ........
vaß, r e 190 PERCENT l, . ,. 19ã PEßCENTl.,

11.8 1.091 1.195 ¡,.080 1.20ó

PCfr >2llllr 20

PH 20

PCT. C 29

.¿Ol oSll
6.915 .526

1.52{ rtO{

99999 76+L 19tO

ult2
2096 84 2L

99999 ¡1t97 2799

25L l0 3

307r tzt 3l

262.8 .005 1401 -,037 ,14?

7.6 6,142 7.148 6ç699 ?r l9l
26,5 1.3ó8 1.680 I 1335 t. 7l 3

PCï, ùt

Port (PPül

C. E. C.

.l¡0 .o27

3.030 1.8 4rr

ó.{85 .95(

1284 51 t3

11069 44t lll
641 26 ó

t88l 75 t9

L6?.20 649 L62

9+8 38 I

?0

20

20

20.7 .120 .140 .117 .143

60.8 2.3L7 3.743 2.L6'l 3.893

14.7 ó. I 17 6.85+ ó. O39 6.9a2

CALC ¡UX

lltcr{Eslun

POIASS ¡ Ut{

1.3+9 l.ó54

l.ó52 .5r5

.3ó I

4322 173 4'
3ó18 t{5 36

L216 49 L2

613' 251 63

5302 2L2 5t

lSll 72 l8

20

20

20

38.0 3. ?10 4.988 t.515 5.t23

34.8 1.430 1.874 1.383 1.921

.073 20.3 .333 .389 .32'l .395

sgDl ull

lltltcat¡Es E

20

20

.ol2

.2+L

.O lO

.149

81.ó

61.9

.oo9

. 183

.otó

.29i

.009

. l7l
.017 19888 796 199

.311 1r{37 45I i14

29 lr3 I t6ó 291

L675e 6?0 tó8
N)o



Table Ç eontrd.
, VÂRTABTLTÎY IN SNIL çÂ

SAI.IPLE SI¿E TO ESTTI.tÀTE I,IEAN +OR- TOL PCT
COEFF ...... CONFIDENCE LI¡ltTS r....... l90 PCT. CONF.l... (95 PCT. CoNF.t...

N l{EAt{ STD.oEV VAR. ..190 PERCENTI.. ..195 PERCENTI.. lOL: I 5 lO I 5 l0
C DENS TIY
G/ SQ. 1.r/Cr{

I{ DENS I TY
G/ SQ . ü/C t{

PO4 DENS.

170.3ó2 3,}.019

L4.515 1.7ól

zo

20

eo.0 157.t98 L87.526 154.427 18ó.298

L2.L 13.854 15.21ó 13.711 15.359

I 194

449

¿r8

18

L2 1750 70 17

46+326ó

tlc / SQ. tll C

cfc DENS.
E Q / SO. H/C r,t

ca oËNs.

.'lt2

t9.654 24.533 4L.O94

. o9l L2.5 .697 .7óg .690 .'175

8692

466

t48

19

87 L2736 509 t27

ó83 27

.184

43. .4L .585

.0 53 28.'l .L64 .205

.399

. ló0

.603

,2Q9

56 5

2462 98

8230 
'29 

82

3ó08 l{4 t625
llc oENs.
E Q/ SQ. r1lCtr

K DENS.
E Q / SQ.l,l/Cl{ 52

833

20

20

.o{l

.00 I

. oo9

.00 ¡

20, I

83.5

.038

.001

.o44

.002

. O3?

. o0l

.o45

.00 2

L29L

20820 208

t892 76

3050e L220

l9

305
NA DENS.

rD EQ/SQ.t{/CilP
}IN DENS.



d.efolÍated. vs. the nondefoliated. area is presented. in Table X. In the

table of average values, the means for the d.efoliated. area are generally

lower to a significant d.egree (at 5 pereent level or less) for pH, and. lower

for percent earbon, percent ,rrrtoUurr, phosphorus (parts per million), mag-

nesium (mg eq,/fOO g of soiJ.). They were higher to a significant d.egree only

for sod-ium (mg eqr/fOO g of soÍI), and to a very signÍficant d.egree for bullc

d.ensity. Ìtrhen the ferbility elements are compared. Ín a volume of field. soiJ-

instead" of on a weight basis, the elements that are significantly lower

J years after defoliation are nitrogen (g/nz/cn depth) and phosphorus

(roe po4-2fnzf cn depth). The nitrogen was less by 1.\ e/^2 to a depbh of

I cm; thaü is, by 10 percent from the eonbrol, oï appïoximatety f.O g to

the depth of the sample (62 mlaere to a depth of 2 in.). If thÍs difference

is maintaíned. to a l-ft depth, the nitrogen loss due to defoliation could be

up to 375 Lbfaere of soil. The possible loss of phosphorus from this stud.y

is also severe Ín that soil samples from the eontrol area ind.ieate 32.8 mg

available water-soluble phosphorus as *L-t or lO.7 g as phosphorus

(Ffr = o32æ); whereas in the defolÍated. area the phosphorus content

was I5.9 g as PO4-2 or J.2 g as phosphorus, a loss of )O pereent of the

avaÍlable phosphoms in the top layer of the soil. This is a loss of ?f .J g

to the depth sampled, or approximately BO tU/acre. Thus, if this comparison

is vaIíd., there is a severe loss in the nitrogen and. the phosphorus contents

of the d.efolÍated. area in this stud.y. The soil pH became more acid. to a

significant extent.
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Table 1O

CJTë FêXF"¡T
yAR t a8 t L rty rN so¡-t_sÁ¡1p_LI_t24_tl_

HOR,.
NO. CODE

DEPÍH (C}II BULK PCT.
TOP BOI DEN. >2 HH

PCT.
PHC

3.7 3.L2

P CT.
N

.234

P .... .. EXCHANGEABLE BASEST IlEQ/1OO GRA{S. . .. PERCENT... .
PPH C.E.C. CA++ MG++ K+ NA+ I'IN++ SAND SILT CLAY

.525 9.81 .87 L.25 .45 .05 . 13 -O. -0. -0.Al o. 5.0 l. o? . 30

o.

0.

o.

^2
A3

A4

5.0 .94 .48

5.0 1.0¡ . 19

5.0 l. 08 .29

4.1 3.O2

1.7 2.68

1.7 1.56

.01 .t9

.07 .06

.05 .06

-0. -0. -0.
-o. -0. -0.
-o. -0. -0.

.233

.183

.L62

.5 68

.440

.4L2

r. 5l

.62

.27

.34

.39

.26

LO.24 1.82

9.16 .6r

7.25 .5 0

BI

82

B3

o. 5.0 .80 .48 3.8

O. 5.0 1.O3 .99 3.6

o. 5.o 1.03 I .49 3.6

2.62 .220

3.04 .23'
2.65 .li1

.l 85

.5ll

.582

9. ó9

10.44

9. 08

.29

.23

.24

.05

.03

.ot

.48 .22 .L2 -0. -0. -0.

-0. -0. -0.
-0. -0. -0.I

.?1 .79 .Of

.54 .32 .0ó

B4

c¡

G2

0.

O¡

o.

5.0 .9ó .40 3.8

5.0 .99 .91 3. ó

5.0 l. ll l. t5 3.6

1.98 .183

1.92 . I 8ó

2. O0 .l7l

.497

1.008

.540

7.20

6.54

7.8t

.28

.?7

.27

.08

.08

.1ó

.oó

.04

.10

.56 .26 -0. -0. -0.
-0, -0. -0.
-o. -0. -o.

.50 .26

.43 .20

O.

0.

O.
N)(,

O.

0.

o3

D4

G3

c4
'o¡

5.0 .el .ó3 3.'
5.0 l.o4 .43 3.7

5.0 l.05 1.34 3.7

.4

2.62 .202

2.e8 .204

2.t3 . ló6

.852

.412

.741

9.24

9.4I

a.2)

.28

.2t

.19

.48

.42

.38

.22

.21

.18

.13

.L2

.t4

.04

.02

.oó

-0. -o. -0.
-0. -.0. -0.
-o. -o. -o.

5.0 l. l0
5.0 l. 02

. ?0 3.8

.3'I 3.7

1.58 .L44

l.e2 .L75

.199

.¡99

.4 83

7.74

?.89

9. 02

.17

.19

.30

.11

.05

.03

. tl

.19

.08

.2t .18

.32 .14

.44 .2?

-o. -o. -0.
-0. -0. -O.

-o. -0. -0-
O.

o.

O.

EI

E2

E3

5.O

5.0

5.0

l. 08

.94

l. 00

I .77

.47

.32

3.6

3.5

3.7

1.48

3.52

2.40

.154

.213

.182

I.t3ó
.8 38

.554

7.02

13.30

8. 58

.26

.36

.68

.64

.58

.37

.37

.24

.L7

.04 .09

.04 .03

.o7 .09

-0. -o. -0.
-0. -o. -o.
-0. -o. -o.

O.

O.

0.

E¿r

FI

F2

5.0 1.03 .5ó 3.6

5.0 1.04 1.78 3.8

5.0 1.03 .99 3. I
5.0 .9ó l.l2 3.8

5.0 1.05 .91 3.8

l. 70 . t83

2.20 .187

2.53 .220

2.02 .210

2.42 .zLO

9.6 .74 .51 .22 .O4

.7a .1 8 .01

.554

.497

.341

.426

.483

8. 04

8.95

9. 70

.25

.25

.28

.48

.65

.19

.23

.49 . Ió .1ó . t2

.L2 .05

.13 .?2

-0. -0. -0.

-0. -0. -o.

-0. -0. -0.
-0. -0. -o.
-0o -0. -0.0

.13

,lt9.91 .70



Table 10 contrd..
VÂR IÂBIT TlY TN S!-LLl¡È1Pt E 424 TL . SFKFRAT nRY FVFRGRFFN FnaF<1 _¡[ll,!E-:_2r .tÂN 7¿

SÀMPLE SIZE TO ESTIMATE H€AN +OR- TOL PCTcoEFF COTTFIDENCE Llr.lfTS ........ (90 pcT. coNF.)... (95 pCT. CONF.t..,N HEAN STD.DEV VAR...l9O PERCENTI.. ..(95 PERCÊNT¡.. TOL: I 5 tO I 5 lO

BULK DENS. 24 1.012 .Oó8 ó.8 .989 1.03ó .984 1.041 l¡+ ¡ t tge g z
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PO4 fPPH¡
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POTASS IUI,I

829
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2+

.427

.568

.3 58 84.0

.282 49,6

.083 33.t

.301

.469

.552

. óóó

.275

.449
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72

30 215

10519

.578 20776

.687 72L9
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42L 105

SODIUH

TIANGANES E

2.¡
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.08 2

.095

.O4t+ 54.2
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.0óó

.0ó6
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.L23

.2
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.06O
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867

8ó

zL7

4
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.L29 2L673

544 L26

L261 3lóN)
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Soil Fertility Properties: Mangrove Forest Areas

The mangrove forest areas Ín s\IN are mainl-y in the south bíp of the

country at the Ca-Mau Peninsula, in the Rung-Sat between Saigon and. Vung-Tau,

and. along the east coast near Cam-Ranh Bay. Soil-s stud-ies were conducted.

mainly in the Rung-Sat area, north of Vung-Tau, and. in the Nam-Can area of

the Ca-Mau Peninsula. The soiJ. samples baken in the Rung-Sat area were from

defol-iated. and now barren areas, those in the Vung-Tau area rdere from second.

growth mangrove and. a clearing, and. those in the Nam-Can area were from both

d.efoliated. and nondefol-iated- mangrove forest. fn ad.d.ition, the mangrove

forest was sampled. at Khlung, near Chantaburi in southeasfern Thailand--for

comparÍson as an area that had. not been d.isturbed. by defoliation. Toba1

fertility storage in the mangrove forest--in both vegetation and. soil--was

d.etermined. at Vung-Tau and Chantaburi.

The extent of soil sampling in mangrove forests is ind.icated in Table

XI. A total of L62 soil samples was obtained. in mangrove forests, and" nearly

2O0O d"ifferent analyses were mad.e of these samples to d.etermine the various

fertility elements and. physical factors involved. in storage of fertility.

Most of the mangrove soils were in silts d.eposited" by the Mekong and fhe

Saigon Rivers, with some peaty d.eposits in basins in this d.elta material.

The Florid.a samples r/lere includ.ed" for comparison.

Range of Fertility of Mangrove Soils

The analyses of surface mangrove soils are presented. in Table XII.

These d.ata are the mean values of analyses of from.fíve Lo 2\ replicate

samples taken in transects and. grid. patterns at each site to avoid sampling
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Site No.

4L6
4L7
418
4L9

425
426
427
428

429A
429B
429C
429

430
431
432
433

433
434

Locationa

Rung Sat, R\n{
Nam Can, RVN
Nam Can, RVN

Nam Can, RVIiI

Near Chantaburi, T
Vung Tau, RVN

Vung Tau, RVÀf

Vung T¿u, RVI{

Vung Tau biomass, RVI{
Plots

Rung Sat, RVI.I

Rung Sat¡ RVII, inland transect
Rung Sat, RVN, shore transect
Rung Sat, RVN, second landing
Rung Sat, RVN, third landing

Marcos Island, FIa.
Marcos Is1and, Fla.

Table Xf .

Location and characteristícs of field investigation sites for soil studÍes -- Mangroves.

Historv

Defoliated
Defoliated - Agent Orange
Defoliated - Agent Orange
Forest plantation-non-defoliated

(Ca ùlau Forest)

Jforest managed - non-defoliated for
ìwood and charcoal
Second, grorvth mangrove forest - crab
mounds

Second grortth mangrove forest

Defoliated - Acrostichu¡n fern invasion

Defoliated -- considerabte
tilood harvest and utilization
by local residents and
refugees.

Avicennia
Rhizophora

analyses on 162 samples. )

No. of
Soil Samples

7

24
24

9

7
7

7
L4

Tvpe of Soil

--

Alluvial-silt
Alluvial-peaÈy muck
AlluvíaI-silt
Alluvial-silt

Peat

Sandy silt

Silt to sandy
silr

Alluvial-silt
llil

Itt

Itt

Peat
tl

Florída. (I,782 soils

4
5
5
5

N)
--l

6
6
6

10

I
I

L62

aFt¡tl - Republic of Vietnam; T - Thailand; FIa. -



Tab1e XII.

soil proBerties representing fertility storage and factors relevant to it in surface layers of
Mangrove forest soils in southeast Asia, as analyzed in the deforiation studÍes- soils analyses

in tåe top 5 cm (2") of soil, reported as Carbon (c), and Nitrogen (N) in grams per square meter

of soil surface per centimeter of aepttr increment; and. cation Exchange capacity (cEc) ' and exchange-

able bases, Calcium (Ca), Magnesium (Mg) r Potassium (f), Sodiu¡n (Na), and. Manganese (t'tn) r as equí-
valents per square meter of soÍr surface per centimeter depttr increment. These are means based

upon numbers of samples indicated at each site (n) '

Site
No.

Bulk
Density

0. 54
0.98
o.94
0. 31
0.96
0. 78
1. 10
0.66
0.83
0.68
0.57
0. 34

ys.

0.86
r.13
1. 28
1. 34
1. 15
o.92
0. 8I
t. 1t
I. 45
L.46
1.75
L.47

N c/N PH CEC Ca KNA !,ln

0.14 1.50 0.01
0. 16 2.O9 0.03
o.2l 2.64 0.05
0.10 2.25 0.00
0.10 L.92 0.'00
0.07 1.47 0.00
0.06 r.57 0.00
0.I2 1.06 0.00
0.15 2.32 0.00
0.14 2.40 0.00
0. 14 2.70 0.00
0.10 2.36 0.00

L4
15
15
20
13
L2
L2
13
l_9

¿¿
2L
L7

5 236
5 210
5 173
5 737

24 278
24 264
9 266

L4 166
6 336
6 43e
6 464

10 429

N
Co

4L7
4t8
4t9
425
426
427
428
429
430
431
432
433
MEAN

I8
L4
L2
37
2L
22
22
13
18
20
22
25

5.62
6.32
7. L8
6.20
3.76
4.08
3.09
6.70
6. 18
5.90
5.82
5.49

1.50
2.29
2.27
1.90
1. 34
1. t9
L.20
r.94
2.20
2.27
2.4L
L.97

0.40
0. 56
0.51
0.02
a.42
0. 36
0. 30
0. 39
0.54
o.52
0.63
0.55

o.L2 2.O2

llEAlilS for
Comparison

Closed Forest

Open Forest

287 23 1.0

1.1

I3

2t

4.49

6. 08

1.08

0.76

o.28

0.60

0.13

o-2L

0.05 0.00 0.03

0.03 0.00 0.02



bÍas. At fhe Vung-Tau site a special sampling of crab mound. sites'was eon-

ducted. to evaluate theÍr effects on soiJ- properties.

The average results of all- of the mangrove areas indicate some of

the special eharacteristics of these soils Ín contrast to those of the upland

forests. They are mod.erately acid. soiJ-s with the average pH af 5,47 Ueing

less acid. than the Closed. forests, but more so than the upland. forest soil.

They have more organie matter (carbon) with less nitrogen storage than upland.

forest soils, and. a resu-l-ting higher earbon/nitrogen content. The exchange

capacity in surface mangrove forest soils is much higher than upland. forest

soils, and. on this exchange capacity are retained. higher quantities of

exehangeable cations. Mangrove soils contain particularly high amounts of

magnesium and" sod.ium, which are d.erived from the seawater that frequently

inundates the regions at hÍgh tid.e.

The variability and- the number of samples need.ed. to assess soil

fertility properties in a mangrove forest soil were determined at several

locations. An example of the sample numbers need.ed. ís shown for the soil

collected. in an area treated. with Agent Orange near Nam-Can. The most

variable el-ement--phosphoru.s--cou1d. be d.etermined. to within + 10 percent of

the tme mean within !0 percent confid.ence limits, while less than IO sarnples

would. be need.ed for the exchange eapaeity and. the exchangeable cations calciurn,

magnesium, potassium, sod.iun, or manganese. At most of the sampling sites

where security al-lowed. onJ-y a quiek land.ing, five or six samples in a line

transect were obtained.. At secure sites such as Vung-Tau, 24 samples were

obtained that eompared. a completely cleared. mangrove forest r,'¡ith u¡eut

mangrove forest.
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The apparent effecb of d.efoliation on mangrove forest soils is shown

by a comparison between the soils in an area d.efoliated wibh Agent Orange

north of Nam-Can, and an ad.jacent unsprayed. area. These data, taken two

years after spraying, ind.icate t'hat d"enuding the area with herbÍcÍd.es

resulted Ín an increase in carbon, a slight increase Ín nitrogen and carbonf

nftrogen ratio, a large Íncrease Ín phosphorus, slight drops in magnesium,

potassÍum, sod.ir.::t, and. manganese, and. an inerease in calcium. BuIk density

j-ncreased. slíghtly in the d.efoliated area. The pH became eonsiderably more

acid.. These d.ata are presented. in Table XIII.

A test plot was established. about 20 km north of Vung-Tau in a second.

grovth mangrolre forest. A large area of the forest was cut and. the soil mad.e

bare in a sfmulation of d.efoliation. A comparison was mad.e between the

fertility propertíes of 24 barren soil samples and 24 soiJ- samples from the

ad.jacent uncut mangrove forest. The statÍstical comparison of these d.ata

in Table XIV indÍcates that there Ís a significant increase Ín bulk density,

and. significant increases in magnesÍurn, potassium, sod.ium, and. manganese in

the soj.ls thab were d.enud.ed. by removal of vegetation six months prior to

sampling. Thus, practices other than d.efoliation may lead. to changes in the

mangrove forest soil with time.

Storage Ín the Enbire l4angrove Forest Vegetation and. Soi].

The total storage of fertility elements j-n the vegetation and. soil of

the mangrove forest was d.eternúned. aù the plot site 20 hn north of Vung-Tau

and. at the site near Chantaburi, in ord.er to estimate the proportion of the

fertility storage on a site that might be affected. by removing the mangrove.

The d"ata for the Vung-Tau site presented. in Table XIV ind.icate that a consid.er-
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Table XIII.

Cør¡rarison betwecn soíl propertfes in a defolíated
vs. r¡on-defoliated marlgrove area near Nam Can.
Surfaca 5 crr of soil.
(Mea¡¡e baeed upon 5 sanples in each. )

Site No.
Treatment

4L9
Original Mangrove

Rtrizophora apiculata
173

14.8

L2

5.9

2.L

0.51

1. 28

o.2L

2.64

0.05

7.18

o.94

Carbon g/rn2

Nitrogen g,Ân2

CAI

Phosphorus as PO4 = mg/m2

Cation exchange Capacity

Ca1cir¡n equiv./m2

Magnesium equiv./m2

Potassium equiv./m2

Sodium equiv.,/m2

Manganese equiv.r/m2

pH

BuJ-k Density

418
Agent Orange

210

15, 3

L4

7.7

eq/m2 2.L

0. 56

1. 13

0. 16

2.O9

0.03

6.32

0.98
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HCR.
N0. c00E

I

DEPTH
TOP

o.

(ci{,
BOT

5.0

BULK
0ËN.

t. 05

PCT.
c

2.60

P CT.
t¡

. L42

PC ï.
>2 MI1 PH

2.32 2.6

Table 14

i.A/ì68 I'fouVAt /N /Vriilóf: r/E atÊ A./,'T ?!L¿. f
P ...,..EXCHANGEABLE BASES' MEQ,/I1O

ppf.l C.E. C. CA++ ¡,tG++ K+ NA+

.210 l+.89 3.66 LO.29 .+O 15.01

GRAttS. ..-PERCENT....
l.lN++

.03

SANO SILT CLAY

-o. -0. -0.
2

3

+

O.

O.

0.

5.0 1.09 L.57 3.0

5.O l.19 .51 3.ó

5.0 l.3l .15 t.4

2.96 .137 .L52 12.81 1.08 5.32 .23 12.18 0. -0. -0. -0.
-0. -0. -0,
-0. -0. -0-

1.86

1.08

.0go

.oó5

0.

.257

7.93 2.6I ó.31

5. l0 .84 4.L5

.48 9.65

.38 8.97

o.

0.

0.

O.

O.

0.

O.

5.O .81 O.

5.0 1.17

5.0 .93

1. 12 1.65 2.7

l.19 .43 3.5

. 105

3. 14 .103

2.80 . 134

.75 L9.98 0.

.38 L2.97 .05

1.08 19.77 0.

-0. -o. -0.
-0. -o. -0.
-0. -0. -0.
-0. -0. -0.
-0. -0. -0.
-0. -0. -0.

.54

l.ló
3.1

2.8

4.

2. 08

3.07

.098

.108

.o82 L6.77 6.29 L4.O7 L.L6 22.62

.L75 6.82 l. ló 3.25 .63 8. L0

.304 L5.L2 4.03 11.78 .ó6 21.38

0.

.o3

.03

9

l0

5.0

5.0

.327 15. 19 2.77 8.00

.572 L2.54 5.48 '1.+2

.035 13. 50 3. I I 9.9ó

SAf.{P L E

c0EFF ...... coNFIDENCE L¡lilITS....r'.. (90
N I{EAN STD.DEV VAR...I90 PERCENTI.. ..195 PERCENT¡.. TOL:

STZE TO EST¡HATE I.IEAN +OR- TOL PCT'
PCT. CoNF.l... 195 PCT. CONF.¡...

L!
l\)

- 998 I -2rJ2

t5
564 23

l0 I 5

6 859 74

l0

9BULK frFNS- tO l.lOO .14" l3.O 1.017 1.183

PCT. >2t1H.

PH

l0 .88ó

lo 3.090

.153 85.0 .449 L.323 .347 L.425 24280 97t 243 36975 L479 370

3.144 2.176 3.404 67 6 2.7 7 1029 4L 10.438 L4.2 2.836

PcT. c lo 2-6tO .931 35.4 2.O9O 3.170 1.964 1.296 4209 168 42 6409 
-25!'-64

PCT. N

PO4 I PPr{ I

l0 .ll8
lo .ó48

.o38 32.O

.5 13 79. I
.097

.351

.140

.945

.091 .L46 3430 137 34 5224 209 52

.282 1.015 21006 840 2 10 31989 1280 3ZC

c.Ê..c. Lo 12.06T 4.016 33.3 9.739 L+.t95 9.L94 L4.940 3722 L49 37 5668 ?27 57

CA LC"T UM

f.tAGNES IUI,I

l0 3. I t0 1.83ó 59.O 2.046 4.L74 L.197 4.423 11705 468 117 L7825 713 178

l0 8.055 7.463 43.O ó.048 lO.0ó2 5.578 L0.532 6211 24A 62 9459 378 95

poÎÂsslutl 10 .ó15 .309 5O.2 .+36 ?794 _.394 .836 8451 338 85 L2879 5L5 L29

SOD ¡UI,I

IIANGANES E

10 15.0ó3 5.+87 36.4 11.883 L8.Z4t ll.l38 18.988 4458 178 45 ó789 272 ó8

lo .014 . o 19 135.5 .003 .o25 " 000 .028 6L7L2 2468 617 91979 1759 914
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Table l)+ conb'd..
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^Àl 
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C OENS TTY
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l0 L2.532 2.686 2L.4 10.9?ó 14.089 10.óll L4.+54 L543 62 15 2350 94 24

r.rGlsQ.r,r/fl4

CEC DENS.
E Q/S Q. r{/ C;,1

CA DENS.

l0

l0

7.O72

L.275

5.729

.354

81.0

21.7

3.75L

1.0 ?O

LO.392

I -480

2.974

L.O22

1 l. I70 220+8 882 220 33576 L343 t36

1.528 2582 103 26 3932 L57 39

.226 .41B .20+, .440 8837 3.53 88 Lt457 53S L35

.ó81 t.oo4 .643 1.041 3677 Lír 37 5ó00 224 5ó

[= QE!ls,', . =,,EQ/SQ.l{/Cll l0 .06ó .030 46.4 .048 .083 .O4+ .O8? 724, ZsO 72 ffOff- ++i tfO
NA DENS.

(^) EQ/SQ.l'llCf,l l0 [.594(,
f.IN DENS. (

.+86 30.5 L.3L2 1.875 1.24ó ' 1.941 3 l2 1 L25 3t 4757 leo 48
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EQ/SQ.M/Cil l0
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.1ó5 51.3

.279 33. I
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----õ7Sci;il/õE
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.ló0 49.4

.085 49. I .o92 .254

.594
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2.480 ttt02 444 llr L8822 753 188
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able portion of the nitrogen and. the potassium is in the foliage relative to

the woody portion of the plant. Around. lr e/^2 are in the foJ-Íage of the man-

grove forest: approxfmately 16 Lbf aæe.

FertÍllty Status of SoÍIs in the Defoliated Areas of l{angrove Forest

Six sites in the Rung-Sat where mangroves had. been d.efoliated. were

visited. and. soiJ- samples collected.. Tt' was noted. that at each of these

sites there had. been an almost complete salvage of r^rood. and. Ín many cases

even the roobs had. been d.ug out of the ground. for fbel. The soiì- properties

in the Bung-Sat have been influenced. by this eomplete harvest of the mangrove

l¡ood. as wefl as by d.efoliation.

The data in Table 
"rr 

rot sites 430, l+3f, 432, ana 433 represent soils

from such areas in the Rung-Sab. A comparison of these sites l¡ith areas L+ZT

an¿ 428 (nond.efoliated. mangrove forest near Vung-Tau) shows nearly twice as

much carbon and. nitrogen in the Rung-Sat soils. Also, the Rung-Sat soils

have a greater C.E.C. and. a larger amount of caleium and. potassÍum on the

exchange complex. One can conclude, on the basis of this d.ata, that fhe

d.efoliated. areas visited. in the Rung-Sat have fertility levels that are eon-

sid.erably higher than the nond.efoliated. mangrove forest soils at Vung-Tau.

SIJMMARY ÆüD CONCLUSTONS TO SOTLS REPORT

1. This stud.y was d.esigned. to evaluate the possible effect of forest

d.efoliation in SVN on soiJ- propertj-es associated wÍth fertility.

2. Solls were eollected. from sites in the upland forest and. in mangïove

forest areas to det'ermine the ïange of ferbil-ity storage in the soils of these

ecosystems.
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3. More than 300 soiJ- samples r,¡ere obtained. from upland. forest

areas of the ty¡le that have been subjected. to d-efoliation, some j-n actual

situations comparing d.efoliated. with nond.efoliated- areas.

4. More than 1!O soiJ- samples were obtained. from mangrove forest

areas of the type bhat have been subjected. to d.efoliation, some in actual

situations comparing d-efoliated. with nond-efoliated. areas.

j. The soil samples were analyzed. for the major fertÍlity elements:

nitrogen, phosphorus, calcium, magnesium, potassium, and carbon (for organic

rnatter). ûver 6000 analyses have been mad-e of these soils from Southeast

Asia. These analyses have been converted. from the laboratory values to the

actual field storage amounts, taking into account soil d.ensiby, d.epth, and.

stoniness.

6. At selected. sibes the aboveground vegetation of the forest was

sanpled. for its weight and. ferbility element contents (nitrogen, phosphorus,

calcÍum, magnesium, potassiurn, iron, manganese, and. zLnc). This sarnpting

was carried. out on sibes where the measurements could. be applied. to a known

area of soil in which the fertiliby storage was known.

7. Seven intensÍve vegetation sarnpling sites were located. in mangrove

forests, and. three in upland. forests.

B. The d.ata ind.icate that the Closed- forest soils tend. to be more

fertile and. have a greater capacity to store ferbitity elements than the

Open forest soils.

9. The Cl-osed. forest soj-l shoul-d. have a greater eapacity to buffer

changes that might be associated" with d.efoliation.

10.. An assessment of two ty¡lical sites in the Cl-osed. forest shows
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storage of fertility elements in the forest vegetation relative to the forest

so1J. Ís highest for potassium and. phosphorus, and. lower for nitrogen. In

the ease of some fertility elenents, a relatively hígh proportion of the total

stored ferbility on the site (soil + vegetation) Ís contained in the foliage:

more than 20 percent of the total stored. potassium and. 1 percent of the total

stored. nitrogen may be found. there.

11. A critical aspect of the effeet' of defoliation on the fertility

of the site and. of ùhe soiJ- in particular is the d.isposition of the fertility

elements eontained. in the foliage d.ropped. to the soil, and. this has been

eval-uated. Ín the report.

L2. Soils ty¡rical of the Cl-osed. forest have a mod.erate to J-ow capaeity
-o
OS e eq in I m' of soíJ- to a depth of 1n) of C.E.C. This exehange eapacity

is only partially saturated (to about 2J percent) with such elements as cal-

cium, magnesium, and. potassÍum.

13. The t,otal of the calcium, magnesiun, and. potassium in the foliage

ranges from 6 percent (S.t+ * "q/*2 to 0.6 eq) to 1 percent of the capacity of

the soi]- to re'üain such catÍons.

t4. ffre most critical cation elemenb as far as the possibility of loss

d.ue to d.efoliation is potassium, which may be d.isplaeed. from the soil cation

exchange column if any of the obher cations are in exeess. Since up to 2O

percent of the potassium on the site may be fn the foliage: a primary is that

loss of potassium does not occur due to d.efolíation and. subsequent leaehing

processes.

J-5. Second.ary suceessÍon cover of bamboo maintaíns much l-ess fertitity

storage of al-J. elements in its vegetation weight: the largesb proportion Ís in
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the roots. Hence, the fertilíty stored- in bamboo would' be d'ifficult to

release if it were part of a swj-d-d.en cultivation sysbem. Èesumably, a site

that has ehanged. to banboo is one that will be lower in stored' fertility'

t6. ffre variability of surface soils in forested. areas of S\IN was

tested by taking multipre samples and' subjecting the analyticar resurts

to statisticat analysis. MinÍmum numbers of samples were required for less

variable soil properties such as pH and" bulk density, but in bhe case of more

variable soil properties such as available phosphoms, as many as 434 sampling

sites wouJ-d. be required. to d.eterm:ine the tnre value of phosphorus to r'¡ithin

t 10 percent of a p0 percent confÍd-ence J-eveJ-'

L7. OpinÍons and conclusions concerning effects of any disturbance

(such as d.efolÍation) of the forest soil fertility, unless based' upon

ad.equabe numbers of samples taken in a rand.om (rrnbiased-) manner, are to

be consid.ered. as d.oubtful conclusíons subject to the biases of the observer'

Thís pertains to the results of thÍs stud'y as well'

IB. In a comparison mad.e between a d.efoliated" plot and. a nond.efoliated'

ptot 7 years after d.efoliation, significant changes in fertiliby elements

were noted- in nitrogen and available phosphorus in the surface soil layer'

ïn bhe sítuation sLurLied., the phosphoms content was reduced. by nearly one-

haffi (by nearly BO tU/acre in the top 2 in. of soil) . Nitrogen content ¡'¡as

reduced by 10 percent in the ¿efoliate¿ area; a loss of 62 itbf aere to a d'epth

of 2 Ín. The soil becarne more aeid., d.ropping from pH 7.0 to 6.0. There was

less carbon in bhe d.efoliated. area, but the d.ifference Tdas not significant.

There "were no significant d.ifferences in the d.efoliated. vs. und.efoliabed
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areas in exchange capacity or Ín exchangeable calcium, magnesium, or

potassiurn. Houever, exchangeable sod.ium was significantly hÍgher in the

d.efollated. area than in the nondefoliated. one.

i19. Soits were satnpled. for fertility anafysis in mangrove forests

at l-5 sites, with a total of L62 samples obtained. These ind.icated that

mangrove soils general-ly had. high carbon contents and. moderate nitrogen

storage amounts with high carbon/nitrogen ratios. The exchangeable cation

capacities of the mangrove soils were higher than the upland. forest soils,

and" this rras oversaturated. with sod.ium and magnesium as is to be expected.

due to flood.ing by seawater.
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