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SOME CONSIDERATIONS ON THE EDAPHIC CONDITIONS
IN THE TROPICAL FOREST AREAS AND THEIR
' IMPLICATIONS TO LAND MANAGEMENT
MAURICE SCHMID
BIOTROP, Bogor, Indonesia

ABSTRACT

-

When for a Jong time climatic elements have been considered to
play the main part in the distribution of tropical -plant communities recent
ecological studies are drawing attention to the role of edaphic condition in
controiling vegetation patterns. The majority of botanists still emphasize the
effects of the physical properties of soil, especially of its useful water-cap-
acity, however, according to very elaborated works on tropical forest of
Australia and Ivory Coast, the part of its chemical properties, particularly
of its richness in phosphorus, is also noteworthy. The matter is discussed
in consideration to land management. In appendix some data are given on
the main types of soils found in the Central South Vietnam and on plant

communities associated with them.
INTRODUCTION
General climatic factors have long been considered- to play
a preponderant part in the distribution of tropical forest communities.
However, since some thirty years, the strides made in the knowledge of
tropical 'soils.,, the development of ecqlogical researches at'~larger scales,
the problems raised by the degradafion of ovgr—exploited tropical forests
and the slowness of their regeneration, ror the difﬁcultie.s rﬁet in the
establishment of tree plantations haVe' led to pay much more attention to
the edaphic conditions in relation to tropical silviculture. Froin this poin
of-vie\v, interesting studies have been conducted in Australia (Webb, 1964,

1971), in North .Borneo <Ashton, 1964), in Ivory Coast (Hutte] el

Bernhard—Reversat, 1975), in New Caledonia (]affre et Latham, 1974).
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in Vietnam (Scbmid, 1962>, I_t is noteworthy that the most recent works

emphasize the part played by the chemical properties of the soil though

the effects of its physical characters, especially in their links with the

climatic elements, .have also given matter to elaborate studies.

THE EDAPHIC CONDITIONS AND THE VEGETATION

‘In relation to vegetational cover the edaphic medium may
be conéidéred without referring to the soil. So it is possible to classify the
types of vegetation on lithological or on topographical bases, or according

to the depth and the fluctuations of the water—table. That is convenient

where the pedological data are missing offor surveys af pretty small

. scales.

L

rocks, of forests on calcareous substratum, of vegetation associated to ser-
pentines or peridotites (New Caledonia), of psammochygrophilous and

pelohygrophilous forests (Ivory Coast) need commentaries. Likewise, the

differentiation of plant communities according to the relief leads to distin-

‘guish ridge, slope and valley forests, and the consideration of tha level aud

of the movement of the water-table to separate swamp forests from
forests on well drained areas.
In the central part of South Vietnam, where lithological mate-

rial is very diversified, the distribution of the plant communities and of the
rock outcrops are corrvelated : in similar conditions of climate and relief,
Gymnosperms are more abundant on granites, Fagaceae on dacites; on

basalts, Gymnosperms are rare buf in swamp areas Pinus merkusii s

30%F

The distinction between forests on basic or neutral and on acid
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generally associated to granmites, sometimes to basalts where drainage is
more or less impeded ; Pinns kesiya is generally associated with shales or

dacites.

The structure of thé forests on basalts is more homogeneous,
their flora is richer and the decidusus species are. more abundant and more
widely distributed. The typical ~mossy forest on organic rankjers seems
confined to granites. Concerning that formation, it is interesting to mention
in New Caledonia it appears only (_)_n'peridotites. _

However, withouf data on soils, it is not bossible to apprehend
thoroughly the éauses of the distribution of the pfémt communities, ab.ove
all to have a \:'alid idea on their dynamics: the stage of the succession
leading to the establishment of climax may be only recdgnized.ffom a
static point of view. Besides, the soil as product of the conjugated effects
of all the factors (cli_matic, edaphic, biotic) of the environment, past z_md
present, is undoubtedly a good and sensitive indicator of any change in the
medium, and its study is very important-in any detailed survey.

THE SOIL‘SVPROPERTIES AND THE'VEGE'_I‘AT!ON
Physical properties . - , _

Many hotanists still consider that fhe physical properties of the
soils are playing the main part in the distribution of the natural plant
communities : there is a ‘ link between tha‘E conceptidn ar_ld the priority
formerly reserved to the study of -the‘ effects of the climatic factors,
eépecially- rainfall ; so attention has particularly been paid to the soil useful
water - capacity ,"" |

The water—supply of the vegetational cover is not- only .depen-

dent on the rainfalls and on the physiéal properties of the soil (water—cap-
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acity, water—flow from the humid to the dry part of the profile) but also

on the renewal of soil moisture from the water—table, subjected to topo- -

graphical conditions and to permeability of soil and subsoil. It 1'; well

" known that sandy soils, as well as the upper level of the -water—table is

not too deep, are more “humid_ than clayey soils Besides, the water
supply depends on the extension of the root system, related to textural

and structural differentiation of the horizons, related also to variation

through the profile of the chemical properties. Finally vegetation on pretty -

chemically rich soils needs more watér than vegetation on poor acid soils..

_ The physical properties of soils have also to be “considered from.>

the point of view of the stability of the system soil-vegetation. Clayey
soils with degradéd structure are sensitive to shéeth or gully erosion ; in
the podzolic soil mountainous areas, under forest, lamdslides are frequent;
in zones affected by typhoons, the tallest forests often are found on pl'etty
shallow and stony soils, being constituted of trees having tap roots strongly

!
anchored in the subsoil (Araucariaceae).

. In Vietnam, on basaltic tablelands under monsoon climate, brown
soils from recent lavas, rich but shallow, and hydromorphic soils (grey'

or black basaltic earths), where the physical properties of the upper

‘horizons prevént the root system to penefrate deeply, are occupied by

dense deciduous forests (Lagerstroemia) or by open forests. In the case of.'
the forests on latosols (red basaltic earths), the part of deciduous tree
séecies is greater around Bah Me Thuot, where the concentration of min-
eral nutrients in the upper horizons is pretty high, than around Pleiku

where the upper horizons are very leached. Lowland forests on podzolic

. . { . . .
soils from old alluvial deposits \grey earths) are comparatively rich in
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evergreen Dipterocarpaceae. In mountains, the forest vegetal cover appears’

stronger but more heterogeneous on the granitic massifs, where the light
demanding species (Pimcs) may be locally abundant, than on the dacitic

21

. massifs ; in both, landslides are frequent under “virgin forests generally
" associated to podzolic soils, the underlying clayev horizon forming, when

" it becomes slippery by 'the effect of excessive humidity, a sliding level for

the upper horizon which mayv be carried away down the slopes owing to

the weight of -the big trees.
Chemicalk properties

2 Concerning. the effects éf the chémical properties of soils on the
distribution of natural plant communities, researches have been till now

limited to the part of major nutrients, except in the case of vegetation

associated to soils containing high percentages of poisonous material

’ . i : :
(ultramafic rocks, copper ores) whose extension is very restricted but

whose st_udy is especially interesting to understand some aspects of plant
,physiol(.)gy. :

. From the \'vorks carried on in Africa (Ivory Coast), in Australiz,
in New Caledonia, it appears that every major nutrient is following :

particular cycle, and that in tropical zone the amounts of available phos-

phorus are generally the more critical, except on calcareous parent material.

The amounts of 17_1itrogen have to be taken in consideration not so mu;lz 2
basic environmental data, since nitrogen is renewable from the atmosphere
thanks to the activities of saprophytic and symbiotic organisms, than in
their relations to the other factors which are conditioning the working of

the whole ecosystem.
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The amounts of available nutrients depend on the chemical

cornposition of the soil parent material, of the retention capacity of the soil

(cation and anion exchange capacities), on the bringing up by ground

'water‘ (in hilly av_reas,' fertility of soils at the foot of the slopes combared

with soils on the ridgés); taking in account the level of the reserves in
the majority of tropical forest soils, amounts of nutrients brought by rain-
fall (N, K, Mg> are_-not negligible, especially in coastal areas: they may

compensate losses by -leaching. But the conception of available nutrient has.

to. be discussed on physiological bases as much as on pedological

bé‘ses: the tree spécies, with or without the help of mycorrhiza, mayv
absorb nutrients which; according to soil analysis data, are not present
undef availablef states. So total phosphorLis conteﬁt may be more meaning—
fully related to distribution of plant communities than Truog phosphorus.

| Studfeé on tropical forest soils emphasize that in climax commu-
nities the living plant material is always containing a high percentage of
the total amount of mineral nutrients present in the whole soil-vegetation

ecosystem, ofteri, in the case of major cations, much higher than the soil;

‘besides the soil reserves are concentrated in the upper horizons, being

linked to the organic matter, and the .underlying horizons, especially in

the case of ferrallitic (Iatosol)‘soils; are generally constituted 6f chemically

almost inactive material, implicated only in water exchanges. The phe- -

‘ nomenbn is particularly pronounced in the ferrallitic soils on ultramafic

outcrops, where the upper horizons contain appreciable amounts of some
elements, Ca, K, P, which are nearly completely missing in the parent
rock. So the tropical forest ecosystems are especially unstable, the destruc-

tion of the vegetative cover leading to a strong disturbance of the upper
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soil horizons by . consumption of organic matter, leaching of nutrients
.orf/and losses to the atmosphere. Generally, on soils vér}" poor in nutrients,
the e\'ergfeen species with sclerophyllous leaves are predominating and
the organic matier tends to accumulate, above ali in conditions of impe&ed

rainage or in the presence of poiscnous elemenis (‘sulphides in marine

~ deposits, ultramafic subsoil). '

Phosphorus o _ :

After Beadle (1962) “it is possible (in Australia) to predict the
leaf—form (mesomorphic as opposed to Axeromorphic> and approximale size
of vegetation if the phosphate content of the soil (or parent 1néterial) 18

known , and in the sandy coastal region of South Queensland it is a
standard practice to assess site index for exotic Pinus plantations by the

total phosphorus content of the topsoils. However, other nutrients such as

calcium, may be significant in vegetation pattern areas (.Webb, 1969).
Bernhard-Reversat (1975), in a work on the rainforests of the

Ivory Coast, brings into_rélief the great disparity of the P content (total

as well as - available”> between the soils of the three stations studied; .

thé differences between the P cénfent of the litters are of the Saiﬂe' order.
Moreover she establishes that the cycle of the phosphoru.s Jis almost closed
"and that under natural conditions the losses outside the ecosystem are
negligible. In the case of soils on tertiary sands, the reserves in Nitrogen
are greater where the percentage of P is low, the compa.xratively hich P

content in the valley soils enhancing the activities of micro-organisms s

the losses of N by decomposition of the litter.
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In New Caledonia, on soils associated to ultramafic outcrops, the
P content of living plant tissues is abnormally low. -
The relations between the P content of the soils and the char-

acters of the vegetal cover has not heen yet studied in Vietnam. It seems

on basaltic 'ouf.cfops that the P content is varying the same way as

. exchangeable Ca content. Some hydromorphic soils under open forests are

pretty rich in total phosphérus.
Calcium and Magnesium
The " chemical fertility" seems réia-ted to the content of‘ ex-
changeable bivalent cations, the degradatipn Aof the exchange cem pvlex inducing
losses of both elemeﬁts and the lowering of Ca/Mg‘ ratio. Even in the
case of ferrallitic soils, on peridotites in New Caledonia, the ratio Ca/Mg
is genera_lly greater than one in the upper horizon hut in the depth Mg
becomes predominant ; on brown soils which are very rich in Mg and pc-or'
in Ca, the floristic composition of the vegetation is totally different.
According to Bernhard-Reversat (1975), Ca is not ;Vell retained
as P in the topsoils under the Ivory Coast foreéts, being not so quickly

reabsorbed by roots or microorganisms from the products of decomposition

of the litter: the losses in the leaching water would be compensated by

the bringing up of Ca from the rainfalls. However, theée data do not agree

always with thiem from studies on other eccsystems.

In New Caledonia, it is noteworthy that some iree species

(Arillasfrum) growing in the natural state only on ultramafic rocks, being

normally associated to* soils pretty rich in Mg, may be cultivated on sand-

stone or alluvial soils but do not tolerate calcarecus soils; other species
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(Acacia spz’rwjbis) seem to grow as well on soils very rich in Mg ‘as on
calcareous soils.
Potassium

According to Bernhard-Reversat, K would be the element which
is circulating the more rapidly through the ecosystem, the vearly cycle of
theAK being characterized by quantitative flow greater than the reserves
of the soil. The rainfalls bring to the soil large amounts of K from the

foliage they are passing through but, as in the case of the P, it seems

that the absorption by roots or microorganisms is very effective and the

losses in percolation waters are generally low.

The relation between the distribution of tree specieé' and the
richness in K of the soils have not vet been much studied. In Vietnam,
large bamboo stands are generally associated with soils having 2 compar-

atively high K content (granite or schist parent material>.

DISCUSSION
In the territories where, as in Vietnam, climatic and lithological

conditions are very diversified and often change greatly within short dis-

" tances, it seems that every plant community, or series of plant communi-

ties in the case of rapid succession on disturbed areas, is associated with

~ clearly defined edaphic conditions, generally with a soil well characterized
by its morphological, at léast by its analytical features. In disturbed arcas,

the properties of the soils may change in the course of the succession bu

the main features of the original soil remain normally a long time percep-
tible : according to the way and the extent of the changes,. and "by com-
parison with soils under undisturbed vegetation, it is possible to foresce the

way and the rapidity of the evolution. So the study of the soil brings
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reliable data in the survey of actual and potential distribution of plant

communities ; moreover it is retaining the advantage to not require, as in
the case of study of the climate, long periods of observation, and to reveal
narrowly loca‘l'ized variations of the medium.

Where the external ecological conditions 1'émaiﬂ uniform for lbng
distances it happens that distinct climax communities are found oﬁ' soilé
1ooi<ing similar. Besides, in the case of old and complex ecosystems, such
as tropical forest, soil and vegetation are forming a cloée entity, felatively
isolated of the outside environment whose effects are more pronounced on
the seéond’arylthan én the climax plant comrnunities. It may then be
dxfflcult to discern in edaphic or pedologic medium vanatlons which are
sxgmfxcant to Vegetat1on living, and still more difficult to give them a
right mterpretatlon |

From the works to which we have 1efe11ed the main data to

collect on soils could be :

_ Concerning morphological characters of the profile:

Aspect of the litter, depth, continuity, and their seasonal changes;
colour, depth structure of the.upper horizons and distributibn‘ of the routs
through the profile ; level on the profile where the effects of processes nf
accurnulanon (per ascensum or per descensum) are obvmus depth of soil
over the underlving presumed parent material, eventuallv over the water-
table (at least if this deptﬁ_is not greater than a few meters).

Concerning physical properties:

Texture and structure (_shape, s%ability);

moisture capacity (_for each horizon).
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Concerning chemical properties :

pH (on the field and after drying); base exchange capacity,

exchangeable Ca, Mg, K; total and available" P (fbr pH,

exchangable cations and available P, data on seasonal cycles

would be useful).
Concerning mineralogical composition :

Types of clay and/or hydroxides ; residual minerals.

When the knowledge of the soils is useful in vegetation survey,

reciprocally the study of the distribution of the plant communities makes
easier for the pedologist the delimitation of the different soil unities.

However, to this end, the climax formation, for their floristic richness

and their tendency to constitute close ecosystems, are not so interesting

that secondary formations where the plant species being more straightly

depending in the behaviour on the environment appear as hetter indicators

of the ecological conditions. So, in Vietnam, floristic. composition of her-
baceous strata in savanna on basaltic red earths appears closely related to
the degree of evolution and leaching of soil.

IMPLICATIONS TO LAND MANAGEMENT

It is clear that for the.correct delimitation ‘of the area:‘to be

maintained under protection forests and of the areas to be reserved for -

logging activities or to be brought in different forms of cultivation, it is
necessary to refer to the properties of soils. ' . " N

The choice of the protection areas is based on environmental,

scientific, social or aesthetic criteria too well known to justify amy

discussion.
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Surveys in view of proper delimitation of explpitable'forest, have

to b2 accompanied by researches on methods of logging and silvicultural

practices, to‘maihtain, if possible to improve, the productivity. Considering
that, at least in the tropical countries, steady manuring of forest soils is

unrealizable, the knowledge of their chemical properties is very important

to regulate the exploitation. On soils rich in mineral nutrients and having

a good exchange capacity, the regeneration will he easier; on deep soils,
wherel the nut;ients are concentratéd in organic upper horizons, the
exploitation has to bé conducted carefully,vpartiéularly .\v_here there is risk
of erosion: to lay bar_e the soil, even for a short time; has to he avoidéd;
on soils déep and chemically very pdor, whatever the_ relief and the actual
state -of the’vegetati’on.' may b_e, only light exploitation (forest products
héving high commercial Value) will be aﬁthorized and the maintaining .of

protected forest is advisable..

Concerning the areas open to cultivation, the physical -or the
chemical proberties of- soils will be considered first, according to the type
of culture which is planned. The physical properties are held as the mest
important in the case of intensive agriculture where it is possible to bring
to the soils.‘ large quantities of fertilizers: that- ca'sg is still restricted - to
very h'mite:d areas. The soilé .not very deep and pretty rich in nutrients,
even if their physical properties are not very good, appear geherally sui—t-
able to anmja[ crops. It is always preferable to maintain deep soils under

crennial cultures or under permanent pastures (pl’ants with extensive root

systems). Forest plantations (for production or only for reclamation) may

thrive on the poorest soils, where the physical conditions are not to bad,. -
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WY with Specigs havihg mycorrhiza, So, in Fiji islands, Pinus caribaca is

| growing well dh very evoluted and leached .ferrailitic sbils. which were : Ashton
covered before its-introduction by a meager steppe vegetation. Under Pinus,
the soil is improving by incorporation of organic matter and fixation of ‘ Beadle,

some nutrients; however in other sites, on not no poor soils, plantations

- of ‘pines may depress the fertility. Bernhar
L . » . .
To 111L_|str_ate the remarks a]Jo_ve some data on the main types of
soils in central part of South Vietnam and on the vegetation' associated Huttel
] ) . uttel,
) with them, are given in appendix with some suggestion in matter of land
) managemert.
Jaffre.
It
Latham.
Schmid,
1 Webb.
Webb, I
Webb, I
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" APPENDIX 1. MAIN TYPES OF SOILS AND PLANT COMMUNITIES IN CENTRAL PART OF SOUTH VIETNAM

Abbreviations:  D.S.
| A.B.
Uw.C.:
U.H.
"R

BEC. :

AE.
C.

I
R.

duration of the dry season (in 1nont11§>
annuai rains (in mm)

useful water capaéity of soil.

upper hovrizons.

reserves in major n‘utrients

hase exchange capacity

: Available elements (exchangeable Ca, Mg, K, and P)

climax.

: . regressive series.

. ratio of follow to culture duration

Type of soil and environment

Main properties of . Plant community

Soil associated - -

Land Management

. Deep, twell drained soils
Ferrallitic soils (]al:oso]) on’
hazaltic tablelands (\hnsallic red

enrnm)

a0 Naoaren esncrett s n the

U.W.C. high Semi-decidunus tall

Shifting cultivation



I. Ferrallitic sails(lal.osnl) on

hasaltic tablelands (l;asaltic red

earths)

a) No iron concretions in the - U.W-.C. high Semi~deciduous tall Shifting cultivation
oy .upper part of the profile “A.E. in UH. (within the “forest .(Meli,acc‘ae, (R: 1to lf) (on wood-
(within at least the first” two first 20~30 cm under forest) Sépindaceae) (C) land or savanna). b
. mcters>. Crumb structure : high, medium or low under- | Semi-deciduous Plantation <coffee,
D.S. 3-5 neath. R. low or medium woodland. : Hevea).'
"A.R. 1800-2200 B _ Imperata or
Eupatorium savanna

- , \L Themeda savanna.

b') No iron concretions in the U.W.C. high Evergreen low forest (C) Forest plantatiohs

K (Pines)

' upper part of the profile A.E. very low. Aw}voodland, open
. % Dust structure . . R. very low woodland (Eurya....)

D.S. 4-6 severe ' Arundinella savanna

A.R. 2.500-3.000 (l’lciku) ~ Avistide grassland
»l« (treeless).
B. Not vcry deep or shallow soils, -

not perivdically flovded




Brown red or dark brown soils on U.W.C. mediumn

basalts
D.S. 3-4
A.R. 2.000-2.500

Black rendziniform‘ soils’and

young skeletal soils on hasalt.

Sandy shallow soils (very
heterogeneous> on grarﬁtes.
D.S. 4-6
AR, 1.200-2.000

d) Organic rankers (on granites)
D.S. very short
"AR. 3.000-5.000 (1)

q) Brown and palo ~hy avn leached

A.E. high
R. high (Except for K)
B.E.C. high

"UW.C. low

A.E. and R. high

U.W.C. low

A.E. medium or low

R..medium (high _for K)

U.W.C. high
ALE. low.

U.W.C. medium or low.

Tall deciduous forest,

<Legums, Lager’stroemia)

(c)
| Woodland more me

»L less deciduous

Woodland or
Woodland-savanna
(Leucomeris)

Low open forest
<deciduous Dipterocar-
paceae) |

Rare stands of Pinus

merkusit.

Elfin forest
<Gymn03perms,

Fagaceae)

Deciduous {orest

Shifting ‘cultivation

on woodland (R: 1/2 »
to 1/ 5) Forest exploi-
tation. In some places;
plantations (Coﬁee) or
annual cultm.'os

No potential

To protect against

firc.

To protect

Protection forest.

Exploitation of Bam-

soils : 5t % an i ‘
nils on shales or sandstones. AL, and R. medium or low (Lagerslroemia, Legums)




d> Organic rankers (on granites) U.W.C. high Elfin forest To protect

D.S. very short A.E. low. . (GymnOSpefms,
A.R. 3.000-5.000 (?) Fagaceae)
e) Brown a‘ndA pale—brown leached ~ U.W.C. medium or low.  Deciduous forest o Protection forest.
soils on shales or sandstones. ' A;E. aﬁd R. medium or low <Lagerst7'oemia, Legums> Exploitation of Bam-
D.S. 4-06 ' . : (sometimes pretty high with bamboos. boos. .
- AR. 1.500-2.000 for K) * | Bamboss

% . . , - \L Bush.

or open forest

i ﬁ,‘ i3y .\I .3

(Dipteroqarpus tuberculatus)

‘f) Eroded soils on élla]es or . v' UW.C. low . 3 Open fofest with small To protect against’
sandstones ' A.E. variable often low. Bar.nboos.- o - fire.
D.S, 4-6 | | | |

'.7:,13 AR. 1.500-1.800

4 C Drainage impeded within ‘uppe)'

2 | horizons but flooding rare.
‘ I. Hydromorphic (ir’on concretions U.W.C. low (bad structure Open forest (Peniam.;w, To protect aga_inst {ire

ot iron pan>, vertic (clay layers> pre‘venting extension of the Shorea) with low strata Rarely,.shifting-»




soils on basalt. (basaltic grey roots to water—table) having rich flora ~ cultivation

black earths) . A.E. and R. variablc, (grasses, Legums,
A.R. less than 2.000 sometimes high. Compositeae ). ‘
IL. Decp soils on colluvial | -U.W.C. high =~ ‘Tall evergreen forest Protection forest or .
deposits (especially at the A.E. variable (rencwable (Gymnosperms, Cnryoin.) light exploitations
foot of granitic Slopes) . from the water—table>

A.R. generally high.

D. Periodical flooding but pretty | U.W.C. high (supp)y from Tall grass savanna Sugar~-cane éu]tui‘é.
rapid drainage. the water'—tablc\) (Saccharao, Plrragmiles) (\;/i(h irrigatinn)
Silty or silt—sandy' ~ AE. and R. variable  trees rare (Stephegyne) '
alluvium. R generally pretty high.
E. Periodical floodihg, slow drainage | ) .
I. Clayey séils on hasalts .~ - TU.W.C. limited in D.S.  Savanna (A?un'dinella) In some places
(often heterogenebus) | A.E. variable, often h_igh. Grassland (Sacciolcpis) rice—fields or 1)asf1}1'es.
A | R. high : .
II. Silt-clayey soils on young ~ U.W.C. high. Grassland ({Echinochloa) Rice-fields ot pastures
alluvium. A.E. and R. variable, : ' 4 (Buffaloes), in some places °
sometimes high. " sugar-cane. :

A R

|



11, Silt—clayey soils on young LWL high, Grassland \ zemnocioa) Kice—1Llelds of pdstlues

alluvium. ./\.E.Aand R. variable, : ' ’ _ (Buffaloes), in some places
sometimes high, sugar—cane,
" 111 Suils on iron carapace. U.W.C. very limited in D.S. Open forest (Randia) . To protect against fire
A.E. medium or low. or savanna (Arztndinella) |

k. Soils permanently soaked, generally

rich in organic matter.

I. At low or medium altitudes. U.W.C. high Evergreen forest Areas to protect
A.E. variable (D(wrycarlms, Eugenia,
B.E.C. high Palms..) or swamp

savanna (Nepenthes,r
Orchids, rare stands of

. Nclumbz’um....)

1I. Peat soils at high altitudes. U.W.C. high : Woodland Areas to protect;
A.E. 10\\}. | Swamp savanna vegetable gardens.
<Osmond(z, Xyris,
: sl« Splmgmmz), |
U.W.C. high or medium Evergreen fo'r_est - Shifting cultivation

(R: 1/5 to 1/10) <on

F agacéac woodland)

c) Iron concretions or more ur

less discontinuous carapace ALE. medium in'U.H., low (Fagaceae, Schima,

within the upper part u‘f ‘ underneath, Dipterocarpaceae) (C)




the profile, =~ R. very low. Woodland <Vucciniu,m.> Forest exploitation (light)

D.S: 2-3 Open stands of

A.R. 2.500-3.000 Pinus merkusii
(Dak song and Bao Loc Chrysopogon or
areas> : L Kerriochloa grasstand

(treeless>
. Leached ferrallitic or ferrugi- U.W.C. medium Lvergreen forest - Shifting cultivation

neous soils (qlose to red and  A-E. medium in U.H., low (Fagaceae) (C) . (R: 1/10 to 1/20
yellow podzolic soils) on shales underneath Woodland (Fagaceae. Plantations <foresl: or
or dacites. - R- low (somktimes pretty Tiliaceae..v..) Bamboos teé> .

Relief gencrally jst'rong high in the case of K).A _ Pinus Kashya

D.S. 2-3 o ) . Bush (Rhodomyrtus,
AR.2.000-3.000 IR \” Mele'zstoma) |
Dz'cmno'pteris_‘
11I. Podzolic “soils” more or _1éss
sandy within the upper part of

the profile.

a) On granites. U.W.C. madiuim Evergreen forest, tall Protection forest



1.

2)

Podzolic  soils  more or less

sandy within the upper part of

the profile.

On granites.
Relief strong; depth very
variable ; rock outcrops

frequent.

DS. 1-¢

A.R. 2.500-4.000.

On old alluviuml
Relief weal; soil
homogeneous, withé.ut
rock outcrops.

Pretty often water-table

“U.W.C. medium Evergreen forest, tall Protection forest -
AL and R, low (excgpt but ﬁot \7e1"y dense. . Very light forest
for K). <Gymno$perms, Fagqceae) exploitation
B.E.C. linked to organic' <C> at high altitudeé _ (Cz'mmmomum,
matter, Evergreen forest _ Cnpressaceae>.

U.W.C. medium (but

<Podo‘car.paceae, Diptero-
i:afpaceae) al medium
altitudes (C)

Pinus merkusii

Tall evergreen forest Forest exploitation.

“supply from the water— Dipterocarpaccae) (C) . Plantations (Hevea)

‘ table) AL, and R low

within few meters. (Grey earths>




Aksornkoae

Schmid

Sukwong

Schmid .

DISCUSSION

You mentioned that shifting cultivation is managed in

deep, well drained soils and not vervy deep or shallow
soils: what kind of cultivated crops in order to increase
the vield in such areas?

On the deep ferrallitic soils rich in Cg and P, it is possible

svhere the climate is not too humid to cultivate annual

- plants (rice, tubers, etc.) but it is better for increasing

the economical yie‘]d: to plant coffee (C. mbu_sz‘a) or Hevea.
The brown shallow soils, chemically very rich, hdve to
be maintained under forest. | .

For the distribution of individual species such as Pinus
spp., the bhiotic factor _<¢ompetition> is also important.
On fertile soil with dense undergrowth seedliﬁgs are .\fery
rare, but on area lacking undergrowth such as newly cut
road bank, regeneration is abundantly found.

The case of >Pi7ms dalatensis 1 mentioned is proper i~
_granitic areas Wﬁere pocizolic soils are commbnly -developed.
This species 1s common in virgin fore;t, i.e., in areas
undisturbed by man but subjected to landslides. (natural
ac¢id¢nts) which denude totally the slopes. P dalaicasis .
is-also abundant on the ridges (between 1560 m and

2500 m).
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