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Preface

This report deals with the influence of shifting eultivation
on some soil profiles of ferrallitiec goile in Surinsm. It is a result
of research carried out during the period October 1973 = June 19Th in
the Brokopondc distriet with assistances of the Centre for Agricul-
tural Regearch in Surinam, The research formed part of the subject
'tropical soi: science' supervised by Dr. J. Bennema, professor of
Tropical Soil Science at the Agricultural State University, Wageningen,
the Netherlands.

A preliminary report of the investigations was published as
report number 96 of the CELOS. The present paper contains more complete
information 28 additional dats about texture and micromorphology came
aveilable in the meantime.

At the completion of this report I wish to express my sincere
tharks to Dr. J. Bennema for his valuable help and criticism, and to
Dr. J.F. Wienk, director of the Centre for Agricultural Research in
Surinem who gave me the opportunity to carry out the investigations,

I am grateful to the laboratery of the CELOS in particular to
its head, Mrs. Tjon Eng Soe-Monsanto, for the indispensable contribu-
tion to the chemical analysis, to the laboratory
c?f the Agricultursl Experimentzl Station in Paramaribo for providing
some a2dditional chemical data and to the laboratory for micromorphology
of the Agricultural State University in Wegeningen for preparing the
thin sections.

Ir. W. van Vuure is gratefully acknowledged for his assistance
during the field work and Ir. R, Miedems for his sssistance in investi-
gatingz the thin sections,

A special word of tharn:g is due to Laurence and Gerrit Petrusi
for their help and friendship during my work in Surinam.

» In conclusion I thank Mr. Frans Cnoops for correcting the
English text and my wife for preparing the manuscript.



SUMMARY

To study the effects of shifting cultivation on the soil
soil samples were collected from seven sites representing different
stages in soil use, viz. 1) more than 100 years old secondary forest,
2) two months after burning forest as under 1, 3) seven years old
secondary forest, 4) two months after burning forest as under 2,

5) ca. three years old secondary forest, 6) ca. 15 years old secondary
forest, end T) over one year after burning forest as under 6,

These sites were situated near Dreipade in the Brokopondo
district on well drained terrace poils of Fleistocene age, i.e. ferral=
litic soils classifled as Ultisols. The shifting cultivation systen
practised by Bushnegroes on these soils has only one cropping season
with rice and cessava as main crope.

Soil samples were analysed with regard to texture, bulkdensity,
organic carbon, nitrogen, CEC, exchangeahle K, Ca, and Na, pH-HoO,
pH-HC1 and P-~Bray I. In addition, a number of samples were percolated
with distilled water to obtalin an idea of the mobility of various ions
in the soil, such in relation to possible leaching.

The percolated solution was analysed for P, NO4, C1, HCO3 and organic
carbon., Finelly some thin slides from undisturbed soil semples were
made for micromorphological investigation.

The following results were obtained:

Pore space. Pore space for the first 10 cm of the heavy terrace soils
was found to be 60~-70% under forest, decreasing to 50-60% when used
for shifting cultivation; the pore space is restored within 7 years.

The bulkdensity profiles showed a typical shape. From 0«25 cm
buikdensity increased strongly whereas from 25-T0 cm it decreased
slightly. Below 70 cm bulkdensity increased again. Thus the soil
profiles showed a minimum pore space between 25 and 35 cmj for heavy
terrace soils this minimum lay between 41 and 47%, for light ones
below 40%.

. The typical shape of the bulkdensity profiles might be explained
bty an exponential decrease of the organic matter content with depth
and a strong increase in clay content between 25 and TO cm.

The compact layer in the top soil may impede root growth of crops
in shifting cultivation but it certainly will after further compac—
tion as a result of mechanicel clearing.

Organic carbon. The carbon profiles could be described with the
equation c=apP in which ¢ denotes the carbon content as weight per
volume and p the depth. The equaticn is valid from 3 to 10 cm below the
soil surface depending on the stage in soil use, up to e depth of 90

to 170 cm.

Changes in organic carbon content due to shifting cultivation were
limited to the upper 10 em, Considering a profile under old secondary
forest as a reference the amount of organic carbon in the Upper 10 cm
decreased ahout 15% after a second use of the profile for shifting
cultivation within T years. The original carbon content in the upper 10
cnt of the profile may have been restored after a fellow period of 15
years.

Nitrogen. The C/N ratio varied from 11.6 to 13.0. The amount of nitrogen
stored in the soil under a balanced shifting cultivation is large and
nitrogen nutrition of erops is satisfactory.
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CEC. The contribution of the clay to totel CEC appeared to amount
2.2=5.5 meq per 100 grams clay. These figures are low due to the fact
that kaolinite was dominant in the clay fraction. The contribution of
orgenic matter emounted 2.6-3.1 meq per gram carbon.

From a view-point of a regular and well belanced provision of
both natursl vegetation and crops with plant mutrients the actual ard
potential contribution of organic matter to total CEC is of special inte~
rest in respect to the contribution of the clay in the terrace soils.

Potassium. K was very mobile in the soilj; over half of the amount deter-
mined by smmonium acetate percolation was water soluble. A large part
of the potassium from the ash comes into the s0il solution so that it is
rapidly transported through the profile. FEnrichment with K from the
ash - wes found up to a depth of 30 cm after two months. Profile Ky (two
monthe after burning forest of more than 100 years 0ld) was estimated to
be enriched at & rate of 200 kg/ha, profile Kp (two months after burning
forest of ca, T years old) at a rate of 100 kg/ha. Changes in the ammounts
of aveilable potassium after burning were of short duration; they had
diseppeared after a year, , .

Compensating negative charges necessary for the transport of
potassium and other cations (particularly smmonium snd sodium) were
provided by bicarbonate and probsbly also by organic ions, Due to
leaching part of the potassium fraction from the ash may be beyond the
reach of shallow rooting annual crops.

The total amount of exchangeeble potassium in the upper 100 cm of
the soil under forest had been estimated at 100 kg per ha at the most.

Caleiun. Caleium was rather immobile in the soil. The calcium added by
the ash gave rise to an enrichéd top soil for a nurber of years, Losses
due to leaching and to ecrop removal are small. The amounts of celcium
released during the burning of the vegetation were estimated at some
hundreds of kilograms per hectare provided the period of fellow was long
enough.

The amount of ealcium present in the soil after burning is not
strongly limiting to crop growth during some years.

Sodium. Like potassium sodium was very mobile in the s0il. The amount of
water soluble sodium expressed as a percentage of the quantity determined
with ammonium acetete percolation, increased after burning from 35 to

T0%.

pH-H-0 and pH-KCl. The increased pH after burning, mainly reflecting the
sctual acidity (pH~Ep0) is chiefly related to the addition of ealcium
by the ash. The increase amounted to 0.4=1.1 pH unit in the upper 5 en
(i.e. from 4,2-5,3 at most) and was maintained as long as the top soil
remeined enriched with cesleium, viz. about three years.

Fhosphate. The amount of available phosphate (P-Bzzy I) in the soil under
forest was very small, viz. 1=-2 ppm in the upper 10 cm. This amount
directly increased with the phosphate released during burning to 8 ppm
at most. After two or three crope the quentity of available phosphate
present at the start of the cultivation period will be exhausted.
Therefore phosphate very quickly hampers a prolongation of the cultiva-
tion period.

The available phosphate left in the soil after one crop is absorbed
by the developing fallow vegetation. The fraction of aveilable phosphate
is not restored until the secondary vegetation is several years old,
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Micromorvhology. Shifting cultivation probably gives rise to a renewed
or accelerated process of clay illuviation in the studied soils, Under
virgin forest, i.e. high pH values and alternated wetting and drying
of the top soil being absent, this process mey have stopped or stabili-
zed at a low rate,

The proportionel distribution of pores with & dismeter less than
2 mm appeared to be very stable under present land use, but the total
number of pores with a diasmeter legs then 0.5 mm appeared to decrease
during the cultivation period.

1. INTRODUCTIORN

In Surinam & wide range of different landscapes and soil types
belonging to it occur. Crossing the country from the north to south a
remarkeble diversity can be observed, Bordering the Caribbean Sea in
the north is & large coastal plain with heavy clsy soils and locally
superimposed sand or shell banke. South of this plain a savanna belt
extends in east-west direction; here bleached and non-bleached, sandy
end loammy soils occur, Finally one reaches the interior part of
Surinam, largely covered by evergreen rain-forest.

The soiles under this vegetation are characteristic for the humid
tropical climate prevailing in this country; these are the red and
yellow tropical soils, in the Americen soil texonory known as Oxisols
and Ultisols. They cover the larger part of Surinam,

For centuries these soils are used for shifting cultivation by
Indiens and Bushnegroes, This system of agriculture has proved to be
an effective adaption to the low potential of the soils in question.
However, shifting cultivation is & very extensive kind of land use.

A ghort cccupation period is alternated a long fallow period, There-
fore population density in areas with this agricultural system must be
low. If the equilibrium between population and availasble land is up-
set the system will exhaust natural resources. The consequences are
kn®wn: a vicious circle of decremsing soil fertility end decreasing
harvests, accompanied with soil erosion and deterioration of the
naturel vegetation., In Surinam land shortage is a problem of local
importance till now; but in future this may change and the need of
more productive agricultural systems may become more urgent.

In contrast to experience with the soils of the ccastal plain
experience with other sgricultural systems on the inland soils is
still scarce and of recent date. A previous attempt made by colonists
in the 17th century to establish plantations was not succesful. It
was not till fifteen yecars ago that a new attempt was made. Now there
exists an experimental citrus plantation at Baboenhol, an oil pelm
plantation at Victoria and an experimental garden at Brokobaka. In the
experiments main attention is paid to perennial crops such as oil palm,
citrus, cocoas and coconut, but possibilities of grass production are
also examined, .

Among the various types of red and yellow tropical soils in
Surinam the old terrace soils along the rivers are of special interest.
The reasons therefore are their good thysical characteristics, their
occurrencein flat areas and their location near waterways. Chemical
soil fertility does not differ fundamentally from other types of
inland soils. They are poor in nutrients.
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Because of the sbove mentioned qualities the old terrace soils
along the Surinam river were of primery importance for experiments
with permenent agriculture. So the experimentsal citrus plantation at
Baboenhol end the oil palm plentation at Vietoriz have been establlshed
on these soila.

The present study gives attention to the old terrace soile along
the Surinam river nesr Dreipade and the shlftlng cultivation system
practised there by Bushnegroes. -

An attempt is -ade to analyse the effects of shifting cultivation
on the s80il. FPor this aim seven profiles were selected and analysed in
deteil concerning physical, chemical and micromorphological characteris-
tics. The obtained data will be compared with data slreedy known of
similar soils.

In the following a broad sketch of the shifting cultivation as
rractised by Bushnegroes will be given. Special attention will be paid to
the role the g0il plays in the system,

Generally srpeaking shlftlng cultivation is characterlzed by the
following cycle:

8) clearing of the forest (or savanna vegetation) and burning of the
felled vegetatlon in the dry season;

b) mixed cropping of food plants during some years (1-3),

¢) a fallow period in which a secondery vegetation develops and soil
fertility is restored naturally in whole or in part.

The custom of the Bushnegroes in Surinam is for nmen to choose a forest

plot at the end of the long rainy season in August. The plots average

0.5-1 ha, Then the forest is cleared.

Usually no trees are left standing excepted palm trees which
provide edible fruits. Burning only starts after the felled trees send
the litter layer asre dry enocugh to burn thoroughly. Because the dry
season is irregular and unrelisble in Surinam a long period nay pass
between clearing and burning; sometimes one will have to await a dry
period in the next year, After burning the plot has to be cleared .of
unburnt branches,

PlLanting and sowing of the crops is done by women, Tillage does not
extend msking plent holes and covering seed. Within & short period a
great variety of crops is planted or sown in & mixed culture, viz. rice,
cassava, sweet potato, yams, dasheen, tania, maize, bananas, plantains,
vineapple, sugarcane and some octher vegetables. Rice and cassava are the
most important erops. As & rule there is only one cropping season, but in
rare cases rice is sown twice before sbandoning the plot. Generally crops
grow rapidly in the ash enriched soil. Therefore crops have a better .
start than the spontaneously developing vegetation. This secondary
vegetation originates from seeds elready stored in the forest soil and
from shoots of tree stumps and from diespores which invade the plot
after burning. '

Cormonly weeding is restricted to what is needed for harvesting
the crops. The plot is abandoned after sbout two years because
harvesting of some crops is continued into the gecond yesr. Probably
the reason for this early sbandonment mey have grown out of the experience
that harvests will rapidly decrease and weeding will require a lot of
labour during continued cropping.

The duration of the fallow perlod is unknown. It does not seenm to
be limited anyway. ‘
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From an ecological point of view soil and vegetation together
form en ecosystem with a complicated structure, Considering the climax
vegetetion, virgin forest, soil and vegetation together are in
equilibrium. This is s dynamic equilibrium. Expressed as vegetative
biomass the forest has reached certain proportions. NYE & GREENLAND
{(1960) give some figures which apply to a fallow of 40 years old.
Although these figures refer to secondary forest, they will give an
idea of the vegetation the farmer meets in a Favourable situation.

In the cese of 40 years 0ld secondary rain forest near Kade, Ghana,
the total bulk of organic material contained in the vegetetion (roote
excluded) emounted to circa 300 tons dry weight per ha. This material
contained 1781 kg ¥, 122 kg P, 797 ke K, 2457 kg Ca and 337 kg Mg.

The quantity of organic materisl on an sverage per annum produced
in a situation of equilibrium mey be essumed to equal the quantity which
decomposes., This applies not only to the biomass of the vegetation but
2lso to the organic nmatter of the soil. The organic matter profile -
which mesns the orgaenic matter content as a function of depth - i3 also
in equilibrium under virgin forest; that is to say the rate of humus
accumulation equals the rate of humus decomposition in every horizon.
Most Oxisols under virgin forest have simple organic matter profiles,
due to the only gradual changes in clay content with depth and due to
the absence of horizoms which impede root develomment in a mechanicel
way and of subsurface horizons with marked sccumulation of organic matter.

Congluding one could say living processes in the ecogystem give
rise to certain distribution of organic csrbon between soil, litter
layer end biomass itself. But the conclusion is not only velid for the
element carbon; it applies also to other elements involved in these
processes as nitrogen, potassium, calcium and phosphate are, The distri-
bution is not a static one, Each element is turning continuously in a
nutrient cycle between goil and vegetation. The complete cycle, together
with the loss and gain processes are illustrated in Fig. 2.

The nutrient cyele is of an essentiel value for maintenance of
the forest., Maintenance is only possible if there is permanent growth
and production of orgaenic matter. The amounts of nutrients available for
uptake by plants being limited, there is necessary s continuous recycling
of the same mineral nutrients. Availability is a matter of specisal
interest to the element phosphate, because totel supply of soil phosphate
may be large but the gquantity available for uptake by plants is always
small,

The rate of turnover of the elements in the nutrient cycle under
forest is very repid. Using data from Kade NYE & GREENLAND (1960) calcu-
lated the annuel turnover of mutrients expressed as a percentage of the
total capital stored in the vegetation as follows: N 11%, P 11%, K 32%,
Ce 12% and Mz 18%. The high figure for potassium is a consequence of
the high rate of leaching out of leaves by rain. Of course in younger
forest the turnover is a greater proportion of the storage.

Net losses from the cyele under virgin forest will be small or
even absent. Leaching of nutrients and removal by erosion is prevented
by nutrient uptake and soil protection of the vegetative cover. Besides
there is a certain addition of nutrients to the system in the form of
rain and dust fall end nitrogen fixation due to microbisl processes.

However thig situation of equilibrium will change thoroughly as
soon as the forest is cleared. Living processes within the ecosystem
which formerly gave rise to the sbove mentioned distribution of elements
are suddenly stopped. Plant biomass, the litter included, is burnt.
Carbon,nitrogen and sulphur are lost by volatilization consequence of
burning. Other elements essential to plant feeding are spread in the ash
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on the surface of the #oil in the form of carbonates, phosphates and
gilicates, Certain amounts of nutrients are left in unburnt stumps.

The nutrient cycle is cut. Production of living orgenic material
hag stopped and probably also hurms accumulation in the soil, On the
other hand decomposition of humus will proceed at an inereased rate
because of an increased soil temperature,

Leaching losses may become important now because ahsence of g
transpiring vegetative cover gives rise to an increege in leaching by
rain water, because the concentration of anions in the soil solution
increases as a result of a more rapid mineralization of organic matter
end because root uptake of ions has stopped practically. Besides burning
adds large amounts of mineral salts to the soil; as far as they are
soluble these salts will be transported readily through the profile
during the first heavy rains. Finelly if the soil is not very permeable
end if the srea in which the plot is situated has a slight relief there
will be &also conaiderable losses of nutrients by ercsion of ash.

However the ash is a very importent source of nutrients for the
crops grown in shifting cultivation because natursl fertility of the
s0ils in question is low. In this respect nitrogen and also sulphate
nutrition of the crops teke in a special position. Because all nitrogen
and sulphate stored in the forest is lost in the burn on clearing it is
only soil nitrogen and sulphate that can be used by crops. As a rule
nitrogen nutrition is satisfactory because of a repid mineralization
of humus. Sulphate might be deficient in many cases.

Harvesting the crops certain amounts of nutrients are removed
from the plot., Besildes, decomposition of organic matter and leaching
cauge impoverisghmert of the top soil. Depending on genersl level of
soil fertility this impoverishment limits cropping to a more or less
short time. As & rule goil fertility in shifting cultivation is short-
lived indeed,

If long enouga the fallow which comes after the cccupetion period
will restore soil crtility. This restoration proceeds slong different
lines. In contrast to annual crops the fallow vegetation is able to
take up nutrients trcm the subsoil by its deep root system. These
nutrients are stored partly in the vegetative biomass itself, partly in
the top so0il, Incremsnt of the soil nitrogen comes from microbioclogical
fixation both in the soil and in the phyllosphere (RUINEN, 1965) and
in the rhizosphere.

The rate of nutrient immobilization in the forest fallow varies
with the age of the fallow, BARTHCLOMEW et al. (NYE & GREENLAND, 1960)
found out in Yangambi, Congo, that with exception of P after five years
the same amounts of element had been immobilized as half of the amounts
accurilated after eightteen years. On an average of the first five years
followingz amounts were immobilized per annum per ha: 111 kg N, 6.1 kg P,
88 xg ¥ and 82 kg CatMg; on an aversge of the first eightteen years
these figures were: 38 kg N, 5.8 kg P, 33 kg K and 15 Kg CaiMg,

The effective accumulation, aiming at the quantity which can be
liverated from the vegetation by burning will be at its maximum after
sbout twenty years (LAUDELOUT, 1961).

Increasing the age of the fallow increases the immobilization of
nutrients but this is mostly due to the weight increase of larger woody
parts.

FNext to the restoration of chemical soil fertility an improvement
of the physical constitution of the soil occurs at the seme time during
the fallow period. Although in forest regione deterioration of soil
structure is not striking as a rule because intensive tillage is sbsent,
a little more compact surface layer leads rapidly to a gtrong decrease
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of the infiltration rate and to subsequent lossges of ash by increased
run-off. Therefore an improvement of the soil constitution by a forest
fallow is favourable for minersl nutrition of the crops grown efter
.burnlng.

The present study w111 discuss some changes in soil charscters
a8 a result of shifting cultivation against the background of the
above broadly sKetched processes.,

A preliminary report has been published in report no. 96 (in
Dutch) of the Centre for Agricultural Research in Surinam (CELOS)}.

This report also containe conprehensive agronomic information about
the ghifting cultivation system used by Bushnegroes in the Brokopondo-
digtriect, Surinam,

2. METHODS AND MATERIALS
2.1, FIELD RESEARCH

The research was carried out on the terrace soils of the Surineme
¥iver in the Brokopondo-district near the village Dreipade.

To allow for & comparison to be made between some important
stages in land usé soil samples were collected from seven different
sites. These samples came from profile pits with sampling deptha:
0-2-5 m’ 1-3.5, 205""5? 305-6’ 5"'7-5, 6-8053 705-10, 10—12-5, 1?-5"‘20,
25'27059 3205-355 hs-hToS; 5705-609 70"'72-5: 87-5-903 105"107.5!
125-127,5, 147.5=150 and 170~172.5 om,

: Because sampling depthe within the 0-10 em layer are overlapping
the samples in this layer hed to be taken next to each other. There-
fare the first seven pamples do not refer exactly to the seme soil
column, the samples below 10 cm however do. :

All samples were tesken with 50 cc aluminium tubes of 2,5 cm
height to know volumina exactly. For each thin layer four cores of
50 cc were collected and they were mixed to a sample of 200 cc which
was ugsed for analysing.

» Apart from the samples teken from the profile pits samples were
collected at five different places lying ell round the pit in a circle
with diaméter of about 5 m. They come from the depths 05 cm end 510
cm, For this purpose aluminium tubes of 100 cc and 5 cm height were
uged, These samples give an idea of local varistions in the top soil.

For micromorphologicel anslysis undisturbed soil samples were
collected by means of small metal boxes.

2.2, LABORATORY RESEARCH"

. The following methods were used for analysing.

Bulkdensity : determination after drying during 24 hours
at 105°C,

Percentage fine earth : the sample passing through a 2 mm sieve,

% Texture and nitrate were analysed in the laboratory of the Experimen=-
tal Station for Agriculture in Paramaribo; all other chemical analyses
vere carried out in the laboratory of the CFLOS.
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vet oxidation according to Walkley & Black;
the obtained values sre multiplicated uni-

formly with & factor 1.15 for conversion
into elementary carbon; in fact this mul-~
tiplication factor varies somewhat with
depth and time (ANON., 197h).

Totel nitrogen : destruction with HoB80) mccording to
Miero-Kjehldahl,
pH-KC1 and phE~H,0 : sheking during an hour; measuring
‘ directly in suspension.
CRC : percolating with NHL,0Ac at pH 7.

Exchangeseble K, Ca and Na : flame fotometric determination in NHHOAc
. percolated solution,
Weter soluble X, Ca and Na  : percolating with distilled water in the
same ratio as used for determination of
CEC.
Water soluble organic carbon : oxidation with an overmeasure of KMnOl
and backtitration with oxelic acid
(ANON., 1965),
a) Bray I: standard method.
b) P-HpO : measuring in water percolated
golution.
Nitrate : determination by cadmium-copper reduction
to nitrite; nitrite is then determined by
meang of a diazotization method (WOOD et
alo ? 1967) . .
determination according to Mohr.
titration with NeOH and phenolphtalein,
and HC1 and methyl-orange for CO2
(HOFSTEE end FIEN, 1971).
Texture : pipette method eccording to Robinson,
: using Ho0n, HCl and sodium pyro-phosthate
for fractions below 53 mu; for fractions
above 53 ma using sieves,

Thosphate

Chloride
Ricarbonate

s ae

More detailed information about standard methods can be found in JANSSEN
and TJON ENG SOE-MONSANTO (1973).

Thin sections for micromorvhological study were made according to
the method described by JONGERIUS & HEINTZBERGEN (1963). The size of
the glides equals circa 8x15 cm. For a micromorphological description a
Leitz~0Orthoplen polarizing microscope was used,

?heéﬁ?in sections are described with the terminology proposed by BREWER

1964}, s
A point counting method is used to determine the amounts of clay
skipe. With this method an imaginary net of points is put on the slide,
At every point it is observed whether a clay skin occurs or not.
Counting a lot of points in this way one gets an estimetion of volume
rercentage of clay skins in a certsin soil layer.

Pore size distribution is messured in a similsr way. For this
purpose imaginary lines are drawn seross the slide. Of all pores,
eracks and chammels which are crossed by these lines the diameter is
noted. The different diameters together give en idea of the pore size
distribution.
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For determination of the total amount of pores in an area unit
all pores with & diameter less than 500 micron are counted in eight
narrow bands of 400 micron width., The totel ares in which pores are
counted varies between 1.5 and 2 em? in each sliade,

The observations for the three sbove mentioned counting methods are
carried out using = magnification of 125x,

3. GENEERAL DATA OX THE SOILS NEAR DREIPADE

In the following section the geomorphology, geclogy and general
soil conditions of the river terrace landscape near Dreipade will be
briefly discussed.

Figure 3 shows a geororphologicel section of this landscape south
of the village Dreipade., On the geomorphological map (Fig. 4) the right
position of the Becticn has been marked,

Low~, medium= uand highlevel terrece are situated between the
residual schist hills in the west and the most recent river valley in
the east,

The geneeis of the old terrace landscape took place in the
Pleistocena era. The residual schist hill landscape in which the
terraces have developed forms part of the basal complex of the great
Guyanese shield, This shield dates back to Precembrium time. It consists
of many different kinds of rock but in the Brokopondo-ares schist
dominates. The recent river valley is probatly of Holocene age., Leevee
and basin can be distinguished easily.

The topography of the old terrace landscape is weakly undulating
to undulating. The terraces are intersected by creeks and gullieas. From
& hydrological point of view the main watercourses are the Tapoeripa
creek in the south and the Compagnie~creek in the west. Between them
less important drainage systems exist, all running to the Suriname-river.

The heights of the various geomorphological structures near
Dreipede are given below:

low=level terrace 10=12 m N.2.P.

mediun-level terrace : tho2o M
high~Tevel terrace : 26-34 " "
leevee : T-8" "
basin : -7 0
schist hills :+ Go " "

Geomorphology makes s distinction between erosional terraces and
depositional terraces. In respect to soil properties the most important
difference between them is a different texture. The schist of the
residual landscape also provides for the parent materisl of the erosional
terraces, Soils developing from this material have a clayey texture,
while generally spoken the alluvial deposits of the depositional terra-
ces gave rise to & loamy texture. Besides the residual parent materisl
containg more iron than the alluvial parent material.

Drainage of the terrace soils is in general moderately good to
good because of their location.

But even though the physiographical situation can be the same,
texture caugses a difference in drairage: the loamy soils of the platesux
are essentially well dreined but thz presence of residunal clay in the
subsoil can change this good drainege into a moderately good one.
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Trerefore the main division of the terrsce scils for soil mapping
purposes (MULDERS, 1973) depends upon the situation of the soils,
whether they are situated on the pleteaux or on the terrace slopes.
With this distinction differences in texture, meisture class, depth of
homogenization and coleor of mottles are correlated.

For a long time the terrace soils have been preferred by Bush-
negroes for their shifting culitivation because of their location and
their good physical properties. This is the reason that these soils
nowvadays are covered largely by secondary forest of various age. Aerial
thotographs of the area show the typical mosaic~like vegetation
pattern as a result of shifting cultivation.

4, CHOICE OF THE PROFILE PITS

The most important consideration for the choice of the sampled
sites was the wish to create a homcgeneous group of profiles, that is
to say the profiles ought to be homogeneous with regard to texture,
good drainage anrd sbsence of iron ccneretions, Differences in texture
and drainage influence strongly the organic carbon content and so they
restrict mutual comparability of the profiles. The presence of iron
concretions makes it difficult to use aluminium tubes to cbtain relisble
data about bulkdensities,

Begides only a very limited number of different stages in land
use could be sampled within the gcope of the present study.

¥ventually the following sites have been chosen:

Code Stage ‘ History
% gec,forest,more than 100 years old ?
Ki 2 nonths after burning gec ,foregt,mbout 100 years
_ old
K5 sec,forest, about T years old 0ld gsecondary forest
Ko 2 nmonths atfter burning sec,.forest, about T yesars
old
KT sec,.forest, about 3 years old sec,.forest, ahout 7 years
” oid
ji¢ gec,forest, about 15 yesrs old 7
K3 over one yvesr after burning sec,.forest, about 15 years
old

The position of the pits is shown in Fig. 3 with exception of Kg. Pit
¥g is situated 2 km north-east from Dreipade on low-level terrace.

The best reference for determination of changes in soil characters
caused by human activity is certainly the soil under virgin forest.
However virgin forest could not be found on the terrace soils in these
surroundings. Although the forest near pit ¥g was very old (with trees
of 1=2.5 m in dimmeter at breast height) and although it was similar
to virgin forest in physicgnomy, the soil profile showed evidence of
human activity., The charcoal in it points to a very old occupetion
neriod,

Another more serious disadvantage of profile Kg forms its
lighter texture in relation to &ll other profiles which also show minor
differences in texture, Therefore texture has complicated the inter=-
pretation of most analyses.
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Texture itself is analysed for the profiles Kp, X3, Kj, and Kg.
Texture and texture profile of ¥y is similar to that of Ky; the same
applies to K7 and K3, and Kg and Ka.

: For all stoges of land use samples were collected from profile
pits. Besides samples of the top soil were taken from five different
rleces near each pit. Latter samples.will be indicated in the tables
as Ay, Ao, A s Ay and A5 Two soil samples indicated with M refer to
mixed samplea composed of five cores. These cores come from five
different places distributed over sbout 0.25 ha of the.plots Kj and Ko,

“Finelly ten undisturbed soil samples for micromorphological
analysis were taken from the pits X,, Ké, K5, Kg and Ky. One small box
contained a sample of the 0,5=15.5 om layer, the other contained e
gsample of ths 15.5-30.5 lsyer.

5. PROFILE DESCRIPTIONS
5.1, EEMARKS

In the following some important profile characteristics will be
explained. In 5,2 complete descriptions ere given.

Division in horizons

All forest profiles have e thin littér layer (01) consisting of
organic material of which the original structure can be recognized.
The Og-horizon consisting of humus ig very thin, Therefore the boundary
between O=horizon and the mineral soil is sharp. They are mutually
connected by e system of fine roots. When the forest is cleared and
burnt the orzanic material of the O-horizon is lost by burning.

The mineral soil consists of an Aj=horizon with accumilation of
humus and a B-horizon. Between A1 and B the A3~ and AB-horizons form
trensitional horizons. A1l profiles show characteristics of & textursl
B~horizon.

Color

A1l profiles are characterized by a very gradual change of color
with depth.

In profile the influence of the charcoal addition could be
observed clearly. The charcoal is incorporated into the soil by soil
tillage and animal activity. Finely distributed it csuses darker
colcrs as is shown by following data.

K X2
secondary forest after burning
A& : 10 YR 3/3 10 YR 3/2
dark yellowish very dark yellowish brown
A3 ¢ 10 YR h/h: 75% 10 YR 3/3: 75%
dark yellowish brown dark brown
10 YR 5/6: 25% 10 YR 5/b: 25%
Yellowish brown yellowish browm

The sddition of organic matter to the subsoil can also give rise to
locel changes of color (see K3). The yellow colors along the filled
up root channels are a result of & change in the iron compounds of the
soil. This change coheres with a change of the redox potential conse-
guent to the supply with orgenic material.
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Structure |

In the top soil the grade of structure is wesk. Biological activity
causes rounded elements of all size elasses. In the subsoil the structure
is more pronounced; it consists of compcound angular elements which can be
easily divided into smaller particles,

Biological activity

In all profiles sactivity of ante has been observed but in most
cases olso termites and worm casts have been seen, Pore space is
especially high but not only in the top soil. The greater number of
pores have a3 diameter less than 1 mm.

Consistency
The top s0il has a crurb structure and becsuse of its loamy

texture it is slightly eticky and slightly plastic. A possible destruc-
tion of the crumb structure csused by shifting cultivation is clearly
demonstrated by the top soil of K. after sowing of the rice the soil
surface was gilting up quickly.

Rooting
The layer of 0-50 cm containe the bulk of the roots. The quentity

of thick roots is very small in the profiles under young secondary
vegetation, On the other hend there sre many old root channels in
these profiles originating from thick rocts of the previous forest.
These channels are filled up with humous material mixed with charcoal.
Pore space in it is very high. PBesides there is a clear accumulation
of fresh roots in these channels. It is difficult to assess %to which
extent this humous material may enrich the subsoil absclutely with
orzanic matter, But it is clear that this kind of channels locally
disturb the organic matter profile seriously.

Clav elements, clay skins, concretions

The origin of the solid cley elements in the AB~ and B-horizon
is unknown.

In the field the presence of clay skins can not always be deter-
mined without doubt but the micromeyphological study . revealed their
real existence, Their origin will be discussed in T.2.

Soft nodvles in the subsoil are pieces of weathered achist; they
indicgte the presence of residusl perent material.

Texture
Data about texture are given in 6.1,

Claszification of the profiles

In view of the rather strong increese of clgy content with depth
and the presence of cley skins in the top soil (see 7.2) all profiles
nay be classified as Ultisols (Typic Paleudults) according to the Tth
Approximstion of the American soil taxonomy.

5.2. DESCRIPTIONS

The profiles are described according to the "Guidelines for Soild
Description” prepered by the FAO.
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Profile K,

GENERAL DATA

Mapping unit: B. 1.1.2, (MYDERS, 1973)

Area and location: Dreipede, 30 m.W.

Coordinates: Topographical map of Surinam, scale 1:40.000 (1972)
sheet: 22d; N: 882.2 ==~ F: 378.4

Elevetion: + 16 m N8P

Aeriel photo no.: R 20 0.5058, 5059

Date of description: 1=-2-1974

Described by: Van Vuure, Kruisinga, Ketelsars,

SOIL SITE CHARACTERISTICS

Weather: end of the short rainy seasonj in past 1h daya before
description rainfell exceeded evapotransp:.ratmn
Geomorphological unit: sedium=level terrace
Parent material: pleistocene river deposits
Physiography: plateau
Relief: subnormal .
Slope: single, elmost ﬂa.t
Hydrclogy:
e) scil drainage: well drained
b} groundwater table:
presumed highest: > 1,60 m below the soil surface
presumed lowest : > 1.60 m below the soil surface
actual ' : > 1.60 m below the soil surface
e} flooding: never
Moistness: surface soil moist, subso:.l moist
Biological activity:
a) depth of undisturbed soil: > 1,60 m
b} other feetures: meny worm casts and ants in 0-30 cm layer
Land uge: first year of occupation; cultivated with rice, maize,
cagsava, okra, Xanthosoma spp. in shifting cultivation;
cleared: August-September 1673, v:.rg:.n or old
secondary forest,
burnt: midst of November 1973 _
Notes on soil samples: date of sampling: 28-12-1973.

DESCRIPTION OF SOIL HORIZOHS

Ay  0=11 cm: dark brown (10 YR 3/3); mediumwcoarse sandy loam;
weak fine-coarse subangular blocky; frisble, -
plastic and slightly sticky; many very fine,
common Tine, few medium and fMew coarse porés;
many very fine, common fine, common medium and
common coarse roots; much charcosel on surface;
clear and smooth on:

A3 11-23 cm: dark yellowish brown (10 YR 4/4), 75%, end
yellowish brown (10 YR 5/6), 25%, rediumecoarse
sandy loam; weesk fine-coarse subangular blocky;
friable, plaatic and slightly stieky; many very
fine, common fine, few medium and few coarse
poresg: many very fine, common fine, common medium
end few coarge roots; gradual on:


http://378.it

AB 23-4¢ cm: yellowish brown (10 YR 5/6)}; medium coarse sandy clay
loan; weak fine-cosrse, subangular blocky-angular blocky;
frieble, plustic and sticky; many very fine, few fine,
few medium and few coarse pores; few very fine, few
fine, few medium and few coarse roots; gradusl on:

By L0o-62 em: brownish yellow (10 YR 6/6); medium-coarse sendy clay
loam; weak fineecoarse, sngular blocky-sub-angular
blocky; friable-firm, plastic and stickyj many very
fine, few fine, few medium and few coarse pores; few
very fine, few fine, very few medium and very few coarse
roots; cley cutans, thin and patchy; solid clay
elemente, few cubie, 1x2 emy diffuse on:

Brq 62-82 cm: strong browvn (7.5 YR 5/8); clay; weak moderate, compound
angular blocky; friable-firm, plestic and sticky; many
very fine, few fine, few medium and few coarse pores;
very few very fine, very few fine, very few medium and
very few coarse roots; clsy cutans, thin and patchy;
solid clay elements, few and cubic, 1x2 cmj; diffuse on:

Bos 82-160 em: strong brown {7.5 YR 5/8) to yellowish red (5 YR 5/8);
clay; moderate, corpound angular blocky; firm, plestic
and stickys; neny very fine, few fine, few medium and
few coarse pores; very few very fine, fire, medium
end coarse roots; clay cutansg, thin and patehy; solid
clay elenents, many end subanguler blocky, 0.3x0.3 cmg
few fine faint vellowish brown (10 YR S/8) mottles =nd
few fine distinet dark red {2.5 YP 3/6) soft nodules
of rotten rock.

Profile Kn

ENERAL DATA

Mapping unit: B. 1.1.2. (MULDERS, 1973)

Area and location: Dreipade, 120 m.W.

Coordinates: Topographicel map of Surinam, scele 1:40,000 (1972)
gheet: 22d; W: 882,2 ——= E: 378.,2

Elevation: + 16 m NSP

Aeriel photo no,t R 20 C 5058, 5059

Date of deseription: 10-h-197h

Described by: Ketelasrs.

SOIL SITE CHARACTERISTICS

Weather: end of the short dry season; in past 14 days before
deseription rainfall exceeded evapotranspiration
Geomorphological unit: medium level texrace
Parent materiasl: pleistocene river deposits
Physiography: plateau
Relief: subnormal
Slope: single, almost flat
Hydrology:
a) soil drainage: moderately well -~ well drained
b) groundwater table:
presumed highest:
presumed lowest
actual
¢) flocding: never

> 1.70 m below the soil surface
> 1,70 it below the soil surface
> 1,70 i below the soil surface
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Moistness: surface soil moist, subsoil moist
Biological activity:

a) depth of the undisturbed soil: > 1.70 m
b) other features: meny worm casts, ants and termites in

0-30 em leayer

Land use: first year of occupation; cultivated with rice, maize,
cassava, okra, Xanthosoma spp., Dioscoree spp. in
shifting cultivetion;

cleared: August-Septenber 1973, secondary forest T

A4

21

Bos

years old;

burnt: midst of November 1973
Notes on soil samples: date of sempling: January 197L.

DESCRIPTION OF SOIL HORIZONS

0=11

1121

2139

39-T5

T5=110

110=160

cms

com:

cm;

very dark grayish brown (10 YR 3/2); medium-
coarse sandy loamj weak fine-coarse subangular
blocky; frieble, plastic and slightly sticky;
meny very fine, many fine, few medium and few
coarse pores; many very fine, many fine, meny
medium end common coarse roots) much charcoal,
also on surface) clear and smooth on:

dark brown (10 YR 3/3), 75%, and yellowish brown
(10 YR 5/4), 25%: medium-coarse sandy loam; week
fine-coarse subangular blocky; frisble, plastic

and stickyy meny very fine, many fine, few medium

and few coarse pores; common very fine, many fine,
many medium and few coarse roots; gradual on:
yellowish brown {10 YR 5/6); medium-cosrse sandy
clay loam; weak moderate fine-coarse subangular
blocky; frisble, plastic and sticky; many very
fine, meny fine, few medium and few coarse pores;
common very fine, common fine, few medium and
very few coarse roots; diffuse on:

strong browa (7.5 YR 5/6)3 medium-coarse sandy
clay loam; moderate compound angular blocky;
frizble-firm, plestic and sticky; meny very fine,
many fine, few medium and few comrse pores; few
very fine, fine and medium, very few coarse
roots; clay cutans, thin and patchy; solid clay
elements, few subengular blocky 1x2 cmj; diffuse
on: ,

atrong brovn (7.5 YR 5/8}; clay; moderate com-
pound angular blocky; firm, plastic and sticky;
many very fine, many fine, few medium and few
coarge pores; very few very fine, fine, medium
and coarse roots; clay cutans, thin and patchy;
solid cley elements, few subangular blocky, 1x2 cm;
few fine faint brownish yellow (10 YR 6/6)
mottles and few fine distinct dark red (2.5 YR
3/6) soft nodules of rotten rock; diffuse on:
reddish yellow (7.5 YR 6/8), 50%, and reddish
vellow (5 YR 6/8), 50%; cley; moderate compound
anguler blocky; firm, plastic end sticky;

cormon very fine, meny fine, few medium and few
coarse pores; very few very fine, fine, medium
end coarse roots; clay cutans, thin end patchy;
so0lid clay elements, few subangulsar blocky,

1x2 emy common fine faint brownish yellow
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(10 YR 6/6) and common fine faint red
(2.5 YR 5/8) mottles; few fine distinet dark red
(2.5 YR 3/6) soft nodules of rotten rock.

3

GENERAL DATA

Mepping unit: B. 1.1.3. (MULDERS, 1973)

Aresn end location: Dreipade, 400 m,MW

Coordinates: Topogragrhical map of Surinam, scale 1:40,000 (1972)
sheet: 22d; N: 882.6 ~-- E: 37T7.0

Flevation: + 16 m NSP

Aerial photo no.: R 20 0 5058, 5059

Pate of description: 16-4-197h

Described by: Ketelaars.

S0IL SITE CHARACTERISTICS

Weather: end of the short dry season; in past 14 days before
description rainfall excceded evapotranspiration
Geomorthologicel unit: medium~level terrece
Parent materigl: schist (residual)
Physiography: plateau
Relief': gubnormal
Slope: single, slmost fLat
Bydrology:
&) soil drainage: moderately well drained
b) groundwater table:
presumed highest: > 1,60 m below the soil surface
presumed lowest : > 1.60 m below the soil surface
actual : > 1,60 n beloy the soil gurface
¢} flooding: never
Moistness: surface soil moist, subseil noist
Biclogical ectivity:
a) depth of undisturbed soil: > 1.60 m
b) other features: many ants in surface soil
Land use: end of one year shifting cultivation: fallow vegetation
with Solanum subinerme, S. jamaicense, S. rugosum,
8. asperum, Trema micrantha, Cecropia obtusa,
C. sciadothylla, Vismie spp. a.0.3; mean height: 2-3 m
Notes on soil samples: date of sampling: 19-2-197h.

DEECRIPTION OF SOIL HORIZONS

(01  1-0 cm: locally s little litter on surfuce)

&y 0-10 cm: dark brown {10 YR 3/3); medium-coarse sendy clay
loam; wesk-moderate fine~coarse subangular blocky;
friable, plastic and slightly sticky; meny very
fine, many fine, few medium snd few coarse pores;
many very fine, many fine, common medium and
common coarge rootsi common charcoel, alsc on
surfece; clesr and smooth-wawy*) on:

# Boundery locelly broken in soil pits: humus accumulation in tongues
froot channels) up to a depth of 100 cm; in it elso accumilation of
fresh roots, many medium and common coarse pores, common charcosl and
reduction colours aslongside {brownish yellow: 10 YR 6/6-6/8).
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A, 10«21 cm: yellowish brown (10 YR 5/4, 60%, and 10 YR 5/6,
' L0%) ; medium-coarse sandy cley loam; moderate

- compound subangular blocky; frisble-firm, plastic

and sticky; many very fine, many fine, few medium
and few coarse pores; common very fine, common
fine, few medium and few coarse rootsj little
chareoal 3 clear and smooth on:

AB 21=L0 cm: yellowish brown {10 ¥R 5/6); clay; moderate come
pound angular blocky; frisble-firm, plastic and
sticky; many very fine, many fine, few medium and

~ few coarse pores; cormon very fine, common fine,
few medium and few coarse roots; solid clay
elements, few subangular blocky, 1x1 cm - 1x2 cmg
gradnal on: :

1 4L0-79 em: strong brown (7.5 YR 5/8), cley; moderate compound
angular blocky; frieble-~firm, plastic and sticky;
many very fine, many fine, few medium and few
coarse pores; few very fine, few fine, very few
medium and very few coarse roots; clay cutans,
thin and patchy; sclid clsy elements, few sub-
angular blocky, 1x2 cm; few fine faint red
(2.5 YR 5/8) mottles; diffuse on:

79-160 om: strong brown (7.5 YR 8/8) ~ yellowish red (5 YR
5/8); clay; moderate compound angular blocky;
friable-firm, plastic and sticky; many very fine,
many fine, few medium and few coarse pores; very
few very fine, fine, medium and coarse roots;
clay cutans, thin and petchy; solid clay elements,
few subangular blocky, 1x1 cm; few fine distinct
dark red - derk reddish brown (2.5 YR 3/6-3/4)
soft nodules; few fine faint brownish yellow
(10 I® 6/8) mottles.

21

Profile Kh

GENERAL DATA

Mapping unit: B. 1.1.2. (MULDERS, 1973)

Area and location: Dreipede, 50 m.W.

Coordmates. Topographical map of Surinam, scale 1:40,000 (1972)
. sheet: 2243 N: 882,2 «ww E: 378.4

Flevation: + 16 m NSP

Aerial photo mo,: R 20 0 5058, 5059

Date of deseription: 9-U=197L

Described by: Ketelaars.

SO0IL SITE CHARACTERISTICS

Weather: end of the short dry season; in past 1h days before
description rainfall exceeded evapotranspiration

Geomorphological unit: medium-level terrace

Parent material: pleistocene river deposits

Physiography: plateasu

Relief: subnormal

Blope: single, almost flat
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Hydrology™
a) soil drainage: well drained
b) groundwater table: .
presumed highest: > 1.70 m below the soil
presumed lowest : > 1,70 m below the soil
actual : > 1.70 m below the soil

surface
purface
surface

c) flooding: never
Moistness: surface soil moist, subsoil moist
Biological aectivity:
a) depth of undisturbed soil: > 1,70 m
b) other features: worm casts, ants and termites in 0=-30 cm

layer

Land use: forest fallow, about 15 years old
Notes on soil samples: date of sampling: 15-3-19T4.,

DESCRIPTION OF SOIL HORIZONS

01 2=0

A1 0-12

A 12-22

AB  22-40

R ko-65

g1 6590

cm:

cm:

<ms

cme

em:

organic materisl; between 049 and Ay surface mat

of mainly fine roots; sbrupt and wavy on:

dark brovn (10 YR 3/3); nmedium~coarse sandy loam;
weak fine-coarse subangular blocky; frisble-very
friable, nlastic and slightly sticky; many very
fine, common fine, few medium and few coarse pores;
msny very fine, common fine, medium and coarse
roots; much charcoal, mainly at a depth of about

10 cm; clear and smooth on:

dark brown (10 YR L/3), 75%, end yellowish browm
(10 YR 5/6), 25%; medium~coarse sandy loam; weak
fine-coarse subangular bloecky; friable, plastic
and slightly sticky; many very fine, common fine,
few medium and few coarse pores; common very fine,
fine end medium, very few coarse roots; little
charcoal 3 gradual on:

yellowish brown {10 YR 5/6); medium~coarse sandy
clay loamy weak fine-coarse subangular blocky;
friable, plastic and sticky; many very fine, common
fine, few medium 2nd few coasrse pores; common very
fine, cormmon fine, few medium and very few coarse
roote; gradual on:

yellowieh brown {10 YR 5/8); medium~coarse sandy
clay loam; weak-moderate compound subangular
blocky-angular blocky; frisble, plastic and sticky;
meny very fine, few fine, medium snd coarse pores;
common very fine, common fine, few medium and very
few coarse roots; clay cutans, thin and patchy;
80lid clay elements, few subangular blocky 1x2 cm;
diffuse on:

gtrong brown (7.5 YR 5/6): clay; moderate compound
angular dblocky; firm, plastic and sticky; many
very fine, few fine, medium and cosrse pores; few
very fine, few fine, very few medium and coarse
roots; clay cutans, thin and patchy; solid cley
elements few subangular blocky, 1x1 cm; diffuse on:
strong brown (7.5 YR 5/6-5/8); clay; moderate
compound angular blocky; firm, plastic and sticky:
many very fine, few fine, medium and coarse pores;
very few, very fine, fire, medium and coarse roots;
clay cutans, thin and patchy; solid clay elements,
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few subangular blocky, 1x1 cm; few fine distinct
red (2.5 YR 5/8) mottles; diffuse on:

140-170 en: reddish yellow (7.5 YR 6/8, 50% and 5 YR 6/8,
50%); clay; moderate compound angular blocky;
firm, plastic and sticky; many very fine, few fine,
medium and coarse pores; very few very fine,
fine, medium and coarse roots; clay cutans, thin
end patchy; solid clay elements, few subangular
blocky, 1x1 cm; few fine distinet red (2.5 YR
5/8) mottles. :

Byg

Profile K5

GENERAL DATA
Mapping unit: B. 1.1.2. (MULDERS, 1973)
Ares and location: Dreipade 130 m.W, 15 m NW of K
Coordinates: Topographical mep of Surinam, scale ?:ho.ooo (1972)
sheet: 2243 N: 882.2 ~-= E: 378,2
Elevation: + 16 m NSP. '
Aerisl photo no.: R 20 0 5058, 5059
Date of description: 12-L-197h
Described by: Ketelaars.

S0IL SITE CHARACTERISTICS

Weather: end of the short dry season; in past 14 deys before
deseription rainfall exceeded evapotranspiration
Geomorphological unit: medium-level terrace
Parent material: pleistocene river deposits
Physiography: plateau
Relief: subnormal
Slope: single, almost flat
Hydrology:
a) soil drainage: moderately well - well drained
b) groundwater table:
presumed highest: > 1.60 m below the soil surface
presumed lowest : > 1.60 m below the soil surface
sctual : > 1,60 m belov the soil surface
_ e) flooding: never
Moistress: surface soil moist, subsoil moist
Biological activity:
a) depth of undisturbed soil: > 1.60 m
b) other features: worn cests, ants, termites in 0-30 om
layer
Land use: forest fallow, about 7 years old
Notes on soil pamples: date of sampling: 16-3«19Th,

DESCRIPTION OF SOIL HORIZONS

0y 2-0  cm: organic material; between 04 and At surface mat of
meinly fine roots; sbrupt and wavy on:

1 0=13 cm: dark yellowish brown (10 YR 3/4}; medium-coarse
sandy loem; weak fine-coarse subangular blocky;
frisble, plastic and slightly sticky; many very
fine, many fine, few medium and few coarse pores;
many very fine, fine and medium, common coarse
roots; common charcoal, much of it at a depth of
10=15 cm; clear and smooth on!

A



A 13-24  om:

AB 2Ll cm:

B, Li-70 om:
B21 T0-105 cm:
B,p 105~160 cm:
»~
Prg file Ks
GENERAYL DATA

Mapping unit: B,
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dark yellowish browvn (10 YR L/L}, 75%, and
yellowish brown {10 YR 5/6), 25%; medium-cosrse
sandy loam; weak fine-coarse subangular blocky;
frisble-firm, plastic and sticky; many very fine,
many fine, few medium and few coarse pores; common
very fine, many fine, many medium and few coerse
roots; little charcoal; gradual on:

yellowish brown {10 YR 5/6); medium-coarse sandy
clay loan; moderate fine-coarse subangular blocky;
friable-firm, plastic and sticky; many very fine,
many fine, few medium and few coarse pores; common
very fine, common fine, few medium and few coarse
roots; gradual on:

gtrong brown (7.5 YR 5/6); medium~coarse sandy
clay loam; moderate compound angulsar blocky; firm,
plastic and sticky; many very fine, many fine,

few medium and few coarse pores; few very fine,
few fine, very few medium end coarse roots;

cley cutans, thin and patchy; solid clay elements,
few subangular blocky, 1x2 cmj; diffuse on:

strong brown (7.5 YR 5/8); clay; moderste com~
pound angular bloeky; firm, plastic and sticky;
meny very fine, many Tine, few medium and coerse
pores; few very fine, few fine, very few medium
and coarse roots; clay cutans, thin and patchy;
solid eclay elements, few subangular blocky,

1x1 cm; few fine faint brownish yellow (10 ¥R

6/6) mottles; few fine distinect red (2.5 YR 5/8)
mottles; diffuse on:

strong brown-reddish yellow (7.5 YR 5/8-6/8);
clay; moderate compound sngular blocky; firm,
plastic and sticky; many very fine, common
fine, few medium and coarse pores; very few very
fine, fine, medium and coarse roots; clsy cutans,
thin and patchy; solid clay elemente, few sub-
sngular blocky, 1x1 cmy common fine faint red

(2.5 YR 5/8) and brownish yellow (10 YR 6/6)
mottles; few fine-medium distinet dark red

(2.5 YR 3/6) soft nodules of rotten rock.

3.1. {SARD, 1968)

Ares and location: Dreipade, 2 km N

Coordinates: Topographical map of Surinam, scale 1:40.000 (1972)
sheet: 22d; N: 884,0 -—— E: 377.2

Elevation: + 11 m NSP

Aerial photo no.: R 20 0 5058, 5059

Date of description: 7-6-107k

Described by: Van Vuure, Ketelasrs,



SOIL SITE CHARACTERISTICS

Weather: bezinning of the long reiny season; in past 14 days
before description rainfall exceeded evapotranspira-
tion

Geomorphological unit: low-level terrece

Parent material: pleistocene river deposits

Physiography: plateau

Relief: subnormsal

Slope: single, almost flat

Hydrology:

a) soil drainage: moderately well drained
b) groundwater table:
presumed highest
presuned lowest
actual
¢) flooding: never
Moistness: surface soil moist, subsoll moist
Biological activity:
e) depth of undisturbed soil: > 1.70 n
b) other features: many ants in surface soil

Land use: secondary forest > 100 years old; some trees of

1=2.5 m diameter et a height of 1.5 m present

Notes on soil semples: date of sampling: 22~5-197h,

DESCRIPTION OF SOIL HORIZONS

0,+0, 2«0 cm: organic material; betveen O and Ay surface mat

- of meinly fine roots; abrupt and smooth on:

0=13 cm: dark brown {10 YR 4/3); sandy loam; very weak
fine-medium subangular blocky; very friable,
slightly plastic and slightly sticky; many very
fine, common fine, few medium and few coarse
pores; many very fine, many fine, many medium
and common coarse roots; little charcoal,
clear and smooth on:

13-49 cm: yellowish brown (10 YR 5/6); sandy clay loam;
very weak fine.medium subengular - angular
blocky; very friable, plastic and slightly
sticky; many very fine, common fine, few medium
and few coarse pores; many very fine, many fine,
few medium and few coarsze roots; few fine faint
strong brown (7.5 YR 5/6) mottles; few charcoalj;
gradual on:

B, k96T cm: strong brown (7.5 YR 5/6); sandy clay loam; very
weak fine-medium angular blocky; very frisble,
plastic and sl;ghtly sticky; many very fine,
common fine, few medium and few coarse pores;
few very fine, fine, medium and coarse roots;
few Pine feint strong brown (7.5 YR 5/8)
mottles; gradusl on:

B 67=96 cm: strong brown’ (7.5 YR 5/6-5/8); sandy clay,
very week fine-medium anguler blocky; very
friable, plastic and sticky; many very fine, few
fine, few medium and few coarse pores; very few
very fine, fine, medium and coarse rcots; few
fine-medium distinct red (2.5 YR 5/8) mottles;
gradual on:

> 1.70 m below the soil surface
> 1,70 . below the soil surface
> 1.70 m below the soil surface

e 0% ow

A

A
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B3 06-140 cm: browniqh yellow (10 YR 6/6); sandy cley; very
weak fine-medium engular blockys; very friable,
plastic and sticky; many very fine, few fine,
few medium and few coarge pores; very few very
fine, fine, medium and coarse roots; many
coarse prominent red (2.5 YR 5/8) mottles; common
quertz, fine medium and blocks {-10 cm dismeter),
angular and also rounded; abrupt on:

II¢ 140-170 cm: yellow (10 YR 7/6}3 clay; sticky end plastic
meny coarse prominent light red (2.5 YR 6/6) and
few medium faint white (10 YR 8/2) mottles;
residuel subsoil.

Profile E[

GENERAL DATA

Mapping unit: B. t.1.3. (MJLDERS, 1973)

Area and location: Dreipesde, 500 m X¥W

Coordinates: Topographical map of Surinam, secale 1:40,000 (1972)
sheet: 2243 N: 982,6 w== E: 377.0

Elevation: + 16 m N8P

Aerial photo no.: R 20 0 5058, 5059

Date of description: 15-5-197h

Described by: Ketelaars.

SOIL SITE CHARACTERISTICS

Weather: end of the short dry season; in past 14 days before
description evepotranspiration exceeded rainfall
Geomorphological unit: medium-level terrace
Parent materisl: schist (residual)
Physiography: plateesu
Relief: subnormel
Slope: single, almost flat
Hydrology: '
a) soil drainsge: moderately well drained
b} groundwater table:
presumed highest: > 1.60 m below the soil surface
presumed lowest : > 1.60 m below the soil gurface
actual : > 1,60 m below the soil surface
¢) flooding: never
Moistness: surface soil moist, subsoil moiat
Biological activity:
a) depth of undisturbed soil: > 1.60m
b) other features: ants in surface soil
Land use: third year of fallow; vegetation dominated by Cassia
miitijuga, regenerating from last secondary wood -
(ca. T years old); height of vegetation: 5 m, but
spots with only low herbs sre also present: Rolandra
fruticoga, Paspalum conjugatum, Panicum rudgei, a.o.
Notes on soil samples: date of sempling: 9-5-197k,
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DESCRIPTION OF SOIL HQRIZONS

O1 2=0 om:

A 0=9 cm:

1

0-16 cm:

AB  16=37 om:

B1 37=7T0 cm:
821 T0=110 ecm:
B22 110-160 cm:

litter, locally distributed and mainly consis-
ting of dead leaves of Cassia multijuga.

dark browvn (10 YR 3/3); medium~coarse sandy clay
loam; weak fine-coarse subangular hlocky; frieble,
slightly sticky and slightly plastic; many very
fine, common fine, few medium and few coarse
pores; many very fine, many fine, ccmmon medium
and few coarse rcots; common charcoal in few and
nearly horizontel layers; clear and smooth on:
dark brown (10 IR 4/3), 80%7 and yellowish brown
{10 YR 5/4}, 20%; medium=-coarse sandy clay loam;
week fine-ccarse subangular blocky; friable,
glightly sticky and slightly plastic; many very
fine, common fine, few medium and few coarse pores;
many very fine, many fine, common medium and few
coarse rootg; little charcosal ; clear end wavy on:
yellowish brown (10 YR 5/6); clay; moderate
compound subangular-anguler blocky; friable,
sticky and plastici many very fine, common fine,
few medium and few coarse poreg; many very fine
and fine, few medium and coarse roots; little
charcoal; clear and wavy, locally irregular

(see note) on:

strong brown (7.5 YR 5/8); clay; moderate compound
angular blocky; friable-firm, sticky and plasticg
many very fine and few fine, medium and coarse
poreg; common very fine and fine, very few medium
and coarse roots; clay cutans, thin and patchy;
g0lid clay elements, few subangular-sngulear
blocky, 1x1 cm; gradusal on:

yellowish red (5 YR 5/ ); clay; moderate compound
angular blocky; friable~firm, sticky and plastic;
maeny very fine, few fine, medium and coarse pores;
few very fire and fine, very few medium and coarse
roots; clay cutans, thin and patchy; solid clay
elements, few subangular-angular blocky, izl cmj;
few fine distinct brownish yellow (10 YR 6/6)
mottles; few fine distinct red (2.5 YR 4/8) and
derk red (2.5 YR 3/6) soft nodules; diffuse on:
ya2llowish red {5 YR 5/6); coarse sandy clay;
moderate compound angular blocky; friable-~firm
sticky and plasticj many very fine and few fine,
medium and coerse pores; few very fine and fine,
very few medium end coarse roots; clay cutans,
thin and patchy; solid clay elements with coarse
gand incorporated, few angular blocky, 1x1 cm;
cormon mediumecoarse distinct, yellow {10 YR T7/8)
and strong brown (7.5 YR 5/8), red (2.5 YR 4/8)
and dark red (2.5 YR 3/6) soft nodules.

Hote: boundary locally broken in soil pit; humus accumilaetion in tongues
(root channels) up to a depth of 130 cm; in it also accumulation
of fresh roote; many medium and common coarse pores.
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6. PHYSIbAL ARD CHEMICAL SOIL PROPERTIES
6.1. TEXTURE
6.1.1. Results

Texture data are given in Table 1 for the profiles Ko, K3, K, and
Xg. Texture of Kq is similar to that of Ky, texture of Kg is similar to
that of Ko and the same applies to K7 and Ks.

6.1.2. Discussion

Ag is illustrated by Table 1 there are important differences in’
texture between the sampled sites. Clay content varies strongly both
in top soil and in subsoil and within the profile itself,

The influence of texture on other soil properties is extreme.
For a better understanding of differences in organic carbon content,
bulkdensity and CEC among others this influence must be enalysed, For
this purpose texture data as a function of depth are graphically
intrapolated.

6.2, BULKDENSITY AND PORE SPACE
6.2.1. Results

In Table 2 data about bulkdersity and pore space in sll profile
pits are recorded. Figure 5 and Figure 6 show a disgram of the bulke
density profiles,

Pore space is calculated from the obtained bulkdensity values on
the basis of & specific gravity of 2.65 g/em3 for the soil matrix.

Finally Table 3 contains information about bulkdensity and pore
space obtained from the top soil samples.

6.2.2. Discussion
6.2,2.1, Bulkdensity and pore space in the top soil

From the dats in Table 3 the effects of shifting cultivation on
the pore space of the 80il can be characterized as follows. Pore space
in the layer from 0-10 cm of the heavy terrace soils amounts to 60-T70%
when under forest. Shifting cultivation causes a decrease of pore
space to a minimum of 50%. Restoration of the previous more favourable
rere space takes place within seven yesrs in view of the velues found
for Ks.

The above mentioned figures apply to soils with rather heavy
texture of the top soil (loam-clay loam=~silty clay). In sandy soils bulk-
density values sre usually higher partly due to a lower organic matter
content in it but probably also due to an effect of the texture itself.
However the relationship between bulkdensity and texture and orgenic
natter content can only be obgerved clearly within a homogeneous group
of soils under natural vegetation. On account of this relationship the
bulkdensity value in the upper 10 cm of K¢ appears to be relatively
high and so pore space relatively low.
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Table 1. The texture of the horizons of profile Ky, K3, K, and Kg

clay silt sand
profile horizon layer (em) ( 2m) (2-53mu) (53 mu)

K, A, 0=11 23.1 1,2 62.7
A, 11-21 28,2 13.k 58,k

AB 21=-39 43.7 13.4 42,9

B, 3%=75 65.0 11,9 23.1

By 75-110 66.6 13.1 20.3

Byy 110-160 69.9 17.4 12.7

Kq A, 0-10 . 43,2 19.1 37.7
Aq 10=21 - k8.0 '23.0 29.0

AB 21-b0 69.9 _ 16.2 ' 13.9

B, k0=T79 .7 15.9 6.4

B, T9-160 6.6 23.7 11.7

K, A, 0-12 33.3 10.5 56 .2
Aq 12=22 41,1 13.7 45,2

AB 22-40 ha.7 30.7 27.6

B, 40-65 68.2 13.8 18.0

B, 65=90 T2.1 13.2 .7

B, 90~140 70.0 16.4 13.6

Bog tho=170 72.3 21.7 6.0

K¢ A, 0-13 11.8 12.4 75.8
Aq 13-h9 18.5 11.5 70.0

B, ko-67 23.9 11.8 64,3

B, 67-96 38.3 13.8 _ ht.9

B, 96-140 32.7 21.2 46,1

1IC th0-170 30.0 38.8 31.2
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The structure of the top soil under forest is very loose. Towerds
the soil surface pore space increases to T0% or even more. Besides
numberless micro pores there are also many mesc pores and macro pores
in the upper centimetres. The root mat which develops between litter—
layer and mineral soil attributes to a spongy structure. The infiltration
capacity and rate for rain water are h:.gh end during heavy rainfall
much water can be stored temporarily in the top soil. Since there is a
continuous production of vegetative materisl animal activity will never
gtop and will help maintain this favoursble soil constitution.

~ After burning the soil lies unprotected against rainfall.
Especially the surface layer is very fragile, Flot Kp, used again for
shifting cultivation after seven years fallow had to be cleared of
weeds before rice was sown rather lately. Only a slight soil tillege
with a hoe was needed for this weeding but it had etriking consequences
which could be observed after a few rain showers: the soil surface was
silting up rapidly resulting in run-off and pmbably logs of ash.

A minor disturbance of the soil surface gives rise reedily to a
process of soll degradetion under the prevailing climatological condi-
tions. Compaction of the top soil decreases pore space with 10-20%
(Teble 3), This decrease itself means alresdy & loss of water storing
capacity of 10-20 mm rainfall,. But compaction decreases mainly the
number of mecro pores. Now macro pores determine largely the infiltre-
_ tion capacity. This is illustrated by data from VAN DER WEERT &
LENSELINK {1972). They compared the permeability of compected and non-
compacted sandy loam and observed changes of pore pize distribution,

Teble L shows & total loss of macro pores by compaction accompe-
nied with a decrease in pore space from 49 to 33% and a strong decrease
of the water permeab:.llty. Thue soil compaction will increase run-off
and so the danger of ervsion. Subsegquently effective rainfall, i.e.
the proportion that can be used by crops will decrease.

Teble 4, Pore size distribution and permesbility of compacted and
non-compacted soil samples (from VAN DER WEERT & LENSELINK,

1972)
micro pores mMesO pores macro pores K*
(volume %)
non compected 25.6 12.6 11.2 8.7
compacted 2h .6 8.3 0.0 0.4

#* K= permeabll:.ty expressed as meters/day; data are mean velues of
nine cores,

_ However in normal shifting cultivation practices changes in
s0il structure are limited by the absence of soil tillage, the rapid
develomnent of a protective ground cover of crops and wild plants end
the fact there is only one cropping season. This is illustrated by
observations from plot XK. Here soil tillage was restricted to making
plent holes and covering seed. Silting up of the soil surface did not
take place and compaction was limited.
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If the same soils are cleared mechenicsally the loss of a good
surface structure is inevitable. Though serious compaction probably
may be prevented by scheduling clearing operetions accurately to
rainfall and soil type, pore space in the top soil will always
decrense, LENSELINK % PARSAN (197C) measured bulkdensity and pore
space 1n a terrace soil under a young citrus plantation at Baboenhol.
The soil was covered by kudzu for several years. Texture varied between
sand and sandy clay loam. Pore space in the upper 10 cm varied mainly
between 40 and 43%. Data from VAN DER WEERT & LENSELINK (1973) show
that pore space may ve somewhat larger in soils with a clayey texture.

However local variations of pore space are high as a result of
differences of moisture percentage during clearing and differences of
pressure put on the soil., Thus the soil near windrows is less compacted
than between them.

6.2.2.2, The bulkdensity profile

Considering bulkdensity versus depth (Figures S5 & 6) it is no-
table that all profiles show a similar picture. From the surface to a
depth of about 30 cm pore gpece decreases strongly where as below this
depth pore space increases slowly. From a depth of 60-T0 cm & decrease
of pore space can be cbserved agein,

From these data one would think the top s0il has been compacted
to a certain depth. However it seems unlikely shifting cultivation can
cause such a compaction. If it could cause compection one should conclude
the compaction is unrestorable because profile K¢ (under forest for
over 100 years) shows the same picture., It is interesting that other
investigators also have found a compacted layer in wrechanically cleared
terrace soils at the same depth. They attributed this phenomenon to the
clearing with heavy machinery. In Table 5 some data from a young oil-
palm plantation with & kudzu ground cover are presented., Irrespective
of goil type all profiles show & minimum pore space between 20 and 30
cm. Although it is reasonable to assume an important influence of
mechanical clearing on the bulkdensity profile special profile charac-
ters may explain the shape of the bulkdensity profile under shifting
cultivation as the original shape. '

Studying bulkdensity and pore space in relation to other profile
date some factors appear to be importent, viz. organic carbon content,
texture and use or use history. Since these factors are mutually depen—
dent variants it is very difficult to establish the contribution of
each factor apart in a certain case. However an explanation of the
present bulkdensity profiles may be the following.

For the strong decresse of rore snace in the upper 25 cm the nearly
exponential decresse in organic matter content mey be responsible. This
is illustrated by Figure 8 and by many data from the litereture which
sometimes gives a very good correlation between both factors if profiles
ungﬁg natural vegetation are studied (see for instance CURTIS & POST,
19 *

Between 25 cm and TO c¢m pore space increases slowly. Just between
these depths texture data ghow a strong rise in clay content. Thus the
increase of pore space below 25 cm may be a result of an increasing
clay content, Rowever clear evidence for this caussl relationship lacks
in this study because the influence of texture coul? not be analysed
independently from the influence of organic matter content.
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Table 5. Bulkdensity and pore space of soils under s young oilpalm
plantation at Victoria (from JANSSEN, 1973)

soil type depth bulkdensity pore space
{cm} (g/100 em3) (%)
heavy terrace soil 5=10 142 L6
25-30 154 41.8
60-65 ils L5.3
light terrace soil 4-9 152 42.6
a5=30 160 39.6
T0=T75 152 42,6
light terrace soil 3-8 149 43,8
2025 170 35.8
30-35 148 L, 2
T0=-T75 159 4o0.0
heavy bagsin soll =10 132 50,2
20~25 141 46.8
60-65 134 L9 .k

Below 70 cm texture does not chenge much and probably a decreasing
organic matter content may bring sbout a decreasing pore space again.

So the shape of the bulkdensity profile in the soil under
shifting cultivation may be explsined by a characteristic texture
profile and the organic cerbon profile, With this explanation the
guestion about the total influence of mechanical clearing on the terrace
soils still goeg unarswered. A compaction of the top soil has already
been discussed. But it secems likely the influence of mechanical clearing
extends to a grester depth, In sendy to sandy loemy soils of the
Zanderi j-formation VAN DER WEERT & LENSELINK (1972) found & maximal
compaction between 10 and 20 em but the total influence extended to
T0 cm at leest,

The fact that in terrace scils a "compacted" layer between 25
and 35 em already appears to be present under natural conditions
emphasizes the importance of taking care of optimum soil and wesather
conditions during mechanicsl clearing. The presence of a sandy or loamy
top s0il on a clayey subsoil is a very common feature of terrsce soils.
Since loamy soil material is compacted more easily than clay in this
case compaction by heavy machinery will maybe be concentrated for a
greater part in the top soil Wiere pore spece already shows a minimum,

Finally Figure 7 from VAN DER WEERT & LFNSELINK (1972) mey
iugtrate the fragile character of the terrace soils as a habitat for
crope., The authors studied bulkdensity and root intensity of a terrsace
soil in the experimental citrus garden at Raboenhol. The bulkdensity
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profile is compared with that of profile Kg. Texture of both profiles
are very similar. It can be seen that the rootability of the mechanical
cleared soil for citrus is limited strongly by compact soil layers
tetween 10 and 40 em =néd below 80 cm.

The authors give following critical values for rootability:
a pore space of 45% (bulkdensity circa 148 g/100 em3) will 1mpede
rooting & pore space of 3h% (bulkdensity cirea 175 g/100 cmd) will
make rooting impossible, These values apply to soils with & sandy
texture, in clsy scils they mey be somewhat lower. Comparing these
critical values with the minimum pore space between 25 and 35 em in the
profiles under shifting cultivation (in lcamy top soils W1-47 volume %;
ir a sandy top soil (Kg) 39%) the fragile character of these soils
becomes obvicus. Only a slight compaction will reduce rooting possibi~
lities for crops seriously.

6.2.3, Conclugions

The effects of shifting cultivation on the physical properties of
the soil can be cheracterized as follows. Pore space for the first 10
crn of the heavy terrace soils waz found to be 60-70% when under forest,
decreasing to 50-60% when uged for shifting cultivation; the pore
space ig restored within T years.

The bulkdensity profiles showed s typicsl shape. In the upper
25 em bulkdensity increaeed strongly whereas from 25 to 70 cem it
decressed slightly. Below 70 em bulkdensity inereased again. Thus the
s0il profiles showed a minimum pore space hetween 25 and 35 cm; for
heavy terrace soils this minirur lay between 41 and 47%, for light ones
below Lo¥.

The typical shape of the bulkdensity profiles might be explained
bty an exponentisl decrease of the organic matter content with depth
and a strong increagze in clay content between 25 and 70 cm.

The ccmpact layer in the top soil mey impede root growth of
crops in shifting cultivation but certainly it will after further
compaction as a result of mechanical clearing.

6.3. ORCANIC CARBON
6.3,1., Results

The organic carbon contentes as a function of depth are plotted
on double logasrithmic paper according to the method proposed by
BENUEMA (1973). The same is done with date on totsl nitrogen, CEC,
potassiim, caleium and phosphate, Some peculisrities and problems of
the plotting of profiles on double logarithmic paper are dlscussed
below.

The organic carbon contents of the top soil gamples are presented
in Table 6. From these dats total amounts per hectare in the upper 10
cm are calculated.
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£.3.2, Discussion

In the introduction the cycle of organic matter in the ecosystem
of the tropicel rein forest is briefly discussed. The organic matter
in the moil forms an important element of this cycle. In ferrallitic
s0ils it plays a major role in the nutriticn of the vegetation and
also of crops if the lend ig used for agriculture.

Tt can store plant nutrients partly incorporated in the organic
compounds and partly adsorbed in exchangeable form to the organic
matter. This property ie more important in ferrallitic soils as these
soils have practicelly no minerel reserves of plant nutrients; besides
the mineral part of the soil has a low storage capacity (CEC) for K,

Ca and Mg (see 6.5) and often a high fixing power for phosphorus.
Fuarthermore organic metter determines to some degree the water storage
capeecity and the structure stability of the soil. Finally organic matter
hes a strong influence on pore space and so on rooting possibilities

as is clear from 6.2,

In view of the foregoing svecisl attention should be paid to the
amounts of organic matter in ferrallitie soils under different conditions,
A first look at the data in Table 6 shows that organic carbon
content in the top soil of all plots is low. The percentage of organic

carbon in the top soil under evergreen rain forest is often between 2
and 4% (BENNEMA, 1973) which corresponds with 40 to 20 g C per am® to a
depth of 20 em. Data from Table A show that in the terrace soils the
carbon content often drops below 2% within the upper 10 cm, Using dats
from the profile pits an amount verying between 30 snd 50 g C per dm®
in the upper 20 cm can be calculated. Maybe these low velues ara
characteristic for the prevailing environmental conditions with regard
to hurus building and decompesition, but it may &lso be due in whole or
in part to the method of analysis and calculation (see 2,2).

Table 6 also showe that local variations in carbon content through
the top soil are an important factor when interpreting single data
from profile pits. Differences in carbon content between the various
plots will be discussed further on.

Plotting of the carbon content as a function of depth on double
logarithmic paper the carbon profiles show a straight line between
certain depths, see Fig. 9~15. The eqbation of this line can be written
as: logc =loga+blogporc = in which a and b are constants
and p is the soil depth. The functlon is valid between some centi-
netres from the soil surface (3-10 em) up to 90-170 cm, depending on
the profile,

Although other functions can be usged to describe the relation of
the carbon content with depth the logarithmic function has the sdventage
that it can be visualized on logarithmic paner. However to be
able to use the formula ¢ = aﬁb sone preblems have to be
eolved,

Concerning depth in the formula a correction {indicated as py) is
needed equal to the depth at which the carbor content reaches its
maximum. If the carbon content would be expressed as a percentage of
the mineral soil the correction for depth could be found at p = 50%. But
in this study the carbon content is expressed as weight per volume
because this expression has the advantage that real quantities (e.g. per
he in & certain soil layer) car be calculated, added up or subtracted.
Adding up is used if the equation ¢ = apP between depth pl and p2 is
integrated to know the organic matter content of this layer.
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The maximum carbon content as weight per volume can not directly be
derived from the carbon contents of the collected samples, but STEWART
e.a. {1970) proyosed a method to calculate the value from the relation
between bulkdensity and orgenic carbon content. According to dats he
collected there would be & lineer relationship between the volume of
mineral components and the volume of organic components taken from
semples with a constant bulk volume, Extrapolating this linear relation-
ship to zero volume of the mineral components he found an amount of
25 g organic matter per 100 cm3,
He called this value the selfbpacking density of organic matter which
is identical to the maximm orgenic matter content.
Flotting of the carbon contents and bulkdensity dsta of the upper
35 em of all profiles in the way STEWART e.a. proposed an approximately
linear relstionship can be esteblished within the range of the obtained
values (Fig. B). The relationship is certainly obscured by many inter-
fering factors as differences in texture, land use and use history.
To find the self-packing density of organic matter the line has to be
extrapolated with the large riek of meking great errors. Extrapolating
would furnish s value of 11 g organic matter (= 5.5 g organic carbon)
per 100 cm3, Thie value appears to be rather low in comparison with
the values found by STEWART e.a. and scme other 1nvestlgators. From the
regression function between bulkdensity and organic carbon content which
CURTIS & POST (196k) §1ve for Vermont forest soils a value of 16 g
organic matter/100 can be calculated. Using data from VAN WISSER
(1974) who studied carbon profiles under grassland and agriculture in
Kenya & value of 20 g organic matter is found, Finally data from
SARCHIT (1974) who studied carbon profiles under virgin forest in
Surinam indicate for some profiles rather low values of sbout 16 and
for other EFofiles rather high values of about 40 g organic metter
per 100 em
Though a self-packing density of 11 g organic matter per 100 em3
seems to be rather low and its calculation being a disputeble point it
is applied in constructing the carbon profiles because it appeared to
fit the data very well.
Now the correction for depth (py} cen be found as follows. As
stated by BENNEMA (1973) a correction for depth will practicslly not
effect the log velues of depth for the deeper layers, because a smell
interval in log values represents already a considerable interval in
depth. So a firat approximation of the line which represents the fun¢tion
of carbon content with depth can therefore be based on the samples
deeper in the profile. Thus using profile K§ as an example it appears
that carbon expressed as weight per volume can be described as:
c=17p 1400

The correction for depth is then:
5.5 = 17 5= 1+00
P = 3.0 cm

Because the corrections for depths are rather large sometimes the cal-
culations have to be repeated on base of the corrected data.

Another difficulty is met in plotting the carbon content. The
data are mean contents of layers. It is however not exactly known at
what depth this mean carbon content occurs. This unknown depth, which
is called the representative depth is the depth at which the sample
should be plotted. Especially in the upper centimetres which have a
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strong increase of the carbon content to the surface this represen=
tative depth will differ from the mean depth. The representative
depth then can be calculated as follows {cf, BENNEMA, 1973):

b P2y

Prepr. © , ap” dp or
<
p2 - pl
ifb=-1 p__ = Ip2 (b+1) _ _; (o+1) 1/
P (b+1) (p2 - pt)
and in the case b = =1 p = P2 - pl
TePx. n p2 = 1n pl

The representative depth has been calculated for the samples from the
upper 5 centimetres. Below this depth this difference between represen-
tative depth and mean depth is negligible.

After having calculated the correction for depth and the repre-
sentative depth of the surface soil samples the fitting of the formula
c = apb to carbon data can be studied from the graphs on double loga-
rithmic paper.

Concerning the carbon profile of K4 which may be nearly egual
to the carbon profile under virgin forest tae equation ¢ = (p+3.0)'1'00
appears to describe the function of carbon content versus depth fairly
well, Only in the upper 3 cm the real carbon content is lower than the
formila indicates. Below thig depth the equation is walid up to 170 cm
at leasst, although the values of some deeper sarples ere somewhat divergent
probably due to random varistion of small samples, Cther prcfiles show
similar deviations between 90 and 170 cm probably slsoc corresponding to
a certain depth of the solum.

The carbon profile of Kg is comparable with the carbon profiles
of oxisols under virgin forest regarded by BENNE/A (1973) as the modal
ones. It is also similar to some carbon profiles of residual ferrallitic
soils under forest in Surinam (Patamska region and Tibiti region)
studied by SANCHIT (197h). The carbon contents of these profiles are
plotted in Fig. 16 in o somewhat modified wey. Since the corrections
for depth could not be calculated they are estimated from the values
of the deeper samples. As shown by Fig. 16 a p, equal to 2 cm fits the
carbon data of profile PAT A16 and PAT B21 very well, and a py equal to
1.5 em for profile TIK 11, Some other carbon profiles from the same
regions also studied by SANCHIT show a different shape but the data are
partly unrelisble due to analysis errors. From the profiles in Fig. 16
the difference in maximum carbon content at p = 0 is notsble. Because
s systematic deviation due to different laboratory methods is excluded
in this case the carbon content at p = 0 seems to vary largely with
local soil conditions. In this respect it might be of special ecological
interest to study differences of this value but it is very difficult
to obtain comparable data.

Apart from Kg all other profiles of this study are used more or
less recently for shifting cultivation. So it is to be expected that
these profiles are lower in carbon content, at least in the top soil.
Therefore the carbon profile will differ from the original one under
virgin or cld secondary forest which shows a straight line on double
logarithmic paper from some centimetres below the soil surface to
90~170 cm depth. Now a particular advantage of the carbon profile is
that it can be used very well to determine changes in organic carbon
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Fig. 9. Profile Kl; ¢, N, CEC, P-Bray I, and exchangeable K
and Ca as~a2 function of depth; . samples from
profile pits, o mean values of samples A, (0-~5 cm)

and A, (5-10 cm).
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content of the top soil due to agricultursl use after deforestation.
The lower part of the organic carbon profile will change only very
slowly because of a low rate of humus increment and humus decay.
-Comparison of the top soil (which did change) with the lower part
{which did not change much) meakes it possible to determine the changes
in organic metter content that occurred in the top scil. Determination
of changes -in this way is not influenced by differences in organic

. carbon content between plots which are a result of a different texture
_ or other interfering factors.

Studying the carbon profiles of K1, Kz, K3, Ky, K5 and Ky in
relation to the carbon profile of K¢ it can be seen that changes in
cerbon content are limited to the. upper 10 cm of the profiles.

A quentitative approech of the changes in this layer has been made as
follows., The original amount of carbon in the upper 10 cm of every
profile has been calculated by integrating the function c = ap® between
p=0and p= 20 cm. This origiral amount hes been compared with the
gverage emount in the top soil samples {A-samples), The results are
presented in Teble T,

Table 7. The amounts of organic carbon in the upper 10 cm of
profllea X1 up to K75 X: smount celculated by integrating
= ap”, Y!: average eamount of A-gemples

profile carbon content (¢) X Y Y expressed
gs welght per volume g/TOO cm® /100 em® ag % of X
versus depth (p)

K, £=26(p+5.0r0+95 32 27 8l
K, c*Eh(p+5-5)'o'85 3k 2k T
X, e=17(p+h.0)=0- T 36 31 86
K, <:=3h(1:v+5.5)'1‘06 31 25 81
Ky c=3h(pt5.5)7] 06 31 23 Th
Kg  e=17(p+3.0)7+00 25 21 84
Ky o=18(pth,5)"0-T9 33 25 75

A disadvantege of this method is the fact that an average value
of several samples distributed over a certain area is compared with a
value based on the carbon contents of only one soil column,

The representative value of the last figure is unknown because know-
ledge sbout the local variation of organic carbon content in deeper
soil layers is not availsble, For & full statistical analysis of
changes in carbon content much more data should be collected to get a
good idea of the variation of this parsmeter through the whole soil
profile,

Another difficulty is met in interpreting the data in Teble T
because it is not known exactly to which depth the function ¢ = apP of
8 certain profile under virgin forest would have been valid, whether
this is 3 em, as indicated by Kg or not. This will influence the way
the percentages in Table T may be compared.
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6.3.3. Conclusions

After all a tentative conclusion with regerd to changes in
organic carbon content may be the following., Changes in orgenic
carbon content due to normal shifting cultivation practises are limited
to the upper 10 cm. The fact changes are limited to this soil leyer may
be the result of the absence of intensive soil tillage and the very
short cultivation period (only ore cropping season}.

Considering a rrofile under old secundary forest (Xg) as a refe-
rence the amount of organic carbon in the upper 1C cm decreased about
15% after & second use of the profile for shifting cultivation within
7 years (K5, Kp, K3).

The original carbon content in the upper 10 em of the profile
may have been restored after s fallow period of 15 years (Ky).

6.4, TOTAL NITROGEN
6,4,1, Results

Diagrams of the nitrogen profiles are found in the Figures 9 up
to 15. Nitrogen amounts in the samrles from the top seil are recorded
in Table 8 (see next page).

From these values amounts of nitrogen expressed as kg per ha for the
0=10 cm leyer are calculated. Latter figures together with those of
Table 6 are used for determination of C/N ratios (Table 9).

Table 9. C/N ratios in the top soil of plots Xy up to X7

depth K4 Kn K3 Ky, K5 Kg K7

0=i0em 11,8 12,9 13, 1.8 11.6 124 12.9

G.h,2, Discussion

Gaseous nitrogen not taken into account, soil nitrogen practically
cntirely forms part of the organic matter, A small percentage consists
of free and adsorbed ammonium ions. Vitrste seems to be absent irn the
soil solution of the studied soils, maybe due to the method of analysis.

Figures 9 up to 15 already demonstrate the relationship between
total nitrogen and orgenic carbon. Nitrogen profiles much resemble
carbon profiles. The nitrogen proportion of organic matter is given by
the C/F ratios in Table 9. This ratio varies between 11.§ and 13.0,
which values agree with those mentioned in the literature as normal
for organic matter in ferrallitic forest soils,

In accordance with the differences in organic carbon content the
differences in total nitrogen amounts of the top soil can not be
explained in a gimple way. High organic matier contents also mean high
amounts of nitrogen or in other words an increase in organic matter
will be sccompanied with an increase in nitrogen supply; the reverse
applies to decomposition of orgenic matter in the soil. As Table 8
illustrates absolute smounts of Ffixed nitrogen in the soil are extremely
high. Only in the upper 12 cm of the soil an average of 2000 kg N per
ha is incorporated, Such amounts are higher thar those incorporated in
a neture forest vegctation.
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From the view point of plant production in shifting cultivation
the soil nitrogen supply is very important because nitrogen from the
vegetation is lost by burning. Decomposition of organic matter in the
soil provides a source for nitrogen nutrition of the crops. Assuming
8 hums decomposition rate of 2-5% per year - as GREENLAMD & NYE (1959)
caleulated for forest soils in West Africa - L0~-100 kg F per ha per
year would be released in this way. Taking into account an even more
rapid decomposition after burning the forest, it will be clear crops
as & rule do not suffer from nitrogen deficiency. Observations in the
field could not discover any symptoms of nitrogen deficiency.

In a summery sbout fertilizer trials NYE & GREENLAND (1960) conclude
responses of nitrogen fertilization are low on such soils if the fallow
period is long enough. In case of increasing intensity of land use
{i.e. continuing the cropping season) responses also increase.

€.4.,3. Conclusions

The amounts of nitrogen in the soil are related to the amounts
of organric cerbon by the C/N ratio. This ratio varied from 11.6 to
13.0 in the studied soils.

Soil nitrogen supply is high in a well balanced shifting cultie
vation system. Nitrogen nutrition of the crops is satisfactory as long
as a high organic matter content is maintained i.e. in the case the
fallow period is long enough.

£.5, CATION EXCHANGE CAPACITY CEC
6.5.1. Results

In the same way &as applied to the carbon and nitrogen profiles
a graphic representation of the CEC profiles ig given in the Figures

9 ur to 15, Data about the samples from the top soil are found in
Table 10,

Table 10. Cation exchange capscity (CEC)} in meq/100 em> of the top
s0il; see Table 3 for code explanation
depth A A A A A M K
(om) TR 3 4 5
K, 05 9.05 9,42 882 9.74% 10.20 9.h1 9,45
510 6.98 T.99 6,54 8,70 8.05 7.59 7.25
Ty, 0w5 8,10 T.61 7T.27T 6.52 6.53 10.23 7.21
5=10 6.47 5,18 5,70 6.6h T.06 6.38 6,01
K5 0--5 5.67 5.1 T7.7% 7.23 8.05 6.75
5=10 £.72 5.92 6,48 6.32 T.28 6 .54
X, ©=5 9.75 8.91 9.271 9.48 9.27 9.34
5=10 7.54 8.2.8 8.58 7T.13 71.97 7.88
K3 0=-5 12,07 12,20 11.4¢ 11.08 8.96 11,16
S5 10 16,40 9,63 10.75 10.10 9.82 10,14
Ky 0-5 7.88 10.39 13.37 8.89 9,27 9.96
5.10 6,81 7,48 9.30 T.24 10,69 8.30
Kg 0-5 6.4k 6,30 7.51 6.59 8.k 7.07

Nt 5.21 L.58  £.37 5,33 5.69 5,40
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Concerning the method of determination of the CEC it is worth-while to
observe the pH of the ammonium acetate solution for percolation.

This pH value amounts to seven which figure ic much

higher than that of the soil solution. Determination of the CEC at the
tH of the soil solution would produce lower values. Especially the CEC
of organic matter and to a minor degree the CIC of kaolinite also
depends on the pH.

6.5.,2, Discussion

In soils with mainly kaolinitic clsy minerals the capacity to
adsorb cations in exchangeable form depends to a high degree on the
organic matter content of the soil, In some measure this is illustrated
by the shape of the carbon profiles and the CEC profiles (see Fig.
9~15). Apart from the subsoil the diagrams of both kinds of profiles
show & similar shape. In the subsoil CEC values are relatively high
due to an inereasing clay content i.e, an increasing contribution of
the clay to total CEC,
The different degree to which both clay and organic matter
contribute to total CEC can be calculated via the method described
below (see BENNEMA, 1966). The method refered +to is based on the
assumptions that
1) the cation exchange capacity of the soil in question is practically
all located in the clay fraction and the organic matter,

2) one gram of clay has in the same profile aprroximately the same
cation exchange capacity through-out the solum and

3) one gram of carbon has in the same profile approximately the
same exchange capacity through-out the soluum,

The data from the samples of one profile are the basis for calcu-
lating. For each sample 100 CEC and 100 carbon in which CEC is the

clay clay
cation exchange capacity of the sample determined in the laboratory,
clay is the percentage of clay and carbon is the percentage of carben
can be calculated. The values are different for the different samples
of one profile, so these terms are the variables and could be called Xy
and ¥p. The relationship between Xy and Xp can be expressed as follows:

X1 = CECqgp + CECqoXp, in which CECyqgp is the cation exchange
capacity of 100 grams clay and CECi. is the cation exchange capacity
of one gram carbon., This equation can be solved statistically or
approximately graphicelly. Figure 17 represents an example. Complete
data of the calculation of CECqpp by means of linear regression anslysis
are given in Table 11, as is the case with CEC1¢. Since exact texture
data were known only for profiles X», K3, K and Kg the calculation is
restricted to these profiles,

As shown by Table 11 the CEC of organic matter varies between 2.6
and 3.1 meq per grem carbon; CECgg amounts to 2.2-5.5 meq per 100 gram
clay, Teking into account a lOamy texture for the top soil of the
studied terrace soils with a percentage of clay less than 40% it can be
seen that the mineral pert of these soils contribute legs to a well
balanced and regular provision of the vegetation with minerel plent
nutrients than the organic metter., This is not only irmportant under
natural conditions but also if fertilizers are applied in an sgricultural
use of thesge soils.

Concerning the saturation of the exchange complex aluminium is
the most important metal ion in terrace soils under forest (JANSSEN,
1973) if amounts are expreesed as milli-equivalents.
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Fige 17, Relation catlion exchange capacity end grems carbon
with presence of 100 greme clay; profils Kz.
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Table 11, Values for CEC of 100 grams clay snd CEC of one gram carbon
obtained by linear regression analysis of cation exchange
capacity (¥) on grams carbon (X) with presence of 100 grams
clay; r< is the coefficient of determination

pro=- regression r2 CEC1p0 CECqo standard standard standard
file function meq/100 g meq/g error of error of error of
clay carbon CECqgqg CEC1q estinate of
YonX _
K, ¥=CEC 5, #CEC, X 0.99 2.67 2.70 0.57 0.08 1.79
Ky Y=CEC100+CEC,4.X 0.99  2.75 3.07 0.28 0.06 0.86
Ky, Y=CEC, ,#CEC, X 0.99  3.90 2.60 0.26 0.06 0.81
= .5 . . .06 .
KG Y CEC1OO+CEC1C.X .99 5.52 2.72 0.6k 0.0 1.98

The contribution of X, Ca and Na is very small in such conditions. It
amounts 5% at most and it decreases with depth. Among Ca, K, Na and Mg
the First one is more important.

Addition of ash to the soil will increase base saturation. For
this purpose exchange of ions is necessary. The process of exchange as
a rule proceeds very rapidly. However an increased amount of a certain
ion adsorbed to the complex will be maintained only for the time the
concentration of the ion in guestion in the soil solution is also main-
tained at an increased level, In the case of mobile ions as potassium
ions their concentration in the soil solution ¢an change rapidly due
to percolating rain weter. As a result changes in the amount of potas-
sium at the exchange complex will be of short duraticn,

6.5.3., Conclusions

In the studied soils the contribution of the clay to totsal CEC
appeared to ampunt to 2,2-5,5 meq per 100 grams clay. These figures are
low due to the fact kaolinite was dominant in the clay fraction. The
contribution of organic matter amounted to 2.6-3.1 meq per grem caerbon.

From & viewpoint of a regular and well balanced provision of
both natural vegetation and crops with plant nutrients the actual and
potential contribution of organic matter to total CEC is of special
interest compared to the contribution of the clay in terrace soils.

6.6. POTASSTUM
6.6.1. Results
The diagrams of the potassium profiles are represented in

Figures 9 up to 15. The amounts of potassium in the top soil are found
in Table 12.
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£.6.2, Discecussion
6.6.2.,1, T™e distribution of potassium through the profile

Both in biotic and dabiotic environment the element potassium is
often present in the form of free or adsorbed iona. Potassium salts
are very soluble in water. Because of these rroperties the rate of
turnover of potassium in the nutrient cyecle is very high as already
mentioned in the introduction.

Bome aspects of this rapid turnover are also demonstrated by the data
of the present investigations and these will be discussed in the
following.

The potassium profile under forest (see Fig. 14) shows a gradual
decrease with depth. This decrease in K content of the soil rums
parallel to a decrease in exchangesble capacity., The upper 10 cm of the
profile contains 13-27 kg K/ha (profile Xy, Kg and Kg) corresponding
with a potassium saturation of the complex of less than 1%.

During the burning of the forest potassium from the vegetation
is spread upon the soil surface in the form of carbonates,silicates and
rthosphates. During the first rains which follow K is readily released
from these salts and it is washed together with anions into the profile.
Translocation of K through the profile is a repid process. Compering
K¢ and K, sampled only two months after burning with the other profiles
the top soil already appears to be enriched with XK to a depth of 30 cm.
Estimating this enrichment, an amount of sbout 100 kg K/ha for Ko and
about 200 kg K/ha for X1 is found.

Besides the K-profiles one or three years sfter burning (K3 and
KT) appear to differ only a little from the profiles after seven or
fifteen years (Table 13), taking into account differences in total CEC.
K¢ under mature forest show a rather low K content through the entire
profile due to a rather low total CEC. Obviously the increase of readily
available K is of short duration. However it is not clear yet what will
happen with the potassium after being washed into the soil and trans-
located to & certain depth.

Teble 13, Vertical distribution of potassium through the
profiles X4 up to K7 in kg/ha

depth K, = K Ky K, e Ke X

(cm) T
0= 10 78 66 33 27 24 13 35
10- 50 217 51 50 4o 19 13 Lo
50=100 1 20 17 18 0 10 19

0-100 306 137 100 87 43 36 oL
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6.56.2.2, Leaching of nutrients

Confronted with the data of the potassium determination of
profiles Kt and Ko against those of the other profiles it was thought
worth-while to investigate the mobility of potassium and other cations
in these profiles. For this purpose samples were percolated with
distilled water in the same ratio as usual for determination of the
CEC. In the percolated solution the concentration of X, Ca en Na were
measured, _

In order to establish what kind of anions provide compensating
negative charges phosphate, nitrate, chloride, bicarbonate and organic
carbon also were determined. Organic carbon might play a role in the
form of simple carbonic ecid anions. The results of the analyses are
recorded in Tables 14, 15 and 16,

In all three profiles the total amcunt of potassium soluble in
water iz 50-60% of the amount determined with ammonium acetate perco-
lation here called exchangeseble or aveilable K, So irrespective of
profile, vhether under young secondary forest (K5) or under cropping
(Xq and Kp) this percentage is high. Under forest it seems to be
connected with a rapid mineralization and with a high rate of leaching
out ¢of the leaves,

The high percentage of water soluble potassium in profiles Kj
and Ko means that e large part of the potassium from the ash comes
directly into the soil solution and remains dissolved. So this fraction
is extremely mobile and depending on the quantity of leaching raine
fall immediately after burning it will move to deeper soil layers more
or less rapidly.

The amounts of water soluble calcium are relatively small but
the elements sodium is mobile like potassium. The quantity of water
soluble sodium expressed as a percentage of the total quantity deter~
mined with NH)0Ac percolation shows an increase after burning from
35 to T0% (X5 compared with Ky and Kp).

NYE & GREENLAND (1960) consider nitrate and bicarbonate to be
most frequent anions in the soil solution of ferrallitic soils. However
in the analysed samples the presence of nitrate could not be sstablished.
The soil sclution seemed to contain nitrogen only in the form of
armoniur,

As a metter of course the role of phosphate and chloride in the soil solu=-
tion is negligible., Sulphate was not determined but presumably the
concentration of this anion also may be low.

e most important anion which provides compensating negative
charges for translocation of cations is probably the bicarbonate ion.,
Its concentration in the percolated solution (see Tables 15 and 16)
appears to equal the concentration of all cations together. Next to
bicarbonate meybe organic anions play & more or less important role,
Supposing that sll organic carbon in the percolated solution comes from
formic acid, HCOOH, or acetic acid, CH3COOH, there ere organic anions
enough to balance all positive charges. This supposition is partly
based on the fact the organic carhon mist belong to water scluble
compounds, and partly on data from the literature. In a summary sbout
the occurrence of organic compounds in the soil FLAIG (1971) mentions
acetic acid and formic acid in a concentration of 0.5-1.0 meq per 100
grane soil each. These Figures are of a similar range as which cen be
cazleulated from the organic carbon contents in Tables 15 end 16,
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However it is not clear to which environmental conditions the data
of FLAIG apply.

Between the amounts of water soluble organic carbon and the
total ampunts of organic carbon a linear relationship exist applicable
to at least the upper 30 cm of the scil. The water soluble part is =
percentage of sbout 0.4 of total carbon for K5 {before burning) and
sbout 0.2 for Kp (after burning.

Considering the above-mentioned results as an indication for a
rapid translocation of potassium from the agh through the profile
the question whether this leaching process gives rise to real losses
of K from the profile still goes unanswered. Concerning shallow rooting
znnual crops a certain fraction may soon be beyond their reach. Msybe
absolute leaching losses are prohibited by a developing fallow vegeta-
tion which will root deeper and tazke up leached nutrients from the
gubsoil.

Apart from possible losses due to leaching there are of course
logses as & result of harvesting crops. The amounts of potassium
removed from the field during harvesting are relatively high for
starch crops compared with other crops; cassava, yans and bananas
30-60 kg K per 10.000 kg fresh weight per ha, rice and maize sbout 3
kg per 1000 kg seed weight per ha,

Losses from the ecosystem c¢an only be replenished by potassium
released from little soluble fractions., However these fractions are
not large and besides replenishment from this source is a slow process.
For twelve forest profiles in Ivory Cosst NYE & GREENLAND (1960) give
the following proportion between non-exchangesble and exchangeasble
amounts of element in the upper 20 cm: K: 2.2-10.4, Ca: 1,2-3.7 and
Mg: 2,0=8,4, According to data from Liberia, Ghana and Congo a more
favourable figure would apply to phosphate, viz, 20~100.

6.6.3., Conclusgions

Potassium is very mobile in the soil; over half of the amount
determined by ammonium acetate percolation in profile Xy, Ko and Kg
was water soluble. A large part of the potassium from the ash comes
into the goil solution so that it ia rapidly translocated through the
vrofile. Enrichment with X from the ash was found up to & depth of
30 cn after two months (profiles Ky and Kp)}. Profile Kq was estimated
to be enriched at & rate of 200 kg/ha, profile Ko at a rate of 100
xg/ha. Changes of the amounts of available potassium after burning
were of short duration; they had disappeared after a year.

Compensating nezative charges necessary for the translccation
of potassium and other cations (particularly emmonium and sodium) were
provided by bicarbonate and probably also by organic ions.

Because of leaching part of the potassium fraction from the ash
may soon be beyond the reach of shallow rooting annuel crops.

The total amount of availsble potassium in the upper 100 cm of
the soil under forest had been estimated at 100 kg/ha at the most.

€.7. CALCTUM
5.7.1. Results

The calcium profiles are represented in Figures 9 up to 15. The
smounts of caleium in the top soil are given ir Table 17,



-T1 -

O M Ty

; 2 e M Tzt ¢ Loto |
: %3 1 g0 i £€2°0 220 .
: ¢o ey 620 |
: . e 9g"L | YA 62'1 |
; W { ono g0 &0
I N O B T
w w F W 0 M 0 o !
W LSt g iog20 §0°0
H ! i ;
: W 5 |00 LoRL0 800
| .o [ meo 60°0 8L°0
i i { ;
: M €0°0 90°0 | %0°0 :  10°0
008 TR gy R6'2 1 0L ¢ $0°0
: . { _ n
i 0 | Lo'o o | 0
(@0 1 (e99 99°0 $6'0 ' 20 ;120 !
U R S R S
-+ M & : m
oY)

BY/IA UT QUNOWS WATOTED (M
mﬁo 00L/3 UT 4U23000 WRIDTED (»

L

Y

Amm

iL°o :

2170
29°0

gL'o
£L°0

s~0 X
oL~

m...o»u

oL~5
&-0 ¥

0L~¢
¢~0 My

Ol=¢
§=0

oi=g
=0

0L=s
~0

e i e

(@}
yadep

R Xt o ety

uoTyBUBTEXa Spod 07 £ oTqBy 208 {Trof dog oy} UT EMIOTE) LI 8TqQug



-T2 -

6.7.2., Discussion

In comparison with potassium calcium is much less robile.

Calcium salts are often little soluble in water and in the soil this
element is adsorbed more strongly to the complex than potassium,
Besides caleium uptake and immobilization by a vegetation is & more
gradusel process as compared to potassiun.

Under & vegetation of secondary forest the Ca profile shows =
gredual decrease with depth (see Fig. 14). Burning the forest, caleium
from the vegetative biomass comes to the soil in the form of selts.
Then it is washed into the scil but translocation through the profile
is very slow. Much of the calcium from the ash remaing concentrated
in the upper 10 em as the profiles K1, Kz end K3 show {see Table 17 and
Fig. 9, 10 and 11). After three years the surface soil still appears
to be erriched with calcium, but after geven years this enrichment has
disappeared., Maybe in a young fallow the available calcium contents in
the s0il will fall even below the equilibrium status of mature forest
as applies to phosphate (see 6,10), An estimation of the amount of
calcium released during burning is exact to a small degree on the basis
of the data in Table 17. LAUDELOUT (1961) found an amount of 280 kg per
ha for a thirty years old fallow. Considering the data in Table 17 this
Tigure mey indicate et least the order of magnitude for the situation
here studied. For Xade, Chana an amount of about 1400 kg Ca per ha was
found when a forty years cld fallow hzd been burnt (NYE & GREENLAND,
1960). This quantity seems to be much higher than applies to the con-
ditions prevailing in the present situstion. In this connection the
rise of pH in the top zoil after the burning is much lower for the
terrace soils than the one which is reported for the soils of Kade.

In 6.6,2,2 the low mobility of calcium in the soil has been dis-
cussed. Leaching of this element is not intensive., Therefore losses of
calcium on permeable soils will be brought about mainly by crop removal,
But these amounts are not large viz. less than 1 kg per ha for 1000 kg
rice or maize, or 10.000 kg fresh weight of yams or bananas. For
cagsave this quantity is probsbly somewhat larger.

Although the calcium content of the soil during cropping appears
to be rather low this element is much less deficient for erop growth
than phosphate {see 6.10) ag it was proved by fertilizer trials of
JANSSEN (1973).

6.7.3. Conclusions

Caleium is rather immobile in the soil. The calcium added with
the ash gave rise to an enriched top soil for a number of years,
Losses due to leaching and to crop removal are small. The amounts of
calcium released during the burning of the vegetation have been estima-
ted at some hundreds of kilograms per hectare provided the period of
fallow was long enough. The amounts of calcium present in the soil
after burning are not strongly limiting for crop growth during a few
years ,
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6.8. sSODIUM
6.8.1, Results

The sodium profiles are not represented diagrammatically. The
contents of the samples from the profile pits ere given in Teble 18,
The amounts in the top soil samples are shown in Table 19.

The flame-fotometric determinetion of sodium in the laboretory
hag been readily disturbed. As a result of it the cbtained data some~
times seem to be rather irregular and unreliable.

6.8,2. Discussion and conclusions

Sodium is not an essential element for plant growth but it is
taken up by the vegetation and so it is present in the nutrient cycle.
The sodium saturation of the complex in the upper 10 cm of the soil
under forest smounts to cireca 1%.

The solubility of sodium salts in water is high. In this respect
the behaviour of the element bears a certain resemblance to the
behaviour of potassium. The total amount of water soluble sodium
expressed as a percentage of the total quantity determined with
ammonium acetate percolation increased after burning from 35% (Ks) to
70% (K1 and Ks).

6.9, pH-ls0 AND PH-KC1

6.9,1. Results

The pH values of the samples from the profile pits are shown in
Table 20, For profile K; also a graphic representation of the pH as
s function of depth is given in Pig. 18. The pH values of the top
soil samples are present in Teble 21.

6.9.2, Discussion

The pH profile in the soil under forest shows a regular increase
of the pH values with increasing depth. The pH-Ho0 rises from shout
4,0 to 5.5, the pH-KCl from sbout 3.5 to L4.2. So the change of the
potential acidity is smaller than the change of the actusl acidity.

After burning, the pH of the top soil increases in some
messure, viz., in the upper 5 em 0.4~1.1 unit for pH-H20 and 0,1-0,5
for PH"'KCl []
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Table 18, Exchengesble sodium content (meq/100 cm3) in samples
from profile pits Kq up to Ky

deth G R KK 5 % K7
0-2.5 0.05 0.10 0.05 0.02 0.09 6.12 0.03
1=3.5 0.02 C.06 0.0k 0.23 0.07 0.13 0.01
2,55 0.05 0.07 0.02 0.13 0.09 0.11 0
3.5-6 0 0.09 0.02 .30 0.08 0.09 0
5=T.5 0.05 C.18 0 0,16 0.05 0.06 0
6-8.5 0.05 0.08 0 0.06 0.07 0.07 0
7.5=10 0.13  0.04 0 0.03 0.07 0.09 0
10-12.5  0.06 0,0k 0.01 0.03 0,09 0.09 0.01
17.5=20 0.01 0,00 0 0 0.0k 0.06 0
25=-27.5 0.03 0.06 0 0.06 0.06 0.05 0
32,5=35 0.06 0.06 0 0 0.06 0.08 0
ksol7,5 0.10  0.10 0 0.03 0.0b 0.0k 0
57.5=60 0.10 0,06 0 0,01 c.06 0.03 0
T70=-T2.5 0.06 0.06 0 0 0.10 0.02 0
87.5-90 0.01 0.09 0.01 0.07 0.07 0.02 0
165-107.5 0.03 0,08 0.0k 0 0.07 0 0
125-127.5 0.0t 0.0k 0.07 0.13 0.08 0 0
W7.5-150 ©€.01 0.0k 0.01 0 0.09 0.02 0
170-172.5 0.01 0.01% ¢ 0.08 0 4]

So the addition of salts from the ash to the scil clearly brings
gbout & lower concentraticon of free hydrogen ions, whereas the total
smount of hydrogen ions changes only a little.

The extent to which the pH will increase after burning is deter-
mined by the amounts of cations added to the soil, This is illustrated
by Figures 18 and 19, Both the amounts of potassium and the amounts
of calcium in the upper 5 cm of the soil after burning sre related to
PH values. However among the various cations/lons play a more important
role because their guantity expressed as milliequivalents is large
compared to the amounts of other cations, Besides calcium is not very
rotile and so it gives rise to increased pH values during three years
at least as appears from Tsable 21,

[ealeium
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In the literature alsc some data about this gquestion can be
found, Concerning soils in Kade, Chana, NYE & GREENLAND (1960) give a
pH~Ho0 increase of 2.7 units (from 5.2-7.9) in the upper 5 cm and an
enrichment of 1h00 kg Ca per hectare., In Liberia conditions similar to
those of the presently studied area were found: after burning an
enrichment of 250 kg Ca per hectare was found accompanied with a ph-Hz0
increase of 0.8 unit.

Of course an increase of the pH will influence chemiecal,
rhysical and microbiclogical processes in the soil. In the terrace
soils one of the results probsbly is a renewed process of clay illuvie~
tion (see chapter T).

%.9.3. Conclusions

The increased pH after burning, mainly reflecting the actual
acidity (pH=Hg0) is chiefly related to the addition of calcium with the
ssh, The increase amounted to 0.4=1.1 pH unit in the upper 5 cm (i.e.
from 4.,2-5.3 st most) and was maintained as long as the top soil re-
mained enriched with caleium, viz. sbout three years.,

&,10. FIOSPHATE
6.10.1, Results

The ermounts of available phosphate (P-Bray I) in the samples from
the profile pits are shown in the Figurez 9 up % 15. In the sarmples
from pit K7 no available phosphate was measured. From profile Ks only
one sample contained availsble phosrthate.

The phosphate contents of the top soil samples are shown in
Table 22,

Table 22, Available phosphate in the top s0il; see Table 3 for code

explanation
depth A, Ay, Ay 4 A M A E~” (1)
(om)
K, =5 1o.u*) 8,6 9.9 5,1 6.3 11.0 8.1 6!3:) 6"")
S 10 2. 3.6 k.1 2.4 L.8 3.1 3.5
K, 0=5 0.5 L. 5,0 1.1 1.3 8,1 2.5 1.5 3
= 5210 0 0 1.2 0 0.5 0,9 0.3 *
¥_  Ow5 2,2 1.1 0.6 1.0 ¢© 1.0
> 5210 0 o 0 o0 0 0 0.5
K, O0=5 1.3 1.9 1.7 0.4 0.8 1.2
510 0.2 3.7 O ¢ 'S 0.8
K3 0=5 3.4 3.5 2.7 2.8 L.,9 3.5 3
5=10 1.3 1.7 2.6 1.0 4.2 2,2
¥, Qa5 0 0 0 0 0 0
T 530 o o 06 0 0 0 0
Kg O-5 3.3 2.7 2.T 2.0 1.9 2.5
5=10 1.5 0 1.8 1.9 1,0 1.2

e

x) content in mg/10.000 em3
#%) amount in kg/ha
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Applying the method "Bray I" the phosphate fraction which is
associated with the organic matter is determined. It can form a part
of the organic matter or it can be adsorbed to the organic matter.

6.10.2, Discussion

As shown by the phosphste amounts in Table$ 22 snd 23 the
terrace goils asre very pocr in availsble phosphate,

Table 23, Distribution of available phosphate through the profiles
K1 up to K7; amounts expressed as kg per hectare (see
also data from the top soil in Table 22)

%gg?h K1 Ké K3 Kh ) K5 K6 Kﬁ
O= 10 5 3.5 3 1 0,1 1.5 0]
10= 50 3.5 0 ' a.5 0 0 0 0
50100 4] 0 0.5 0 0 0

The content of the upper 10 ¢m does not surpass 6 ppm and under foreat
not even 2 ppm. The total amount of phosphate in the soils msy be
higher.

Most of the available phosphate is present in the top soil where
also the bulk of the organic matter is concentrated. BRAMS (1973)
found a close relationship between P-Bray I and organic carbon content
indicating that the available phosphete is indeed associated with the
organic matter. Among the present data this relationship only applies
more or less to the phosphate and organic carbon contents of Kz, the
profile which is leagt disturbed. The sbsence of s relationship for
the other profiles may be connected with the low values of the P=Bray
I determinations snd certainly with burning which adds inorganic
phosphate to the soil, The contribution of last mentioned phosyphate
fraction to total available soil phosphate is relatively large as
Tables 22 and 23 show.

Although a mosaic-like pattern of ash (i.e. plant nutrients)
distribution and therefore large local differences in phosphate content
of the soil must be taken into sccount a tentative interpretatinn of
the laboratory analyses with reference to conditions for crop growth
is possible. From the Tebles 22 and 23 the following conclusions can
be drawn.

At the beginning of the cultivation period on plot Ky at most
8 xg P/ha was available for crop growth and on plot Kp at most 5 kg
P/ha, These amounts are comparable with those removed with crops.

NYE & GREENLAND give following data: with 1000 kg seed weight of maize
or rice respectively 2.7 kg and 3.2 kg P is removed, with 10,000 kg
fresh weight of cassava 3.0 kg P. Though there will be a certain
release of phosphate from decaying roots during the cropping period
it is clear that the supply of available phosphate will be exhausted
for s greater part after a second or third crop.
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On residual soils in the same area with a chenmical fertility equslling
that of the mlluvial terrace soils strong deficiency symptoms of
phosphate has been observed when a second crop was grown after a short
fallow, Data of & soil fertility research on the terrace soils at
Victoria and Baboenhol {JANSSEN, 1973) have also proved that the supply
of available phosphete is very limited. From fertilizer trials with
maize it appeared that phosphate was the most deficient nutrient.

. The available phosphate which is left in the soil after the
ecropping period is absorbed by the developing fallow vegetation. During
its developmment the contents of avsilable phosphate in the soil
decrease to zero (see Ky). The fraction of organic soil phosphate is
not restored until the fallow is severel years old. As the vegetation
grows older it will elso take up phosphate from relatively insoluble
fractions. Through the vegetation and the litter layer this phosphate
finally will come to the organiec matter in the top soil.

Losses of phosphate will be brought asbout chiefly by crop
removal ., Losges from percolation are negligible because of the low
solubility of phosphates (see 6.6,2.2). Besides on these permeable
soilg little phosphate will be lost as a result of ash being washed
away from the soil surface. On less permeable residual soils in the
same area indications of large losses by . run~off have been found
(BUDELMAN & KGETELAARS, 19T4).

6£.10,3. Conclusions

The amount of readily available phosphate in the soil under
forest is very small, viz. 1-2 ppm in the upper 10 cm., This amount
directly inecreases with the phosphete during burning, to 8 ppm at
most. After two or three crops the quantity of readily availaeble
phosphate present at the start of the cultivation period will be ex=
hausted. Therefore pvhosphate very gquickly hampers on extengion of the
cultivation period.

The available phosphate left in the soil after cropping once is
absorbed by the developing fallow vegetation. The fraction of readily
availasble (organic) soil phosphate is not restored until the secondary
vegetation is several years old.

7. MICRCMORPHOLOGICAL DATA
T.1. RESULTS

Complete descriptions of the slides are added in an appendix
{see 7.3). The results of counting peres ere summed up in Tables 2k
and 25, From both countings the layer from 3-T7 cm of profile Kp which
contained much charcoal iz excluded. Also in all profiles the sttribue
tion of charcoal to total pore space is neglected.
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Teble 24, Number of pores counted in each elass and preportional
distribution

20-50 50-100 100-300 300-500 500-1000  1000-2C00 > 2000

Kg-1 812-.52 L451-26 2k0-15 312 he 1 T= <1 2= <1
Kp=1 ThS=52 137-30 210-15 29=2 12- 1 3-<1 3- <1
Kg=1 673-54 352-28  182-15 He3 1= <1 3 <1 0~ 0
Ko=1 959-54 522-29 238-13  39-2 15= <1 hm<1 0= O

Table 25. Total number of pores with a diameter less than 500 micron

per cm
mumber / em® gtenderd deviation to
K5—1 1997 225
K,).-KE: 3.24
I(.J.-K3 : 3,12
K~ 1692 1h1
Ks-K7= 1.70
KE-KB H O L] 90
K3-1 1588 20k
. ' KE—KT: 1,11
| Ky-Kqz 159
K7-1 1801 237

P(tT > 2,37) = 0,05 -

The stendard deviation in Table 25 is calculeted according to the
formula: 2 2
x° - (x)
u

st.dev, = =g

n=1
in vhich x means: number of pores per cm2 per counted band, and
n means: number of bands counted (= 8).
Testing of significance is done using the studient-varisble with variance
s 2 + 5 2
1 2
n

end with a gignificant level at 5 percent.
The amounts of clay skins between 15 and 30 cm depth are given
in Table 26.
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Table 26, Amounts of clay skins between 15 and 30 em depth in volume
% of the soil metrix; profiles Kps Kgs Keo Kg ond Ko

profile clay skina (%)
K, 1.6 + 0.9
Xg 3.2 + 1.3
Ks 1,3 + 0.8
K6 traces
KT 2.7 + 1.3

T.2. DISCUSSION AND CONCLUSIONS

Al1 profiles are characterized by a high biological activity
witness the fact that meny bicpores sre pregent, i.e. channels, vughs,
interconnected vughs and compound packing voids. Especielly in the
upper 10 cm the goil for a greater pert consists of recent animal
excrements. Increasing depth decresses this biologicel activity
markedly; this is accompanied with a decrease in organic matter content.

The goil metrix shows the typical portrait of & entirely
weathered tropical soil. In a plasma of clay, crgenic matter and iron
almost solely gquertz grains occur. These quartz grains are the remains
of the original parent material, Unweathered mincrals are practically
absent. This iron component becomes more and more distinet dowrnwards
into the profile as a result of a decreasing organic matter content.
There are some phenomena which point to a continuous dissolving and
precipitating of the iron compounds in the profile, viz. the desinte-
gration of some ferric nodules and the diffuse boundaries of others
and the gmell amounts of chapnel neoferrans.

Upwards toward the soil surface these phenomena become less pronounced
owing to the fact that the process of homogenization dominates more
and more in this direction, Immobilization of iron elso takes place in
and on charcoal pleces.

Charcoal is present in all profiles distributed over both slides
as coarse pleces with a still recognizable wood structure and elso
finely dispersed through the soil matrix. The highest guantity of
charcoal is found in slide Kp-1; this slide shows a charcoal band
formed between 3 and T cm depth as z result of a superficial soil til-
lage, This tillage was necessary to remove weeds from the field before
cropping.

Clay skins are present in &ll profiles in certain eomounts varying
from traces to over 3%. Mainly they are formed in channels below a
depth of 15 em and in the previous xylem vessels of charcoal pieces.
These charcoal pieces with clay sking cen be found till close to the
soil surface.



- 85 -

-

The mobilization and tramslocation of clay prior to the forming
of cley skins should start just below the soil surface, Besides, this
should be a recent or possibly continuous process, since homogeniza-
tion will fade away old clay. skins, The presence of cley skins in
charcoal of slide Kp=1 also suggests a translocation of recent data. The
charcoal between 3 and T em depth is probably half a year old and at
most seven years old. So, one can say clay illuviation is & rapidly
rroceeding process, in the sense that it gives rise to clearly obser-
veble micro-morphological features at short notice, However the amounts
of clay involved in the forming of sking may be very small, The. total
amount of skins in the soil between 15 and 30 cm depth may have been
formed during s prolonged period.

On the basis of the studied material nothing can be stated for
certain about the origin of the recent clay translocation. However
DE BOER (1972) observed the same phenomenon in similar soils in eastern
Surinem. From & comparison of profiles under virgin forest and profiles
used for shifting cultivation he concluded clay illuviation ie an
indirect rezult of clearing end burning the forest, Mobilization of
clay sntecedent to translocation and illuviation could be caused
mechanically viz, by the impact of heavy rainfall on a dry soil; but
also chemical changes in s0il conditions might play & role viz. an
incresse of the pH as a result of the addition of ash to the soil,

Arong the presently studied profiles a good reference - a profile
under virgin forest = to confirm the conclusions of DE BOER ig not
available. X6 a profile under secondary forest of more than 100 years
old shows clay skins sporadicelly below 15 cm. The presence of these
few skins mey be a consequence of a partial destruction of previously
greater amounts of skins, Thig would mean that translocation of clay
will stop under a developing secondary forest. But it is also possible
that the rate of eclay illuviation and forming of skins is less rapid
in profile Kg because of a lighter texture compared with the other
profiles, Last mentioned supposition is not backed by data of DE BOER
who did not find any relation between texture and smounts of cley
sking.

After all it seems likely that shifting cultivation indirectly
gives rise to a renewed or sccelerated prcocess of elay illuviation in
the studied terrace soils. Under virgin forest, i.e. high pH velues
and slternated wetting and drying of the top soil being absent, this
process may have stopped or stabilized at a low rate. Suggesting that
shifting cultivation can start clay illuviation in soils which would
have been oxisols under virgin forest - as done by DE BOER - secems
alien to the concept of oxisols.

Differences in smounts of clay skins between the various profiles
can be attributed to a more or less prolonged process of clay illuvia-
tion started once or more than once after use of the profile for
shifting cultivation.

The conclusions from counting pores are twofold. The rroportional
distribution of pores with a diameter less than 2 mm appear to be very
steble under present land use, On the contrary the total number of
pores with a diameter less than 0,5 mm appear to vary between the
ptudied slides, Only differences between Kg and K», and between K5 end
K3 reach the significance level. These differences stand for a des
crease of the number of pores with a diameter less than 0.5 mm in the
year following clearing and burning.

This decrease seems to correspond with the decresse in total pore
space already concluded from bulkdensity data which are more represen-
tative of the plots in question, This compaction of the top soil has
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been discussed in 6.2,.2.1, Although the results of the pore countings
suggest that compaction implies a decrease in the nunber of pores

with a diameter lesgs than 0,5 mm probably a decreese in the number of
nacropores may be more important in this respect. For & slight come
paction eliminates these macropores first. Besides changes in the
nurber of macropores volumetrically outweigh changes in the number of
pores with a small diameter.

7.3. APPERDIX: MICROMORFHOLOGICAL DESCRIPTIONS OF THE THIN SLIDES

Description of thin section number 75069 (profile Kp, depth 0«15 cm)
end number T50T0 (profile Ko, 15-30 cm).

Basic structure

Skeleton grains:

Flesma

e

Voids

Special features

Plasma reorien-
tetions :

Ferri-argillens:

Matrans

Ferrans snd
neoferrens :

Papules H

Pedotubules H

Ferric nodules

mainly corsgisting of quartz with some micas and
heavy minerels; most skeleton grains have & low
sphericity and an engular to subrounded shape;
they occur in a random distribution pattern.

congisting of cley, organic matter and iron with
an asepic plasmic febric; the organiec matter content
decreases with depth.

: biogenetic including channels, vughs, interconnected

vughs and compound packing voigds.

skelsepic, glaesepic, channel vosepic and insepic
in a weakly striated orientation.

faint ferri-argillans, 5-20(~80) micron in thickness
with a sharp outer boundary occur at randem from

a depth of sbout 9 em below the soil surface in
channsls, but they ere also present in the vesicles

of charcoel p&eces in the layer of 3~T emj the quantity
between 15=30 em is 1.6% 0.9% of the soil material.

distinct matrans, 5-300 mieron in thickness, with
& sharp outer boundary are found in charcoal pieces.

few ferrans end neoferrans, 5-20 micron in thickness,
with diffuse and irregular boundaries are present
in some charcoal pieces,

derived papules of the above mentioned ferrl-arglllans
occur in a very small gquantity.

few distinet, ortho- and meta-, aggro- and isotubules,
20008000 micron in diameter, in a random dietribution
pattern.

: few distinet ferric nodules, 20-3000 micron in dia~

meter, subrounded, with a low to high sphericity and
gharp boundaries in a random distribution pattern;
sometimes they contain quartz grains.
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Fecal pellets : ‘common distinct single matric fecel pellets, 50-~100
micron in diameter in a clustered distribution
pattern common Paint welded matric fecal pellets,
50-100 micron on dismeter in a clustered distribution
pattern distinet single orgeanic fecal pellets, 20-30
micron in diameter, occuring regularly in deceying
roots.

Flant remnents : - fragments of fresh and decaying roots are very
common
- there are many coarse pieces of charcoal meinly
in a banded distribution pattern between 3 and 7
em below the soil surface and much fine grained
charcoal is present throughout the 0-30 cm lsgyer.

Description of thin section number 75073 (profile K5, depth 0-15 cm)
and number 75074 (profile Kg, 1530 cm),

Bagle structure

Skeleton grains : mainly consisting of quartz with some micas end
heavy minerals; most skeleton grains have a low
sphericity end an engular to subrounded shape; they
occcur in & random distribution pattern.

Plasma : consisting of clay, organic matter and iron with an
asepic plasmic febric; the organic matter content

. decreases with depth,

Voids : biogenetic including chennels, wvughs, interconnected

vughs and compound packing voids,

Special features

Plasma reorien- akelseplc glaesepic, chamel vosephlc and (in K5--2)
tations ! insepic in a weskly str1ated orientation.

Ferri-argillans : fzint to distinct channel ferri-argillans, 5-30
micron in thickness, with a sharp outer boundary;
they occur in a random to clustered distribution
pattern mainly below a depth of 15 cm; the amount -
between 15 and 30 cm is 1.3¥ 0.8% of the soil
material; in & minor quantity they are also present
in the vesicles of coarse charcoal pieces throughout
the 0=30 cm layer,

Matrans , : distinet metrans, 30~50 micron in thickness, with a
sharp but irregular boundary occur in some charcoal
Tieces. _ 7
Ferrens and few ferrans and neoferrans, 5-50 micron in thickness,
neoferrans : with diffuse and irregular boundaries are present in

and on coarse charcoal pieces.

Papuleg : derived papules of the above mentioned ferr:.-arglllans
occur in a very small quantity.
Pedotubules : common distinct, ortho- and meta-, aggro- and isotu-

bules, 250-3000 micron in diameter, in a random dis=
tribution pattern,



- 08 -

Perric nodules : common distinet ferric nodules, 20-4000 mieron in
diemeter, subrounded, with = low to high ephericity
and sharp boundaries in 2 random distributiocn
pattern; sometimes they contain quartz grains.

Fecal pellets : many distinct single matric fecal pellets, 20-T0
: .micron in diameter, in a clustered distribution

pattern, frequently occuring in channels;
common faint welded metric fecal pellets, 20-100
micron in diameter, in & clustered distribution
pattern;
distinct single and welded orgenic fecal pellets,
20~T0 micron in diameter, in a clustered distri-
bution pattern in deceying roots.

Plant remnants : = fragments of fresh and deceying roots ere found
sbundantly throughout both slides; ‘
~- coarse pleces of charconl are scarce end at
random distributed, but fine gresined charcoal is
present in a considerable amount,

Description of thin section mmber 75071 (profile X3, depth 0=15 cm)
and number 75072 (profile K3, 15-30 cm).

Bagic structure

Skeleton grains : mainly consisting of quertz with some micas and heavy
minerals; most skeleton grains have a low sphericity
and sn angular to subrounded shepe; they occur in
& rendom: distribution pattern.

Plasma : consisting of clsy, organic matter and iron with en
ssepic plasmic fabrici the orgenic matter content
decreases with depth.

Voids : mainly biogenetic ineluding channels, vughs, inter-
connected vughs and compound packing woids craze
planes are also found, the gquantity becoming larger
as depth incresnses.

Special features

Plegma reorien~  skelsepic, gleesepie, channel vosepic and insepic in
tations : a weakly striated orientation.

Ferri-srgillans : few faint to distinct ferri-argillans, 550 micron
in thickness, with & sharp outer boundary, occuring
in the vesicles of coarse charcoel pieces in the
0=-10 ecm layer;
distinct channel ferri-argillans, 10-100 micron
in thickness, with & sharp outer boundary, in a
random to clustered distribution pattern, mainly
present in K3=2; here the percentage amounts
3.2% 1,3% of the soil material,

distinet matrans, S=T0 micron in thickness, with a
sharp to faint, irregular boundary occur in most
coarse charcoal pieces.

Matrans



Ferrans and
neoferrans

Papules ¢

Ferric nodules :

Pedotubules :

Pecal pellets :

Plant remnants @
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few distinet ferrans and neoferrans, 5-20 micron in
thickness, with diffuse and irregulsar boundaries
are found in and on some coerse charccsl pieces,

derived paypules of the above mentioned ferri-argillens
are present below 20 om,

comron distinct ferric nodules, 20-3000 micron in
diameter, subrounded, with & low to high sphericity
and sharp boundaries in a random distribution patterng
sometimes they contain quartz grains,

common distinet, ortho-, aggro- and isotubules,
250-4000 micron in diemeter, in a random distribution
pattern,

distinct single matric fecal pellets, 30-70 micron
in diameter, in a clustered distribution pattern,
especially abundant in K3-1;

common welded matric fecal pellets, 30-100 micron in
diameter, in a clustered distribution pattern;
distinet single and welded fecal pellets {organic)
20-T0 micron in diameter, in a clustered distribution
pattern in decaying roots.

- fragments of fresh and decaying roots are common
in both slides;

- common coarse pieces of charcoal occur mainly in
the upper 10 cm with the largest quantity quite
near the soil surface; .

- EECh fine grained charcoal is present in Kz-1 and

3-’2 .

Deseription of thin section number 75077 (profile Ky, depth 0~-15 cm)

and pumber 75078

Bagic structure

Skeleton grains:

Plasma H

[

Voids

Special features

Plasma reorien-
tations :

Ferri-argillans:

(profile Ky, 15-3C cm).

mainly consisting of quartz with some micas and heavy
minerals; most skeleton grains have a low sphericity
and an angular to subrounded shape; they occur in

a random distribution pattern.

cons%sting of clay, organic matter and iron with an
agepic plasmic febric; the organic matter content
decreases with depth.

biogenetic including channels, vughs, interconnected
vughs and compound packing voids; some craze planes
also occur, '

skelsepic, glaesepic, channel vosepic and insepic in
& weskly stristed orientation.

faint to distinet ferri-argillans, 5~50 micron in
thickness, with e sharp to diffuse outer boundary
occur regularly in charcosal pieces;

distinct ferri-argillans, 5-100 micron in thickness,
with a sharp to diffuse outer boundary, cccuring from
g depth of 5 cm; the quantity between 15-30 cm ia
2.7% 1.3% of the soil material,



Matyans :

Ferrans and
neoferrans

Papules :

Neoferrans asnd
quasSie
ferrans :

Ferric nodules :

Padotubules H

Fecal pellets

Plant remnants :
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distinect matrans, 5-100 micron in thickness, with
a sharp to diffuse, irregular boundary, common in
charcoal pieces,

ferrans and neoferrans, 5-20 micron in thickness,
with a diffuse boundary are found in and on many
charcoal pieces.

derived papules on the above mentioned ferri-
argillans occur in & small gquantity.

few chennel neoferrans and quasiferrans, 5-30 micron
in thickness, with diffuse inner boundaries, in a
clustered distribution pattern.

common distinet ferric nodules, 20-4000 micron in
diameter, with sharp boundaries, in a random distri-
bution pattern; subrounded, with a low to high
sphericity;

few distinct ferric nodules, 20-1500 micron in dia-
meter, subrounded, with a low to high sphericity,
diffuse boundaries, in & clustered digtribution
pattern,

few distinet, ortho-, aggro- and isotubules, 300-3000
micron in diameter, in a random distribution pattern.

neny distinet single matrie fecal pellets, 30-50
micron in diameter, in a clustered distribution
pattern;

common faint welded matric fecal pellets, 30-80
micron in diameter, in a clustered distribution
pattern;

distinet single and welded organic fecal pellets
30-50 micron in dismeter, common in decaying roots.

- fragments of fresh and decaying roots are common;
- coarse charcoal is present mainly in the upper
10 cn in a random to banded distribution pattern;
fine grained charcosl is found throughout both
slides in a considersble quantity.

Description of thin section number 75075 {profile Kg, depth 0-15 cm)}
and number 75076 (profile Xg, 15-30 cm)

Bagic structure

Skeleton grains:

Flasma

Véids :

meinly consisting of quartz with some micas and heavy
minerals; most skeleton graing have a low sphericity
and an angular to subrounded shape; they occur in a
random distribution pattern.

consisting of clay, organic metter and iron with an
esepic plasmic fabric; the organic matter content
decreases with depth.

biogenetic including channels, vughs, interconnected
vughs and compound packing voids.



Special features

Flasma reorien=
tations

Ferri-argillans

Ferrans and
neoferrans snd
quasiferrans

Papules

Pedotubules

Ferric nodules

»

Fecal pellets

Flant remnants

-
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: skelsepic, glaesepic, channel vosepic and insepic

in & weakly stristed orientation.

distinet ferri-argillans, 10-100 micron in thickness,
with & sharp boundary, occur as traces in &
clustered diestribution pattern below 15 cm.

distinct ferrans and necferrans, 5~200 micron in
thickness, with diffuse and irregular boundaries

: are present in and on charcoal pieces;

common distinet channel neoferrans, 530 micron
in thicknees, with & diffuse inner boundary, in a
clustered distribution pattern, mainly in Kg~2;
few quasiferrans, 5-30 mieron in thickness, with
e diffuse inner boundary, in a random distribution
pattern, mainly in Kg~2.

derived papules of the above mentioned ferri-
argillens occur in a very small quantity.

common faint and distinet, ortho-~ and meta~-, aggro-
and isotubules (matric and orgenic), 400~-3000
micron in diameter, in a random distribution
rattern.

few distinet ferric nodules, 20-1500 micren in
diameter, subrounded, with a low to high sphericity,
and sharp boundaries in a random distribution
pattern;

common distinet ferric nodules, 20-100 micron in
diameter, subrounded, with a low to high sphericity,
and diffuse boundaries in a random distribution
rattem.,

: commn digtinet single matric fecal pellets, 30-80

micron in dismeter, in a clustered distribution
pettern, especially sbundent in Kg-1;

common Fgint welded fecal pellets, 30-100 miecron
in diameter, in a clustered distribution pattern;
common distinct single and welded orgenic fecal
pellets, 30-500 micron in diameter, in a clustered
distribution pattern.

~ common fragments of fresh and decaying rocots
mainly in Kg=1; '

~ very few coarse charcoal pieces but common fine
grained charcoal throughout the 0=-30 cm layer.

8, SHIFTING CULTIVATION AND PERMAXNENT AGRICULTURE

Shifting cultivation is an agricultural system with intermittent
land use, As & rule & short cultivation period alternstes with a
prolonged fallow period. During the fellow the original production
rotential of the ecosystem has to be restored. In permanent agriculture
the goil continually provides products which ere consumed elsewhere,
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To maintain this permanent production a new ecosystem should be formed

with the aid of various crops and cultivation methods. The results of

a soil fertility research can help to find out an adeguate soil use,

For this resson some remarks will be made with regard to the agricul-

tural use of the terrace soils.

From the viewpoint of physicel soil constitution the use of the
terrace soils needs special attention., Under forest a rather good
structure can exist but pore space in the top soil between 25 and 35 cm
may reach critical values for rootability even under these natural
conditions, Therefore these soils appear to be fragile if rooting possie-
bilities of crops after clearing are considered. The pressure of heavy
machinery on a moist soil will csuse serious compaction in the top soil
resulting in a limited root growth of crops, & low infiltration rate,
periodicelly waterlogging, an increased run-off and finally erosion of
the top soil. So it is extremely important to carry out mechanical
clearing in the right way. If this is neglected the agricultural poten=-
tial of the soil is lost for many years if not for ever. It is doubtful
whether the negative effects of compaction caen be removed by soil
tillage or the use of crops. VAN DER WEERT & LENSELINK (1973) who studied
the influence of mechanical clearing on soil properties and plant growth
thoroughly give valusble suggestions sbout adequate clearing methods:

1) "Clearing operations should be scheduled to rainfall end soil type.
Windrowing especially should be done only in the dry season.

2) The windrows should be spaced at & minimum distance, thus reducing
the nunber of passages and hence compaciion hazard and top soil
removel. For perennials the windrow spacing can be reduced to twice
the plantrow distance without seriously affecting the sccessibility
of the plantetion. In that cese all plantrows can profitebly be
situated near windrows because of the better soil structure and
nutrient status.

3) Burning should be prefersble take place before windrowing. According
to MARTIN (1970) the number of motor clock hours per unit area for
windrowing reduces significantly when burning takes place before
wirdrowing and when the windrows are spaced at & minimm distance.
Tt is thought that both the bettor vegetative crop growth and the
decresse in operational costs will certainly outweigh the increase
in costs for upkeep of the larger number of windrows."

Tt is self-evident that apart from clearing with heavy machinery
other clearing methos should be studied,

Fron a viewpoint of chemical soil fertility the terrace soils are
extremely poor. Especielly the availasble phosphorus content is very low
and yiel=-limiting., This means that without application of fertilizers
permanent agriculture will not be successful. However for an cconomical
use of fertilizers the soil should be able to store plant nutrients
temporarily. Now storage capacities depend to a high degree on the con-
tent of organic matter in the soil., In the case of fertilizing with
thosphorus BRAMS (1973) stated:

"It has been shown that where minimal amounts of inorganic P
are used in closely-supervised sites under sustained cultivation, the P
associated with organic matter (not necessarily the "organic phosphorus")
is relatively inconsequential compared to the contribution of inorganic
P from outgide sources. It should be carefully noted, however, that much
of the positive residual effects of applied inorganic P under sustained
eropping are also attributable to the beneficisl properties of organic
matter; for example, the high ion exchange cepscities of this material
as well as its chelating properties. These so0il perameters are of



- 93 -

singular importance to crop production in the leached soils of the
humid tropics where exchange capacities are low and P fixation at Al
and Fe sesquioxides can be serious yield-limiting factors in many
instances,"

As the organic carbon content of the terrace soils appears to be
rather low it is of specisl interest to maintain this organic ecarbon
content and if possible to increase it. Since the top soil of the
terrace soils has often a light texture organic metter is also important
for the water storage capacity. In case of a decreasing orgenic matter
content crops will suffer from drought more frequently.
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