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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.



- 17 =

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






