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PREFACE

The work presented in this report was carried out within the
context of the Atlantic 2Zone Programme, a multidisciplinary
research programme that started 1in Costa Rica with a diagnostic
study of the planning region Huetar Atlantica to identify,
amongst other things, important problems that beset agricultural
development of the region so as to enable the selection of
relevant development oriented research subjects.

The central theme of the Programme is sustained land use. A
study of the soils and their potential, and of possible effects
of land use on soil quallitles is therefore an important part of
the research.

The soils of the Atlantic Zone of Costa Rica have developed in

material of volcanic origin. Nevertheless, differences between
soil types may be large. In the region strongly weathered soils
are encountered. Such soils are often characterized by a weak

structure and pose problems when used for permanent agriculture.
The present study investigates the effects of different forms of
land use on the structure of strongly weathered soils in the
settlement project Neguev in the cantons Guacimo en Siquirres,
Limén Province. The field work was carried out in the period
September -November 1987. Analysis of the soil samples,
elaboration of the data and preparation of the report took place
in the Netherlands.

The report was presented in partial fulfillment of the
requirements for the degree 1in Soil Science of the Wageningen
Agricultural University.

The work was supervised by Dr. W.G. Wielemaker of the Programme.

Dr. Jan F. Wienk
Programme Coordinator



1 INTRODUCTION

This vreport is the result of the research done for my major
thesis on tropical soil science at the Agricultural University of
Wageningen.

The object of this research is the impact of landuse, immediately
after forestclearing, on soil structure.

The fieldwork has been done in  the months october and november
1986 on the asentamiento campesino ’Neguev’, a landrefarm praject
in the Atlantic Zone of Costa Rica., Fig. 1.1 shows the location
of this landreform project within Costa Rica; fig. 1.2 is a
topographic map of the ’'Neguev’ with the investigated sites.

The research is part of a large project of cooperation between
CATIE (Centrco Agrocnomicoa Tropical de Investigacion y de Ensefan-—
za), MAG (Ministeric de Agricultura y de Ganaderia), both in
Costa Rica, and the Agricultural University of Wageningen.

The general theme of research of the project is the problem of
fast spreading deforestation in the Atlantic Zone of Costa Rica
(Vleeshouwer and Wielemaker, 13986). In this project, baoth the
socio—economic and the political aspects of deforestation as the
physical ilpact on the environment will be studied.

To study the physical impact, several landuse systems will be
investigated and evaluated on their sustainability (Vleeshouwer
and Wielemaker, 1986€). This research on the impact of landuse on
soil structure totally fits in this theme of investigation. A
permanent agood soil  structure is an  essential condition for
sustained landuse (Swift, 1383). ‘

The survey area, the scuthwestern part of the 1landreform project
(fig. 1.2), 1is formed by old, strongly weathered lahars origina-
ting from the Vaolcdn Turrialba. The altitude of the survey area
ranges from about 30-60m above sealevel.

To reduce the variables only one soil type is chosen for this
research. The investigated soil series, series Germania (Cubero
and Acén Ho, 1981) is related to the flat top surface of the
lahars. The soils are deep, well drained, uniform yellowish brown
and clayey, stoneless, typic dystropepts (Soil Conservation
Service, 1975).

In recent years, the trcopical rainforest, the natural vegetation
of the survey area, is gradually cleared by the farmers and put
into pasture with mixed cropping as a farm yard culture. Like
everywhere in the Atlantic Zone maize is grown as an important
cash crop. The used level of management on the Neguev can be
considered as low.

In this research, the mentioned types of landuse; pasture, mixed
cropping and maize, will be compared with the natural situation,
tropical rainforest. The chosen sites have a mean of 3 years
after forest clearing.

Sz, as change of soil structure due to changed landuse can be
proved, this «change can be considered as very severe, because a
so fast acting detericration of the soil can make impossible
sustained landuse. And, as Swift and Sanchez (1984) pointed cut,
this has a particular impartance in the tropics, where the major
demand for increased and sustained efficiency in food producticon
exists.

Untill now, it is proved that removal of the natural vegetation,
especially tropical rainforest, can cause changes in the soil

1
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(Krebs et al., 1974; Sanchez, 1976; Allen, 1985). Found is alsac
that these changes, in connection with changed landuse cccur more
rapidly and intensively in the tropical region, especially on old
weathered soils (Allen, 1985).

Most part of the research to the impact of landuse after de-
forestation on the soil is caonsidering only one aspect. Very
much research is done oh changes in chemical properties or chan-
ges in bulk density. For detailed studies in the Atlantic zone of
Costa Fica is referred to Erebs et al. (13974); Werner (1984) and
Allen (19835), more in general: Sanchez (1976) and Swift (1385,
An integrated approach is still lacking.

Allen (19835) pointed cut in her study that an analysis to the
effects of defoarestation should include data on the physical,
bioclogical and chemical properties of scil, especially thase
related to soil structure, run off, infiltration and erocsion.

In this research, run aoff and erasion do not play a role of any
significance, because of the investigated sites are chosen on a
flat toplevel.

On the same scil series, infiltration and related scil properties
are studied by Spaans (1387).

In this research shall be concentrated on changes in soil struc-
ture and related biclagical, physical and chemical soil proper-
ties. !

This report can be considered as a mainly qualitative analysis,
because the lack of necessary materials, preparation and reliable
data do not support a reliable quantification of the results.
However, if possible, quantitative results will be mentioned.

But before any results are presented, chapter 2 will give a
description of the environment and the historical development of
the survey area. Chapter 3 deals with the methods used to make
passible to record the «change in soil structure and related
properties.

After this background information, the results are presented in
two chapters. Chapter 4 deals with the soil structure under the
four types of landuse, as described according field and micromor-—
phalogical observations., In chapter S follows the physical,
chemical and binlogical properties related with soil structure.
In the discussion, chapter 6, after the restrictions of this
research are indicated, the process of degradation of the scoil
will be treated, both purely concerning socil structure and con-
cerning the total agro-ecosystem. Last, some <classification
problems, related to the change of landuse will be mentioned.



2 ASENTAMIENTO CAMPESINO *NEGUEV’

2.1 location and history

The landreform project, where the field survey of this research
took place, has an area of about S000 ha. It is located in the
east of Costa Fica, between Siquirres and Guacimo, in the Frovin-
cia Limén. (Lat. 10°08’-10°17' N; Long. 83°23’'-83°36' E»

The survey area covers only an area of about 1000 ha in the
southwestern part of the asentamiento.

Before 31980 the whole area of the Neguev was large ownership
praperty and mainly under natural forest or charral.

Only the envirconment of Milano and Destierro was used as banana
plantation and for cattle grazing. However, no part of the ha-
cienda was ever been intensively used, mainly because of the low
productivity of the saoils.,

Around 13980, some communist 'precaristas’ possessed parts of land
on the Neguev. Then, the hacienda was rapidly sold to the ITCO?,
in these days the costarican landreform office.

The ITCO, now the IDAZ, went on with the implementation of the
infrastructure and the distribution of lots of 10-17 ha.

Buyers of the land were nat only traditional rural people, like
small farmers, plantation workers and landless people, but also
refugees fram Nicaragua and unemployed people from San José.
Because many of them are not originating from the Atlantic zone,
the IDA has started some extention programs on farm management.
This organisation dces alsa some research. Therefore, the tech-
nical staff aof the IDA has located some test plots with plant
nutrition and some grawing tests on the Neguev.

2.2 landscape

The steeply dissected landscape of the Neguev is formed by old
lahar remnants. These lahars are originating from the Volcan
Turrialba, situated SW of the survey area. The Turrialba is one
of the major valcances of the Central Cordillera of Costa Rica.
The slightly NE declining, almost flat surfaces of these lahars
form  the highest surface of the Neguev. This laharsur face is
heavily dissected by small meandering rivers, descending from the
same volcano., These rivers pass partly large swamp areas (= yo-—
liya) in the north eastern lower part of the Neguev. Further
discharge of water take place via the Rio Destierro and the Rio
Germania to the Rio Parismina. This river flows into the Carri-
bean Sea.

1 ITCO = Instituto de tierras y colonizacidn, San José;
Institute for land and colonisation.

2 IDA = Institutoc de Desarollo Agropecuario, San Jasé;
Institute for aaricultural development.
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2.3 geclogy

The total depoasit of lahar (Javanese for volcanic debris flow) in
the survey area, can be considered as a sequence of averlapping
tongues of variable length (Fisher and Schmincke, 1984). The
various lahar deposits are alternated with horizontal layers
vaolcanic ashes and tuffeocus material (Beks and van Olst, 1986;
Kroonenberag, pers.camm.). On the geclogical map of Costa Rica the
Jjust menticned deposits are indicated as RQuaternary Deposits
(Min. de I, E & M, 13982).

The lahar material, strongly weathered by time and climate, shows
hardly no evidence of fresh volcanic material in the upper first
meter. Kaolinite, Gibbsite and a low pH point at that strong
weathering.

In some sites, within 2 meters below the surface, ironcemented
tufflayers can be found.

2.4 climate

The only known temperature data of the Neguev are those from the
weatherstation El Carmen, situated just outside the area

(lat. 10°13'N, long. 83°239'E). The mean annual temperature is
24.7 °C with a minimum monthly temperature of 23.5 °C and a
maximum monthly temperature of 25.9 °C.

Fainfall data are known from the weatherstations of ASBANA® in
Gudpiles and Siquirres (Romero, 13984) and also from the weather-
station E1  Carmen. Figure 2.1 shows the monthly rainfall in mm
from Gudpiles and Siquirres (Romero, 1984). For the Neguev, the
mean annual rainfall of E1 Carmen is probably the most accurate
(see table 2.1).

Fig. 2.1 Mean monthly rainfall in mm, for the ASBANA weathersta-
tions GuApiles and Siquirres, both in the Atlantic Zone
of Costa Rica. The data of GuAdpiles are calculated over
a period aof 29 years (1954-1983) and the data of Si-
quirres over 13 years (1970-1983).

~ 5001 = Qufpiles
i 0
.I l = 8iquirres
(]
s 4004
-~
L
b4 [ ]
1]
3004
2004
1004
—F—F ® 1 ®M I I A B8 o0 ®
msonths
after Romero, 1984.
® ASBANA = Ascciacién Bananera Nacional; C.R.
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Table 2.1 Total mean annual rainfall in mm, for three weathersta-
tions in the Atlantic Zone of Costa Rica. The data of
Gudpiles are calculated over a pericd of 29 years
€1954-1983), the data of Siquirres over 13 years (1370-
1983) and the data of El Carmenh cover a unkncown periecd.

total mean annhual rainfall Cmm)

weatherstation

El Carmen 3746
Gudpiles 4390
Siquirres 3700

after Romero, 1984.

Like in the whaole Atlantic zone the rainfall is very high and a
relatively dry periocd (summer) of some weeks occurs between
february and april (fig. 2.1). In some years there is not such a
dry period. This happened in 1986.

Based on the system of Kdppen the climate can be classified as an
Af or tropical rainforest climate (Kippen and Geiger, 13954).
According Po the climatic data the soils in this area have a
perudic soil moisture regime and an isohyperthermic scil tempera-
ture regime (Soil Conservation Service, 1975).

2.5 deforestation and 1anduse

At the time the fieldwork tock place, end of 1986, besides the
swamps aonly S 4 of the mnatural vegetation, tropical rainforest
was left in the survey area. The main part of the other 395 % has
been cleared in the period since 198B0. Most of the remaining
natural veqgetation is known as charral, thinned out trcopical
rainforest. The trees with commercial value are cut down and some
wood is used for cwn use (timber— and firewocod). Compared to
natural rainforest, charral has some more scrub and less trees.
Nowadays the farmers are also clearing the charral.

By clearing hardly never burn methods are used. Most of the trees
will be cut down and only the leaves and useless branches will be
burnt. Not used wood is decayed in two or three years.

The largest part of the Neguev (70 %) is used as pasture. These
are extensively grazed by a small cattlestock (of each farmer).
The milk is used for own cheese production or is sold to mer-—
chants whao sell it in the region.

The most widespread grass species are zacote and stargrass.

Almost every farmer uses a part (2 1 ha) of his land for mixed
cropping. This landusesystem is a. very complex ane. Sanche:z
(1976) defines mived cropping as a landusesystem where two or
more crops  grow simultaneously with no distinct row arrangement
cn the same field per year.

Anhnual crops are combined with each other and with perennials.
Table 2.2 shows the cash and food crops used in the mixed craop-
ping systems in the survey area with their latin names.

In the Neguev the principal crops grown in mixed cropping systems



are plantain and cassava. Cacao and pejibaye are recently promo-
ted by the IDA.

Table 2.2 Crops used in the mixed cropping systems in  the survey
area. Local, english and latin names are indicated.

CYrop name lacal english latin
annuals frijoles beans
maiz maize Zea mays
fampi cocoyam, tania Colocasia spp.
tequisque taro Xantcosoma spp.
yuca cassava Manihot esculenta
perennials anon chinois Ahona spp.
banana banana Musa spp.
cacao cacac Thecbroma cacac
COCO COCQ
guanabana Ancgha maricata
pejibaye palm—fruit Palmae spp.
platanc plantain Musa spp.
Y S

Each farmer uses alsc some hectares of his land for growing cash
crops. At the moment maize is a cash crop of growing importance
in the Atlantic zone. The maize 1is harvested when the corn is
fullripened. The stems and leaves are not used. The .crop dis-
tinguishes itself from the other landusetypes because it does not
cover the soil the whale year. It is grown as a monoculture,
which is sown and harvested within one year. This should have a
totally other impact on the scil than the other three mentioned
landuse systems. Therefore this landuse is chosen as the fourth
type of landuse and because of its growing importance.

Because all four investigated types of landuse are very different
ta eachother, also the related (agralecosystems are.

In this research the degrading influence of the landuse is ex-
pressed as deqgree of opehness of the ecosystem.

The forest is considered as a very closed ecosystem. The nu-
trients are totally recycling, because no material is removed;
the physical detericration by weather influences (raindrops and
sunrayes) is negligible, because the plant caover is completely
closed and in the forest there is a large diversity of fauna and
flora.

At the other, most open, end of the ranking to degree of openness
of the ecosystem, the landuse type maize can be found. Its influ-
ence oh the ecosystem is already described above.

For the four types of landuse the ranking to increasing openness
follows from table 2.3. Considered are the aspects of the removal
of plant material, the degree of intermittence of the plant caver
and the diversity of plant species. The following ranking can be
observed: forest (very closed) — mixed cropping — pasture — maize
(very cpen ecosystem).



Table 2.3 Three ecological aspects of the landuse types forest,
mived cropping, pasture and maize.

1l anduse farest mi xed pasture maize
cropping

ecological aspects

r emoval of

plant material — - + ++
intermittence of

the plant caver — - + ++
diversity of

plant species ++ + - -

== = very low, - = loaw, + = high, ++ = very high

2.6 soils

The sites &f the investigated scils are chosen within one scil
series, the series Germania of the semi-detailed soil map of the
Negquev (Cubero & Acén Ho, 1981). The similarity in texture of
some investigated sites is shown in table 2.4. This limitation to
ohe soil series has been made to reduce the variables. Further
restrictions has been made by chaosing the sites only on the flat
toplevel of the lahars.

Table 2.4 Texture percentages of the topsoil (0-30 ca) and the subsoil (60-90 ca) of some profiles.

depth topsoil (0-30 ca) subsoil (60-90 ca)

profile NE6G 3 NEG 4 NEG 9 NEG 10 NEG 102 NEG 106 NE6G3 NEG 4 NEG 9 NEG 10 NEG 102 NEG 106

texture,l

sand 26 16 17 15 17 16 12 12 10 5 9 10
silt 2% 2 19 9 26 26 o) o] 16 36 22 19
clay 48 57 64 55 L) 58 63 63 1L 59 69 n

The Germania scil series are deep, porous, well drained, uniform
yellowish brown and clayey, stoneless and non-thixotropic scils.
According to the Scil Taxaonomy, they can be classified as Typic
Dystropepts (Scil Conservation Service, 1973). According to the
FAO/UNESCO, they can be «classified as Dystric Cambisols (FAO,
1387). )

During this research on soil degradation a detailed soil survey
was carried aut in the south western part of the Neguev (Beks %
Van 0Olst, 1986€).



2.7 soil fauna

The most numercus and perhaps the most striking representatives
of soil fauna in the Atlantic zone are the leaf cutter ants, Atta
cephalotes (Alvarado et al.,1981). The batallions of marching
ants, transporting leafs above their heads, are very impressive.
They rollent the leafs and cther plant material in subsoil cham-
bers to grow fungi. These fungi are their food.

Because of their high nest activity, the ants are effective scil
movers, transporting material from the AB and B horizons to the
sur face (Alvaradco et al.,1981). Alvarado also found, by comparing
active ant mounds with undisturbed soils, that leaf cutter ants
incorporate organic matter and aerate and restructure the scil
prafiles.

Although in Kenya and other tropical regions the termites are the
most important representives of the soil fauna (Wielemaker,
1984), their activity in the soil is of only small importance in
the Negquev.

The termites occur in small subterranean chambers, mounds were
not observed in the survey area.

The taltuZa or pocket gopher, Geomydae Orthogeomys, (Holdway de
Levenstein, 1384) is considered as a very severe problem by the
farmers in the Atlanti:c Zone. The taltuza, a herbivore, feeds on
the rocts of craps (fig. 2.2). The most suffering crops are bana-
na, plantain, cacao, coco, cocoyam, cassava and pejibaye.

The 28 cm large radent, with a subterraneocus 1lifestyle, makes
tunnels, mainly down to a depth of 85 cm below the surface. This
gallery netwark can stretchdd over an area of 250 m?.

Taltuzas are widespread over the Atlantic Zone, but often absent
in land used for grazing, because the cattle destruct their
tunnels (Holdway de Levenstein, 1984).

Fig. 2.2 The taltuza or pocket gopher.

As everywhere in the warld, fieldmice are present in the At!antic
Zone. They collect their food above ground. Their activity in the
soil is restricted to burrowing holes.

Dung beetles, Scarabaeidae (paracropids) (Brussaard, 1983),
burrcow 1 m or even deeper into the soil. The dung bgetles make
balls =f dung, which they transport through 1 «cm wide, almost

vertical shafts to théir nests in the subsoil. By transporting

9



the dung and burrcocwing the channels, they play a role in rewor-—
king the saoil.

Earthworm (lLumbricidae) activity is common in the Neguev. The
main activity of earthworms was restricted to the topscil. They
cantinually rework the soil. Not only by burrowing, but alsa by
passinhg the soil material through their intestinal tracts. This
is important for the incorporation of organic matter.

Many other soil fauna species can be found in the Neguev area.
They play an impoartant role in the so0il  ecosystems, but were
discriminated on their size in this research. Only the unconspi-
cious springtails (Collembola), the centipedes (Chilepaodal) and
the frightening Tarantula spiders (Araneida) can be mentioned.
The micromorphological observations showed mite (Acari) excre-
ments. These animals are known for their influence on humifica-
tion (Marinissen, 1986).

10



3 METHODS

3.1 study of profile sites

As already mentioned in chapter 2, all sites were chosen within
soil series Germania and equally spread over the four investiga-
ted landuse types. Figure 1.2 shows a map of the southwestern
part of the Neguev with a location of sites. Fourteen sites were
studied, four under the natural vegetation (tropical rain fo-
rest), four under mixed cropping, three under pasture and three
under maize. The forestclearing of the fields of the latter three
landuse systems took place within the last six years, with a mean
of three years. Table 3.1 shows the names and numbers, actual and
antericor landuse and the number of years after clearing of the
studied profile sites.

Table 2.1 Names and abbreviations of the studied profile sites,
their actual and anterior landuse and the nhumber of
years after clearing (mean: 3 years). All soils belong
ﬁo the Germania soil series (Cubero and Acdn Ho, 1981).

landuse years profile site
after

actual anterior clearing name abbreviaticon

forest forest - Neguev 3 NEG 3.
forest - Neguev 101A NEG 101A
farest - Neguev 101B NEG 101R
forest - Neguev 102 NEG 102

mixed cropping forest 6 Neguev <4 NEG 4
charral 3 Neguev 7 NEG 7
charral 2 Neguev 9 NEG 9
charral 4 Neguev 107 NEG 107

pasture charral 2 Neguev 8 NEG 8
charral ? Neguev 103 NEG 103
charral <4 Neguev 106 NEG 106

maize charral 4 Neguev 10 NEG 10
charral 3 Neguev 104 NEG 104
charral 2 Neguev 105 NEG 105

On each site, a pit was dug and profile descriptions were made.
The descriptions were made according to  the FAO-Guidelines (FAO,
1977, using the same terms. The soils were classi fied, based on
the Soil Taxanomy system (Scil Conservation Service, 1975) and an
the FAD/UNESCO legend (FAO, 1987).

Only the FAD grade-term structureless has got the addition parous
massive to divide from other structureless types. A structureless
parcous massive soil type is a lacse, porous scil. In this soil no
separate aggregates can be distinguished in the field. The de-
termination of type and abundancy of pores in such a structure-

11



less porous massive soil is almost impossible, since the porosity
is composed of very many irregular micropores. For both the
macrao— and the micromorphological  descriptions aof the type of
agagregates, the following definitions were used:

Crumb aggregates or crumbs are internal porcus to very porous
sphercids, build up of several weakly coalesced microaggregates.
The crumbs have irregular, rough, mammilated surfaces with nao
accomodation to the faces of the surrounding aggregates. They are
biwogene formed.

Granular aggregates or granules are internal dense to very dense
sphericds, build up of several straongly coalesced microaggre-
gates. The agranules have undulating to smocth surfaces, with no
or slight accomodation to the faces of the surrounding agare-
gates. They are mainly bicgene formed.

Not only pure soil structure descriptions of pores and aggregates
were made, but alsc the cutans, mottling and consistence were
described. The presence of cutans on aggregates was determined,
because cutans can point on a less stable topsoil. Mottling can
be a clear indication for structure degradation. Colour, size and
abundancy of the mottles were described. The consistence of
aggregates is an important measure for the degree of binding of
agar egates 'and so for the stability of structure. In this case
only the consistence when moist is given.

Based on the field descripticons a representative profile was
chasen for each landuse type. These proafiles were sampled for
physical and chemical analyses and micromorphological purposes.
Besides those representative profiles, some other profiles were
sampled for physical and chemical analyses and to support the
simultanecusly carried out soil survey. Table 3.2 gives a short
view of which profiles are sampled and for what purpose.

Table 3.2 Frofiles sampled for micromorphological, physical and
chemical analysis. The profiles NEG 7, NEG 8, NEG 101,
NEG 103, NEG 104, NEG 105 and NEG 107 are not sampled.

analysis ‘nicromarph, physical chemical

profile

NEG 3 - + +

NEG 4 - + +

NEG 9 + + +

NEG 10 + (+) +

NEG 102 + (+) +

NEG 106 + + +

- = nat sampled, (+) = sampled, but not determined, + = sampled

and determined.

3.2 micromorphological methods

To restrict the number of thin sections, one representatiye
profile of each landuse type was chosen to be sampled. Th1s
choice was made by comparing the field descriptions. The profiles

12



sampled for micromorphological research are shown in table 3.3,
together with the numbers and depth of the thin sections and the
type of landuse.

For sampling four tins of 8#%15%5 cm were used for each praofile.
They were inserted in the soil in a vertical direction, covering
the profile from O to 60 cm depth. The tins were taped and send
to the Netherlands by air. In  the micromorphological laboratary
of the AUW* the samples were impregnated with plastic. Of each
tin, two thin sections, thin (<30pm) slices of scil, of S%7 cm
were prepared (Jongerius and Heintzberger, 1975).

These thin sections (table 3.3) were described according to the
auidelines, proposed by Bullock et al. (13985) with the use of a
Leitz polarisation-microscope. The micromorphological descrip-
tions were restricted to the microstructure and some pedafea-
tures. The other in Bullock et al. (1983) mentioned subjects were
considered irrelevant for this research.

Table 3.2 Numbers of the thin sections, according to depth and
profile. Landuse type of concerned profile is also
aiven. (Numbering of the thin sections, according to
the system used by the micromorphological laboratory,
Department of Saoil Science & Geology, Agricultural
University, Wageningen).

landuse forest mixed cropping pasture maize
prafile NEG 102 NEG 9 NEG 106 NEG 10
depth C(zm)

0O -7.9 87.142 87.128 87.150 ¥
7.5-15 87.143 87.129 87.151 ¥

15 -22.5 87.144 87.130 87.152 87.136
22.5-30 87.145 87.131 87.153 87.137
30 -37.5 87.146 87.132 87.154 87.138
37.5-45 87.147 87.133 87.155 87.139
45 -52.5 87.148 87.134 87.156 87.140
52.5-60 87.149 87.13S 87.157 87.141

« = gample not present

Not all thin sections were described completely because the aim
of the research was only to compare the total view of the pro-
files with each other. Therefore it seemed not necessary to
describe the microstructure and pedofeatures of every thin sec-
tion, but only of relevant cnes. For microstructure, peds and
voids are described every other thin section. Pedofeatures like
textural, fabric and excremental features were consequentely
described of almost each thin section. If occurring, important
pedafeatures as amorphous (ferruginous mottles) and crystalline
(gibbsite) pedofeatures are described.

4 AUW = Agricultural University of Wageningen
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Because microstructure is very important for this research, it is
described to a very high detail. This needed a supplementation on
the guidelines of Bullwock et al. (1385).

The terminology of the size of the agagregates is therefore adjus-
ted to the terminology of aggregate sizes used for describing the
fieldstructure (FAO, 1977). The aggregates are divided into main
aroups, according to their sizes. These groups, decreasing in
size, are peds, micro-peds and micro—aggregates (table 3.4). The
micromorphological research will concentrate on the micro-peds.
An initial subdivision to size-classes was based on the class
divisions proposed by Bullock et al. (1985). This subdivision is
tested on usefullhness and appeared to be too detailed. Therefore
the used size classes are reduced. To make a comparison with the
fielddescription easier, the used terminology is adjusted to that
of the FAO-guidelines for aggregate size classes (table 3.4).

The same adapted size «classes and terminoclogy were used for the
descripticn of the voids and pedofeatures. In table 3.4 the used
classification and terminology for the micromarphological des-—
cripticons can be found.

Table 3.4 Termincleagy of size classes, used for the micromorpho-
logical description of aggregates and voids.
:

aggregates<« voids

granular, crumb (sub)angular blocky

size class k

< 200 pm micro micro micro-
200-1000 pm very fine very fine very fine
i- 2 mm fine very fine fine
2- S mm medium very fine medium
S- 10 mm coarse fine coarse
10- 20 mm very coarse medium very coarse
20- S0 mm %o coarse b oo
> SO mm b L4 very coarse *e

* = a division into main size groups of aggregates is: micro
agagregates <200 pm; micropeds 200 pm—-5 mm; peds >5 mm.
® = nhot observed

after FAO, 1977 and Bullock et al., 1985.

For describing the frequency of aggregates and voids and the
abundancy of the fabric and excremental pedofeatures the classes
proposed by Bullock et al. (1985) are fcollowed (table 3.5). For
the relative small amounts of textural and crystalline pedac-
features an other scale was needed. The scale of abundancy
classes proposed by Bullock et al  (1985), using the terms rare
and occasiconal, was suitable.

For all purpcses, the frequency was visual determined with the
aid of black & white estimation charts (Bullock et al, 1985 after
FitzPatrick, 1380).

To show the biclogical activity, a further subdivision of fabric
and excremental features to the degree of fragmentation was
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neccesary. Strong fragmentation of biogenic pedofeatures indicate
strong disturbance of the prafile by biclogical activity. A sub-
division to weakly, moderately and strongly fragmented was made.

Table 2.5 Terminalogy of classes, used for the description of the
frequency of agaregates and voids and for the abundancy
of fabric and excremental pedafeatures.

terminol agy

class
o - ©S% very few
S - 15% few
15 - 30% frequent
30 - S0% C OMmmon
50 - 70% dominant
70 —-1007 very dominant

Bullock et al., 139835.

3.3 physical methods

The profiles sampled for physical analysis are shown in table 3.6
together with the depth of sampling. The landuse type of the
praofiles is alsc given.

Table 3.6 Profiles sampled for physical analysis and aepth (cm)
of sampling. Landuse type of concerned profile is also

aiven.
horizon sur face compacted hor. subsoil
landuse prafile
forest NEG 3 S 10 5SS
NEG 102« S 15 45
mixed croppinag NEG 4 2 35 85
NEG 9 S 10 43
pasture NEG 106° S 23 S4
maize NEG 10= S 10 S0

bulk density values are not determined.
scil moisture content is not determined at higher pF-values.

The physical methods are used to obtain moisture retention curves
and bulk density and porosity values. Therefore the profiles were
sampled with haorizontal core samples. Following the profile
descripticons, these cores of 100 cm® were carefully inserted
close at the surface (2 S cm depth), in the expected compacted
horizan (¢ 20 cm  depth) and below that horizon, in the Bw (& 45
cm depth). At each depth, three undisturbed core samples were
taken to allow statistical procedures.

The -ore samples were analized at the MAG laboratory in Costa
Fica. To determine the scil moisture retention curves, the sam-—
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ples were Saturated and subjected to a constant hydraulic pres-—
sure at boves filled with sand. When hydraulic equilibrium is
reached, the scil moisture content is determined. This was done
for the pF-values 0, 1.7, 2.0 and 2.3. For the pF-value 2.7 naot
sand but a fine porous kaclinite plate was used. The higher pF-
values 3.0, 3.3, and 4.2 were measured on a pressure membrane
apparatus on small disturbed samples (Koorevaar and Dirksen,
1382).

By weighting the samples saturated and ovendry, the bulkdensity
and the porosity of the soil could be determined and the pF/7e ar
soil moisture retention curves could be drawn.

3.4 chemical methods

Table 3.2 shows the profiles sampled for chemical analysis. Of
these profiles, horizon samples of 1 kg were callected and kept
in plastic bags, according to recommendations of the Scil Survey
Marnual (Soil Survey Staff, 1951).

The chemical analysis of the samples were carried out partly on
the CATIE laboratory, partly on the MAG laboratory, both in Costa
Rica. '

The soil samples were air-dried, sieved and homogenized before
analyzing. The following analytical procedures were used:

s2il texture was determined by the hydrometer methad; corganic
matter (org.C = 58% % O.M.) by the Walkley-Black method; total N
by the K jeldahl method; the C/N ratio, determined as a quotient
of org.C (%) and taotal N (%); pH, pctentiometrically in Hz0 and
0.01M KC1; SpH, difference between pH in KCl and in water, as an
indicaticon of the net negative charge (Sanchez, 1976); exchange-
able cations (Ca**, Mg**, K* and Na*) with 1 N KCl; sum of ca-
tions is calculated as total of KC1 exchangeable bases; exchange-
able acid with KC1; E-CEC or effective cation exchange capacity
as the total sum of cations and the exchangeable acid; CEC or
total CEC, total extractable caticns by NH4O0Ac, pH =7; ES (sum of
cations), base saturation at scil pH, determined as quotient of
the sum of cations and the E-CEC; BS (pH =7), base saturation
determined as quotient of sum of cations and the total CEC; and
the nutrients P, S, Cu, Zn and Mn.

3.5 biological methods

To aobtain biological data, no standardized methods were used.
Most aof the features indicating bioclogical activity were already
integrated in the scil structure descriptions.

Descriptions of pores and particularly of nests and excrements
give a good view of the activity of scil fauna. For some profiles
these remnants of sail  fauna activity  were drawn on sheets. In
this way a more spatial picture of the biclogical activity could
be obtained.

In the micromorphological descriptions, the relations between
soil structure and biological activity were studied on a more
detailed level.

However, these macro— and micromorphological descripticons, made
on a fixed moment, do not tell much about the present activity of
each kind of scil animal. Therefore, during the time the field-
work toock place, each profile site was studied on presence and
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frequency of soil animals. This information together with the
information gathered by interviewing the farmers can give a good
picture of the present activity of each soil animal. For each
species, the activity in one site was compared with the cther
sites and -lassified. For classificaticon, the terms high, medium
and low biclagical activity and no signs of activity were used.

3.6 statistical methods

Statistical methods were used to determine significant differ-
ences between the physical and chemical data of the natural
situation, forest, and those of the other three landuse types.
The difference of means test or t-test seemed to be the most
approapriate.

The physical data could be adjusted to this test, because tripli-
cate samples were taken. But because a lack of number of repli-
cates, the difference of means test could not be carried cut for
the chemical data.

However, the correlations between the so0il chemical properties
and the landuse types (or agro-ecosystems) were evaluated by the
Spearman rank correlation test, since such a calculation was
based =n the number of observations and not necessarily on the
number of replicates.

To allow the Spearman test, the landuse types were ranked to
degree of openness of the ecosystem. Thus, in increasing order:

forest, mixed cropping, pasture and maize.
' \
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4 SOIL STRUCTURE

4.1 field ocbservations

The macromorphaological or field description aof each prafile can
be found in Appendix A.

In this section summarized descriptions are given for each land-
use type. To get a good view, the main characteristics aof all
observed profiles are expressed in table 4.1.

4.1.1 forest profiles
Frofiles: NES 3, NEG 101A, NEG 101iB, NEG 102.

The praofiles under forest vegetation have a high porosity and are
structureless porous massive. Some profiles show signs of compac-—
tiocn in the topscil. By these profiles, the upper 10 cm consist
of strongly developed, very fine aggregates of the types crumb
and subangular blocky.

Over the total depth, the profile has a friable to loose consis-
tence. No mottles and cutans can be found. Many very fine and
fine compound packing voids throughout give profiles with a high
porocsity. Striking are the differences in topsoil of the 101A
profile and the 1 m further lain 101B profile. Profile 101A has a
moderate anqular blocky surface horizon, whereas the profile 101E
is completely structureless porous massive. This difference is
very well explainable. Profile 101A is situated in a old wheel
track and profile 101K in the next lying ants’ nest.

4.1.2 mixed cropping profiles
Profiles: NEG 4, NEG 7, NEG 9, NEG 107.

These profiles under mixed cropping vegetation are generally
structureless porous massive, except for the upper 20 cm. These
topsoils consist of strongly developed very fine and fine sub-
angular blccks. However, the uppermost S cm, a mulch layer,
consists of strongly developed fine granules.

The consistence 1is friable in the topsoil, becoming loose in the
structureless part.

Between the prafiles, there is a rather big variation in topscil
structure. The topsoil in the profiles NEG 4 and NEG 7 is some-—
what more angqular blacky. The topsoils of the profiles NEG 939 and
NEG 107 have an important crumb fraction. Many very fine and fine
pores gives profiles with a high porosity.

No mottles or cutans are present in the profiles, except few red
fine mottles in the Aul horizon of NEG 4. The grass as toplayer
at profile NEG 4, compared with the mulch as toplayer at the
other profiles could be an explanation.
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4.1.3 pasture profiles
Frofiles: NEG 8, NEG 103, NEG 106.

By the profiles under pasture, the boundary between the struc-
tured topscil and the structureless porous massive subscil lies
at about 30 com depth. Above this boundary, in the topsoil, the
soil structure consists of blocky aggregates. In the uppermast 10
cm mainly moderately developed, fine angular blocks. In the 20 cm
below mainly very fine and fine subangular blocks with some
addition of crumbs.

The consistence of the angular blocks is firm. The structureless
part lower in the praofile is friable to very friable. Except for
the upper compacted 10 cm, the profiles are highly porous. In two
of the three profiles, the profiles NEG 8 and NEG 106, mottling
occurs in the first 10 cm. The mottling consists of many orange
and gray mottles. Patchy thin cutans of clay and iron only cccur
in the profile NEG 106. They are present on the walls of scme
channels in the AB harizon.

4.1.4 maize profiles
]
Profiles: NEG 10, NEG 104, NEG 10S.

The profiles under maize have a structured topsoil till a depth
of 30 cm. Below that depth, the soil is structureless porous
massive, except for the profile NEG 10. This profile becomes
structureless below 60 cm depth.

In the maize profiles, the structured topsoil consists of blocky
aggregates, as in the pasture profiles. The blocks consists of
mainly moderately develcoped very fine and fine subangular blocks
with an uppermost layer of strongly developed fine angular
blacks. This layer has a very firm consistence, the other part of
the topsoil is friable to firm. The structureless subsoil has a
very friable to loose consistence.

Mattling is present in the form of orange/red mottles in the dark
aray angular blocky horizon. Profile NEG 10 has a somewhat stron-
ger developed structure than the other profiles. The consistence
of the upper 60 cm varies from firm to extremely firm. In the A
besides angular blocks also platy structures are present. They
are averlain by thick continuous horizontal cutans of clay and
iron(hydr-)oxides. The same type of cutans, but broken and thin,
can be found to a depth of 60 cm along the channel walls.
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Table 4.1 The principal field characteristics of the topscil of
all investigated profiles.

Liogenic .. ....__ ohysicogenic,
X .,
)
o Q o Q
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o« = type of aggregates

P = size of aggregates

Yy = consistence

&= = present; - = not present

4.2 micromorphological observations

The micromorpholcgical descriptions of the investigated thin
sections can be found 1in Appendix B. Because these
descriptions are too detailed to get a good view of the whole
profile, the principal characteristics are summarized below and
expressed in histograms. These figures (4.1 and 4.2) give a rough
impression of the main type of aggregates and voids with depth,
based on the detailed descriptions.

The figures 4.1 a t/m d show type, frequency and size of the
aggregates by depth for each profile. In the figures 4.2 a t/m d
type and abundancy of the voids are given. In the same figures
the total porosity is expressed. The suffixes a t/m d of the
figures 4.1 and 4.2 indicate the profile. The forest profile is
indicated by a, the mixed cropping profile by b, the pasture
profile by ¢ and the maize profile by d.
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4.2.1 forest profile ""'H‘"fmh""‘“m@ '
L e catica dgricels
profile NEG 102 (fig. 4.1a & 4.2a) . 1y P.,/
~ICe LoDV

The soil mass consists mainly of fine mass, composed of clay with
very few mineral grains. The pedal scil microstructure in the
topsoil turns to slightly apedal at S0 cm depth. Strongly deve-
loped very porous crumbs and dense granules are the only types of
aggregates in the prafile.

The frequency of the crumbs increases slightly with depth from
common in  the topsoil to dominant in the subsoil. The granules
decrease from very dominant to common. Throughout the profile the
mean size of the crumbs is coarse and the mean size of the gra-
nules is fine (fig. 4.1a).

The total estimated porosity of the forest profile decreases
slightly with depth. The topsoil has a porosity of 537, whereas
the subscil has a porosity of 40%. The porosity is mainly com-
posed of inter—-aggregate voids. A very few intra-aggregate voids
can be found throughout the whole profile. The occurrence of
these voids is mainly restricted to dense granules (fig. 4.2a).

The main types of the inter-aggregate voids in this profile, the
compound packing voids and interconnected vughs, are located
between crumbs, granules and plant material. These voids, ranging
in size from micro to fine, are very dominant and have a random
distribution troughout the profile. These voids are irregular,
rough and not accommodated. The compound packing voids, occurring
in the topsoil, are totally interconnected and the intenconnected
vughs mainly present in the subsoil are partially interconnected.

Other types of observed inter—aggregate voids are channels,
chambers and vughs. The channels and chambers, frequent in the
topscil, very few in the subsoil, are partially interconnected.
The medium to coarse channels are subrounded, cylindrical and
smooth. Close to the surface they are strongly fragmented by
biological activity. This fragmentation decreases with depth.
Some infillings occur. The irregular and rough inter-aggregate
micro vughs cccur only in the subsoil.

Types of intra—aggregate voids, which are present in the forest
profile are vughs and channels. The size of the vughs is micro
and the channels are very fine. The amount of irregular and rough
vughs ranges from few in the topsoil to very few in the subsoil.
In the subscil the very few channels are smooth.

Very few trans—aggregate planar voids are also present in the
subsoil.

Passage features and excrement pedofeatures are present through-
out the whole profile. The aggregates consist for a very dominant
part of moderately coalesced excrement pedofeatures. The number
of passage features increases from very few in the topsoil to
dominant in the subsoil. In the same direction they change from
strongly to moderately fragmented. Occasionally gibbsitic featu-
res occur as infilling or coating in voids. Very rare intra-
pedal limpid clay nodules can be found. They originate probably
from weathered clay minerals. No ferruginous pedofeatures can de
found.
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4.2.2 mived cropping profile (NEG 9)(fig. 4.1b & 4.2b)

The soil mass consist of a fine mass, composed of clay. The pedal
sail microstructure in the topsoil changes into a vughy apedal
microstructure at 40 cm depth. Below S5 cm depth the soil is
again pedal.

Strongly developed ocrumbs and granules acccur in the whole pro-—
file. The presence of subangular blocks is restricted tao the
topscil. Porous fine crumbs are few at the surface, but increase
with depth to very dominant and very coarse at 40 cm depth. The
dense granules, coarse and dominant at the surface, decrease in
size and frequency to frequent and fine at 40 cm depth. At the
sur face the fine to medium subangular blocks occur frequent. In
the lowest part of the studied profile, very fine granules are
very dominant. Micro-aggregates are frequent (fig. 4.1b).

The total estimated porosity of the mixed cropping profile is
equal throughcout the whole profile. The porosity is S0%. This
porosity is mainly composed of inter-aggregate voids. A few
intra—-aggregate voids can be found throughout the whole profile
(fig 4.2b).

The main types of inter-—-aggregate voids, the compound packing
voids and the interconnected vughs, are located between the
crumbs, granules and subangular blocks. These voids are very
dominant and range in size from micro to coarse. They are irregu-
lar, rough and random distributed throughout the profile. In the
topscoil occur mainly compound packing voids, in the subsoil
mainly interconnected vughs. .

Other types of observed inter-aggregate voids are channels,
chambers, vughs and planar voids. The very fine and very few
channels and chambers are partially interconnected. Some infil-
lings cccur. Few irregular and rough inter-aggregate micro vughs
are only present in the subsoil.

The few intra-aggregate voids consist of micro vughs. These
unconnected irregular voids can be found throughout the whole
profile.

Micro planar voids, very few in frequency, occur as wel as inter-
as intra—-aggregate voids.

Fassage features and excrement pedofeatures are present through-
cut the whole profile. The latter are dominant in the topscil and
slightly decreasing with depth. They have a dense internal ageing
and are moderately coalesced.

The passage features, common and strongly fragmented in the
topscil, are also slightly increasing with depth, where they
become frequent and moderately fragmented.

Textural pedofeatures occur as rare intrapedal 1limpid clay no-
dules in the topsoil.

4,2.3 pasture profile
profile NEG 106 (fig. 4.1c & 4.2¢)
The scil mass consists mainly of a fine mass, composed of clay.

Only near the surface and in the lowest part of the profile, the
microstructure is pedal. Fram 1S5 to SO cm under the surface the

microstructure is apedal.
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In the topsaoil, very dense subangular blacks are the main type of
inter-aggregates. They are dominant, medium sized and partially
accomodated., Other types of aggregates in  the topscoil are very
few, strongly developed fine porous crumbs and and frequent
medium dense granules. In the subsoil only very fine crumb and
aranules are present. The crumbs are very dominant and the gra-
nules common (fig. 4.1:c),

The total estimated porcosity of the pasture profile increases
with depth. The porosity changes from 207 in  the topsoil to 40%
in the subscil., Close to the surface this porosity is composed of
even quantities of inter—aggregate and intra-aggregate voids.
Below that layer, up to S0 cm depth, only intra-aggregates cccur.
In the lowest part of the profile the voids are mainly of the
intra-aggregate type (fig. 4.2c).

The inter-aggregate voids in the topsoil are planar. These fre-
quently occuring micro voids separate the (sub)angular blaocks.
They are smacth, random distributed and totally interconnected.
The inter-aggregate voids of the subsoil are dominantly compound
packing voids. These voids, with a wide range of sizes, are
irregqular, rough, random distributed and interconnected. The
frequent cbserved very fine channels are the other type of inter-
agaregate voids in the subsocil. They have undulating walls, are
random distnibuted and are partially interconnected. Crumb infil-
lings occcur.

The types of cbserved intra-aggregate voids are vughs, channels
and chambers. At the surface vughs are common, but in the section
below, up to SO0 cm depth, vughs become very dominant. In the
lowest part only a few vughs are present. These vughs are micro
to very fine sized. They are irregular, rough and random distri-
buted. In the topsoil they are unconnected and in the lower part
they are partially interconnected.

Channels and chambers are very few in the profile, except in the
topscil, where frequent coarse channels can be found. In the rest
of the prafile micro and very fine channels are present. They are
smooth, random distributed and partially interconnected. The
channels and chambers cccur with infillings.

Excrement pedofeatures and passage features are present throug-
hout the whole prafile. The excrement pedofeatures are common and
strongly coalesced in the topscil and increase to be very domi-
nant and moaderately ccalesced in the subsoil. Passage features
are few and very weakly fragmented in the upper 15 cm. Below this
zone they are common and moderately fragmented. Besides the pas-
sage features, other fabric pedofeatures, bow-like features,
occur. Very few moderately fragmented bow-like features are
present near the surface.

The occurrence of rare intra-pedal limpid clay nodules and few
ferruginous mottles is restricted to the upper 30 cm of the
profile. Occasicnal scme fine charccal is present in the first

1S cm. .

4.2.4 maize profile
profile NEG 10 (fig. 4.1d & 4.2d)

Important! No thin sections are prepared of the upper 15 cm. This
sample was lost during transport.
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The z0il wadsSs consists of a fine mass, which is mainly composed
of clay. The layer from 15-25 cm depth and the lower part (50-60
cm) of the praofile have a pedal microstructure. The middle sec-—
tion, from 25-30 cm is apedal.

In the pedal topsoil moderately to strongly developed subangular
and angular blocks are present. The subangular blocks, (very)
fine and frequent, are partially accomodated and have undulating
sur faces. The dominant and coarse angular blocks are partially
accomadated and have smooth surfaces. They are compounded of
smaller micro-aggregates, which are only recognizable by their
darker colour.

In the subsoil crumbs and granules are the main types of aggre-
gates. Forous, strongly developed microcrumbs are dominant. They
are unaccomodated, rough and random distributed. The very dense
and strongly developed granules are frequent and very fine. Like
the microcrumbs they are also unaccomodated and random distri-
buted but have undulating surfaces (fig. 4.1d).

The total estimated porcsity of the maize profile is 157 at

15 cm below the surface. It increases with depth to about 507 in
the lower subsoil.

In the topsoil the porosity is composed of inter—aggregate planar
voids and a few intra-agagregate micro vughs and micro channels.
The daoaminant occuring very fine planar voids separate the (sub)-
angular blocks. These voids are randomly distributed, intercon-
nected and accomodated (fig. 4.2d).

In the apedal middle section of the profile very fine and micro
vughs are common. The vughs are irregular, rough, unconnected and
have a random distribution. Also very few coarse channels cccur.
These are cylindrical with smooth walls. :

In the lowest pedal layer, both inter— as intra-aggregate voids
are present. The inter-aggregate voids consist of few very fine
compound packing voids and frequent very fine channels and cham-
bers. As intra-aggregate voids, common both unconnected as inter-
conhected vughs occur. Few trans-aggregate voids micro planes are
alsoc observed.

Only the textural pedafeatures are present throughout the whole
prafile. They woccur as rare interpedal continuous dusty clay
ccatings in planar voids and channels. Only at 15 cm they are
cccasionally observed. Sometimes, particularly at 60 cm depth
discontinuous silt coatings occur. Dusty clay coatings are absent
there.

Frequent ferruginous features can be found between 15-30 cm. In
the upper part as mottles and in the lower part of the profile as
coatings in planar voids and channels.

The passage features and excrement pedofeatures are present in
the whole profile, but are very few above 30 cm depth. The weakly
fragmented passage features increase with depth to common in the
subscil. The excrement pedafeatures increase with depth to domi-
nant and very dense in the subsoil. In the topsoil they occur as
parous continucus infillings.



Fig. 4.1 Frequency with depth of the main types of aggregates of
a forest (a), a mixed cropping (b), a pasture (c) and a
maize (d) profile. The size of the aggregates is also

indicated.
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Fig. 4.2 Abundancy with depth of the main type ot voids of a
forest (a), a mixed cropping (b), a pasture (c) and a
maize (d) profile. The total estimated porosity is also
expressed.
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S SOIL PROPERTIES RELATED TO SOIL STRUCTURE

In this chapter the results will be given of observations on soil
properties more or less related to scil structure. The results
are divided intao three sections, namely physical (5.1), chemical
(5.2) and biological (5.3) soil properties. Not all measured
properties have a direct and clear relation to the sail struc-
ture. In thics study these soil properties were taken into account
Just to find relaticons between degradation of soil structure and
changes of the soil properties.

S.1 physical soil properties

Nt all the results of the physical analysis are as reliable as
could be wished. If possible the reliability of the given results
will be pointed out.

Table S.1 shows the mean volumetric water content (8) in percen-—
tages at different moisture tensions, expressed as pF-values. The
water content is given for the forest profile (NEG 3), the mixed
cropping prizfiles (NES 4 and NEG 9) and the pasture profile (NEG
106). Of each prafile three horizons were sampled. The standard
deviation (n=3) of each percentage is also given.

Because lack of bulkdencity data, the volumetric watercontents of
the maize profile (NEG 10) and a forest profile (NEG 102) could
not be determined. .

Table 5.1 Mean volumetric wvater content (0) in percentages at differeat moisture teasions, expressed as pf-
values and at three depths (cn) of the profiles NEG 3, NEG 4, NEG 9 and NEG 106. (S.D. = standard

deviation)
(n=3; S.D.= ,( § (X-x)t}))
a-1
pf"al“' 0 lo’ 2.0 203 207 300 3-7 ‘02

landuse profile depth(ca)

forest  NE6 3 ] 62 (2.4)* 58 (1.7) 54 (1.2) 51 (2,2) 50 (2.1) 44 (3.7) 43 (3.4) 41 (3.D)
10 62 (1,9) 52 (3.3) 47 (3.3) 47 (3.3) 45 (3.7) 32 (2.1) 31 (2.5) 30 (1.6)
3% 59 (2.4) 56 (1.6) 49 (2.4) 47 (0.9) 46 (0.3) 46 (0.8) 44 (0.8) 42 (0.5

nixed NEG 4 2 60 (1.6) 58 (1.3) 36 (1.3) 54 (1.4) 46 (1.9) 43 (1.7) 42 (1.7) 35 (1.4)
cropping 35 59 (L&) 57 (1.4) 52 (2.9) 49 (1.6) 43 (1.4) 42 (1.4) 39 (0.9) 36 (1.4)
85 55 (0.9) 53 (0.8) 351 (2.2) 48 (2.6) 43 (0.8) 41 (0.5) 38 (0.5) 32 (0.5)
NEG 9 5 57T (3.1 49 (2.5) 43 (1.2) 41 (0.9) 40 (1.2) -* 35 (0.5) 34 (0.8
10 60 (2.5) 48 (2.1) 42 (2.1) 39 (0.8) 38 (0.5) - 29 (L9 28 (LD
LX] 63 (1.3) 55 (2.2) 45 (2.2) 39 (2.2) 38 (2.9) 35 (0.5) 33 (0.5) 32 (0.5

pasture NEG 106 b} 63 (0.8) 60 (1.2) $6 (1.2) 54 (L.7) 83 (L) - - -

23 55 (3.4) 44 (0.5) 41 (2.4) 38 (1.9 35 (0.8) - -
54 59 (0.8) 50 (0.8) 44 (0.8) 40 (0,3) 39 (0)

® = (5.0.)
$ = not deternined
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Based on the data of table S.1 the scil water retention curves
wore drawn  (fig. S.1) for each sampled harizon. In this figqure
values of the volumetric water content of the surface harizons
are marked with a dot (), those of the ’'expected' compacted
layer with a cross (x) and those of the subscil with a circle
(=),

Comparing the three curves of each profile it seems that cnly the
soil moisture retention curves of the pasture profile (MEG 106D
zan be distinguished clearly from each other. The compacted layer
(at 23 cm depth) shows a more negative slope coefficient aver the
traject pF 0 - pF 2,7 than the subscil curve (54 cm). The curve
of the surface horizon is more parallel to the Y-ax, especially
over the pF 0 = pF 2.0 traject.

Striking is the abrupt change of the volumetric water content
between pF 2.7 and pF 3.0 in most of the curves. Probably this
bend of the curve is caused by the change of methods of analysis
(32.37. The volumetric moisture content at pF 0 (see table S.1) is
¢equal to the porosity @. This porosity, together with the bulk-
density at pF 0 is shown in table S.2.

Table S.2 Porosity (#) and bulk density (°£.) values at three
depths of the profiles NEG 3, NEG 4, NEG 9 and NEG 106€.
The porosity is equal to the volumetric water content
at pF 0. (S.D. = standard deviation)
(h=3; S.D. = ¥ { T (X=-x)=} ).

n-1

2 ®fe (g/cu)

landuse profile depth (cm)
forest NEG 3 S 62 (2.4)=~ 0.63 (0.05)
10 62 (1.9 0.61 (0.04)
35 S9 (2.4) 0.81 (0.01)
mixed NEG 4 2 €0 (1.6) 0.89 (0.04)
cropping 35 S99 (1.4) 0.92 (0.03)
85 S5 (0.9) 0.81 (0.01)
NEG 9 S S7 (3.7) 0.71 (0.01)
10 60 (2.5 0.63 (0.04)
43 63 (1.3 0.70 (0.01)
pasture NEG 106 S €63 (0.8) 0.86 (0.01)
23 SS 3.4 0.82 (0.04)
o994 959 (0.8) 0.79 (0.02)

= = (S.D.)

Comparing the bulkdensities of the compacted layer with the
bulkdensities of the surface horizon and the subscil, no clear
di fferences cccur (table S5.2).

Alsco exwpressed in porosity, the compacted layers do not show a
clear lower porosity compared with the other horizens.

Femarkable are the very low values of the bulkdensities. Far
these soils, nearly ultisols and without a clear resemblance with
andepts, normally bulkdensity values of more than 1.0 a/:w® can
be evpected, The reliability of the bulkdensity values and the
derived porosity values and scil moisture retention curves can be
severely doubted. Therefore the comparising between these curves
of the different profiles is of no use.
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5.2 chemical soil properties

The results of the chemical analysis are shawn in Appendix C.

T show changes in some major chemical properties of the soil the
Spearman rank correlation test was used. The results of these
tests are given in table 5.3 (topscil) and 5.4 (subscil). For the
topsail the weighted mean value of each soil property over the
upper 30 cm was taken. Most visible degradation tcocok place in the
upper 30 cm, s if related chemical degradation occurred it would
be in this layer. As reference the change in sail properties in
the subsoil is taken., Therefoare, per property the weighted mean
value oaver 60-30 cm was calculated.

Table 5.3 Weighted mean values of some principal chemical soil properties in the topsoil (0-30 cw).
Reliability of the Spearman rank correlation test is indicated.

landuse forest sixed cropping  pasture maize
[ oo reliability®

profile NE6 3  NEG 102 NEG 4 NEG 9  NEG 106 NEG 10

chenical

property

c 3 2 2 2 3 3 18 -

N (D) - 0.3 0.3 0.2 0.3 0.3 12 -

C/N - 8 14 12 10 9 18.5 - o
’“’“’0 4.0 ‘nl ‘o‘ ‘cl 403 303 2003 ) -
’".KCI 3.8 3.9 4.5 3. 3.9 4.7 12.5 =
E-CEC - 4.8 2.3 6.1 1.2 9.5 3.5 g (D)
CECpH 7 29 r 2 25 'y 2% 3 -
E-CEC/CEC - 0.20 0.11 0.24 0.26 0.36 3.5 g (4)
BS (eff) - % n Ve L) “ 3.5 g (4
BN - 3 8 17 12 3 0.5 8 (¢)
Ca exch 1.0 0.8 0.9 1.0 1.3 4.4 6.3 g (8
By exch 0.6 0.3 0.6 0.4 0.8 2.4 6.5 g (#)
K exch 0.2 0.2 0.2 0.2 0.9 1.9 4 338 (4)
P avail 7 8 6 6 8 30 19.5 -

«= ¢221 (i-s,)?, vith iz rank nuaber of the landuse type. These are ranked to increasing openess
of the ecosystea (forest-mixed cropping-pasture-saize). s,= rank nusber of the chemical property
value belonging to i. These are ranked to increasing value.

® = Reliability is expressed as follov: reliability < 801 -, mo correlation

reliability 80-901 8
reliability 90-951 88
reliability > 951 888

vz apositive sign indicates a larger value of the chemical soil property prior to an opener eco-

systea (positive correlation).
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Table 5.4 Weighted mean values of some principal chesical soil properties in the subsoil (60-90 ca).
Reliability of the Spearman rank correlation test is indicated.

landuse  forest sixed cropping  pasture saize

g2 reliability®
profile NEG 3  NEG 102 NEG 4 NEG 9  NEG 106 NEG 10

chenmical

property

C @ 0.9 0.5 1.5 0.4 0.4 0.3 £ -

N (D) - 0.07 0.11 0.09 0.08 0.10 1.5 -

C/N - 13 13 3 ) 3 5.5 -
pH-Ha0 3.3 4.3 4.7 4.3 3.8 4.6 44.5 -
pH-KCl 4.0 4.1 4.9 4.0 3.9 4.3 3.5 -
£-CEC - 3.4 1.3 4.2 4.9 4.6 1.5 -
CEC-pH7 4 22 1S 9 2% 23 2 -
€-CEC/CEC -, 0.15 0.09 0.14 0.19 0.20 8.5 -
e - 15 B B 15 6 ’ -
BB - 2 7 3 3 13 3.5 g (0~
Ca exch 1.0 0.1 0.4 0.5 0.3 0.7 k|| -

Mg exch 0.9 0.1 0.4 0.2 0.1 0.3 K ) - -
K exch 0.1 0 0.2 0.1 0.1 1.9 9 » g (¢)
Pavail 11 6 ) H] H] 12 R -

= g2 1 (i-s,)2, vith i= rank nusber of the landuse type. These are ranked to increasing openess
of the ecosystea (forest-mixed cropping-pasture-saize). s,= rank nusber of the chesical property
value belonging to i. These are ranked to increasing value.
® = Reliability is expressed as follow: reliability ¢ 80X =y no correlation
relisbility 80-901 8
T = apositive sign indicates a larger value of the chemical soil property prior to an opener eco-
systea (positive correlation).

The nulhypaothesis (Ho) by this test was: No correlation between
the chemical soil property and the openness of the ecosystem
(2.5). And the other, alternative hypothesis (H,) was : Existence
of a negative or positive correlation.

The landuse types were ranked to increasing degree of openness of
the ecosystem, namely forest — mixed cropping — pasture - maize.
Within each scil property the data were ranked to increasing
value. ) o
In the topscil a positive correlation appeared at a rellab§l1§y
or level of significance of 95% for exchangeable K, at a re}xabl—
lity of 90% for base saturation (pH 7), and at a reliability of
80% for effective CEC, exchangeable Ca, exchangeable Mg! base
saturation (effective) and the Effective CEC/CEC (pH 7) rgth..
In the subsoil a positive correlation appeared at a reliability
of 807 for exchangeable K and base saturation (pH 7.0).
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5.3 biological soil properties

As mentiocned in the chapter Methods (3.5), no special methaods
were carried cut to determine the biological influence on the
so0il structure.

Table 5.5 shows the estimated activity of the soil fauna species
and fig. 5.2 shows the drawings made of the biological activity
in some prafiles.

Table 5.5 Activity of soil fauna species, estimated for the described profiles. Profiles are grouped
to landuse types.

landuse forest sixed cropping pasture saize
profile NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
: 3 10t 102 4 7 9107 8 103 106 10 104 105
soil fauna

ieafcutter ant . MO on - + - - ¢ - - e =
teraite L= = - - - 4 - - & - -
taltuza - - ¢ O e ¢ - - -

aouse - - - T T ¢ - - - -

dung beetle ¢ - - EEE TR T | HOoH N ¢ - -
earthvora - - Y R - % W N 1)
spider - - % - = - - - ¢ = ¢ ¢+ - |

- no signs of activity; + lov activity; ¢+ medium activity; ¢+¢¢ high activity

The forest profiles show relative high activity of leaf cutter
ants. In profile NEG 101 even a displacement by the ants of 25
dm® scil per m2 per day was measured. By this enormous activity
of ants in the forest, the activities of other species became
almost negligible. Although, activity of other animals, espe-
cially of earthworms, taltuzas, dung beetles and spiders were re-
carded.

In the mixed cropping profiles the activity of the leaf cutter
ant was relatively low. Under this landuse type the taltuza had
the highest activity, also compared to the other landuse types.
Earthworms showed a relatively medium activity. A wide range of
soil animal species was present, with low activity.

In the pasture profiles, the dung beetle was the most remarkable
and active animal. Earthworms have a relative medium activity
under pasture. Many other soil animal species are also present
and all of them showed a low activity.

At the profiles under maize, no species with a high activity were
cbserved in the scil. Earthworms had a medium activity in these
profiles. Low activity occurred by taltuza, dung beetle and

spider.
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6 DISCUSSION

In this chapter first of all the restrictions belonging to this
research will be mentioned. In this chapter, the accuracy and
reliability of the results will be discussed. Next the degrada-
tion of the soil structure in relation with the type of landuse
will be described. Therefore, the structure of the soil under the
natural vegetation, fourest will be compared with the soil struc-
ture under mixed cropping, pasture and maize. In the last section
it is tried to explain the degradation of the soil structure in
relation with the total ecological changes.

6.1 restrictions

The principal restriction on this research is perhaps the quali-
tative way in which the results are presented. However, a quali-
tative research 1is not necessarily working restrictive. Often,
descriptions give a more complete and coherent picture of the
process taking place than loose figures. But in a sense, it is
restrictive because descriptions make the results difficult to
compare and so difficult to prove.

For this research it means that the estimations of size and
frequency, used to describe the scil structure and the biolegical
properties can only be compared within this research. Likewise
the porosities estimated at the micromorphological observations.
The only quantitative results, the physical and chemical data are
not used for the overall syntheses. The physical data appeared to
be useless and the chemical data of no interest for this re-
search.

As already mentioned in section 5.1, all physical results are not
very reliable, because of the unlikely 1low bulk density values.
Because the soil moisture retention curves and the porosity
values are derived of these bulk density values, they also are
not confident. As a substitution for these porosity values, the
micromorphological observations cam act. They can not be consi-
dered as absolute percentages and can only be compared within
this research.

The other quantitative results, which are not used in this dis-
cussion, are the chemical data. This time, there is no reason to
doubt the reliability of the data. The results of the Spearman
rank correlation tests (table 5.3 & S5.4) proved positive corre-
lations between some chemical scil properties and the sequence
forest - wmixed cropping - pasture - maize. In the topsonil (0O-
30czm) this positive correlation concerned the following chemical
soil properties: Ca exch., Mg exch., eff. CEC, eff. BS and the
eff. CEC/CEC (pH 7) ratio. For these soil properties no positive
carrelation was proved in the subsocil (60-90cm).

In the subsoil a positive correlation existed for K exch. and BS
(pH =7), which was strengthened in the topsoil. In most lite-
rature a leaching of nutrients and a decrease in CEC and BS after
clearing the forest is described (e.g. Allen, 1985; Swift, 1985;
Sanchez, 1976). So, the in this study cbserved increase in nu-
trients, CEC and BS can not be related to the removal of the
natural vegetation. This increase gave rise to suppose that
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nutrients are added, neutralizing the leaching effects. It is
highly probable that fertilizers are supplied to the mixed crop-
ping system and certainly to maize, a cash crop. The supply of
dung by cattle could have the same consequences for pasture
landuse.

6.2 soil structure degradation

To describe the process of scil degradation related to landuse,
comparison should take place with the begin situation. For this
discussion all compariscns of the soil structure shall be made
with the structure uder the natural vegetation, tropical rain-
forest (2.5). If porosity percentages are given, referred is to
the estimated porosities of fig. 4.2. At the end of this section
a second explanation of the distribution of pore sizes shall be
given, considering the porosity values of the physical analysis
(table S.2).

Accarding to the field descriptions (4.1.1), the forest soil is
uni form structureless porous massive with a friable to loose con-
sistence. The more detailed micromorphological descriptions show
the existenj;e of aggregates. The structureless soil appears to
consist of coarse very porous crumbs and fine dense granules
(fig. 4.1a).

The topsocil has a porosity of 95/ decreasing with depth but
remaining high“ (40%) in the subsoil (fig. 4.2a). The many very
fine voids, maily compound packing voids, gives the soil its high
parosity. The voids are totally interconnected in the tapscil and
partially in the subsocil. Besides the compound packing voids, the
porosity consists of other biocgenic voids as channels and vughs.
To a large depth, the forest soils show signs of high bioclogical
activity.

Not cnly the mentioned biogenic voids but also the large quan-
tities of passage and excrement pedofeatures point at that high
biclogical activity (4.2.1)The passage and excrement pedofeatures
are strongly fragmented in the topsoil and moderately fragmented
in the subsoil. That strong fragmentation point at higher or more
recent biological activity in the topsoil compared to the sub-
soil.

By comparing the scils horizontally, it appears that the subsoil
structure under forest is the same for the mixed cropping, pas-
ture and maize soils (fig. 4.1 & 4.2). The subsoil is structure-
less porous massive, very friable (4.1) and with a porosity of 40
- S0% (fig. 4.2), mainly consisting of biogen voids. Micromor-
phalogical observations show dominantly porous crumbs and common
very fine dense granules (fig. 4.1 and fig. 6.1).

Excrement pedofeatures are dominant and passage features are
common, both moderately fragmented (fig. 4.2)

Further comparison shows that the topsocils under the different
landuse types do not have the same structure as the forest soils,
s soil degradation seems to be restricted to  the upper part of
the profile. Table €.1 shows the main topscil characteristics for
the four types of landuse. Figure 6.2, photos of the thin sec-
tions, shows the micramorphological differences.
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Figq. €&.1 Sail microstructure of the subsail under forest (ad,
mixed cropping (b)), pasture (c) and maize (d).

Fig. 6.1a Subsoil forest profile (NEG 102; thin section nr.
87.149), \

Fig. 6.1b Subsoil mixed cropping profile (NEG 9; thin section nr.
87.135).
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Fig. 6.1c Subsoil pasture profile (NEG 106; thin section nr.
87.157),

Fig. 6.1d Subsoil maize profile (NE6 10; thin section nr.
87.141),
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Table 6.1 The main morpholeogical characteristics of the topsail
under forest, mixed cropping, pasture and maize.

biogepic physiccecnic

landuse

forest XXXXXXXXXXxXxxXxxxx

mixed cropping XXXXXXXXXXXXXXX

pasture XXXXXXXXXXXXXXXX

maize XXXXxxXxx X XXXXXX

Because of the compaction, the topsoil becomes less porous. If
looking at the estimated porosity values, only the mixed cropping
s2il shows a porosity (S0%4) equal to the forest soil porcosity
(353%). The topsoil porosity of the pasture soil is less than half
of it (20%) and prcobably even lower for the maize soil (15% on 15
cm depth)(fig. 4.2). The voids, in the forest and mixed cropping
soils yet mainly bicgenic are mainly physicogenic in the maize
scil (planar voids). The pasture soils show both type of voids
(fig. 4.2a).

The landuse type maize and in a less degree pasture have a com-
pacting influence on the void space. The impact of mixed cropping
on the voids can be compared to forest.

The transition of a structured toplayer to a structureless sub-
soil is absent in the forest topsoil. For the other soil types,
the transition is more obvious. It is located at about 20 cm
depth for the mixed cropping scils, at about 30 cm for the pas-
ture soils and at even deeper than 30 cm for the maize soils. If
looking at the structure one can see denser and sharper aggre-
gates according the same sequence. The main type, occurring in
the forest topsoil are coarse very porous crumbs, in the mixed
cropping soils coarse dense granules, in the pasture soils medium
dense subangular blocks and in the maize soil coarse very dense
angular blocks (fig 94.1a). Thus together with the increasing
openness of the ecosystem, the aggregates become more denser and
angular.

The compaction, which appears in the topsoil has also its influ-
ence on the flow of water. The water is stagnating in the compac-
ted layer and because arganic matter 1is present, reduction and
axidation processes take place. In the pasture and maize scoils,
orange and gray mottles are found in the upper 10 cm, indicating
pseudcgley. In the most compacted maize profile (NEG 10) even
coatings of ironoxides along channels and pedfaces are found, in
a greyish reduced topscoil. In the forest and mixed cropping
soils, no mottling is found. This is explainable, because no
compacticon occurred in these soils.
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O

Fig. 6.2 Soil microstructure of the topscil under forest (ad,
mixed cropping (b)), pasture (c) and maize (d).

Fig. 6.2a Topsoil forest profile (NEG 102; thin section nr.
87.142),

Fig. 6.2b Topsoil mixed cropping profile (NEG 9; thin section nr.
87.129).
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Fig. 6.2c Topsoil pasture profile (NEG 106; thin section nr.
87.150),

Fig. 6.2d Topsoil maize profile (NEG 10; thin section nr.
87.136).
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Textural pedofeatures, particularly clay coatings, are found in
bath the pasture as the maize profile. In the pasture profile the
coatings are  just patchy and thin, aleong the channels and ped
faces, but in the maize soils they occur alsco as thick continucus
horizantal coatings. In the forest and mixed cropping sails no
tevxtural pedofeatures were found (4.2). Because the time after
forest clearing is  just 3 years for both the pasture and the
maize soils, the transport of clay should be recent. In Surinam,
Ketelaars (1975) and de Boer (1972) both cobserved a recent trans-
port of clay after forest clearing., De Boer (13972) gives as a
cause for this translocation of clay that it might be an indirect
consequence of the slash  and buring of the natural vegetation.
Mobilisatiaon of clay, preceding the clay transport can be aorigi-
nated by mechanical and chemical causes. A mechanical cause can
be the impact of raindrops on a dry soil. The increase in pH as
a result of enrichment of the scil by ash, can be a chemical
cause (Ketelaars, 19375, after de Boer, 1972). In the Neguev, the
impact of raindrops on the soil, seen the high rainfall intensi-
ties, is very likely a cause. Especially the often uncovered soil
of the maiz landuse system is sensitive. The mobilisation of clay
by burning can be excluded as a cause, because burning methads
are hardly ysed. Ferhaps the enrichment of the soil by fertili-
z2ing can cause clay mobilisation, although an increase in pH is
not proven (5.2).

Compared to the forest soils, the aother soils diminish in excre-
ment pedofeatures, according the sequence mixed cropping-pasture-
maize soils. The amount and degree of development of the passage
features alsoc decrease till very few and weakly developed in the

maize profile (4.2)., Both indicate a diminishing bioclogical
activity.

Summarizing it can be concluded that the compaction of the soil
structure increases according to the sequence forest (no degrada-
tion)-mixed cropping- pasture-maize (strong degradation), thus
according the increasing copenness of the ecosystem. For the mixed
cropping soils the degradation of the soil structure is only
visible by the increasing compaction of the aggregates. The
porosity and type of voids remains the same as under forest. The
biclogical activity is somewhat decreased.

Faor the soils under pasture not only the aggregates are compacted
to dense subangular blocks, but also the porosity is decreased by
compacticn. This compaction causes some staghating of water on
the topsoil. The biclegical activity is strongly decreased com-—
pared to the situation under forest. A small amocunt of <clay is
illuviated because of instability of the topsoil.

For the maize soils, the compaction is even stronger. The poro-
sity in the topsaoil is strongly reduced and the aggregates have
become very dense and angular, sometimes even platy. The vertical
flow of water is strongly stagnated in the topsoil. The biolagi-
cal activity in the soil 1is also strongly diminished. In the
maize soils also clay illuviation occurs, because of instability
of the topsail.,

So far, the conclusion if considered the estimated porosities.
But starting from the porosities, determined by physical analy-
sis, an other picture of the pore size distribution can be deve-
loped.

Coﬁparison of the different types of landuse shows a high top-
and subsoil porosity (60%Z, table S.2) for both forest, mixed
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cropping and pasture. The porosity for maize is not determined in
with physical methods.

Because the aggregates in the taopsoil become denser, according
the sequence forest - mixed cropping — pasture, a sustained high
total porosity is only explainable considering the inter-aggre-
gate voids. These voids have to become coarser to maintain a
parosity of 60%. So, the pore size distribution has to change
from relatively many fine and few coarse voids in forest topsoils
to few fine and many coarse voids in pasture topscils.
Considering the estimated porosities (fig. 4.2), there should not
necessarily be such a strong increase in coarse voids.

6.3 synthesis

In this last section of the discussion a draft will be given of
how the soil structure changes under the different landuse types
and by what factors this change is influenced. Therefore, not
only the results of this research are used, but also some non-
proven hypotheses. Further research is needed to support this
synthesis.

]
The cause of the very locse porous soils under forest is probably
the soil animal with the highest soil biological activity in the
forest, the leaf cutter ant (Atta cephalotes) (table 5.5). Con-
tinually, they transport fresh soil material from the B-horizon
to the surface, disturbing the profile highly (2.7). Moreover,
the ante fill subsail chambers with plant material on which they
grow fungi. By doing so, the ants do not only rework the soil but
alsa incarporate organic matter in the profile. The whole soil is
shi fted into stable microaggregates, which slightly conglomerate
to very porous crumbs.
Probably, these microaggregates thanks their stability to the
influence of the organic matter and the fungi. Maybe the funai
give the microaggregates a repellent coating, which prevent
further aggregaticn.
To preserve the important influence of ants on the soil struc-
ture, their requirements on the environment should be satisfied.
An important requirement is the presence of certain trees, needed
for the plant material to grow fungi. These trees are perhaps not
present in the mixed cropping system, because ants have only a
low activity in the mixed cropping soils (table 5.5). Also the
use of fungi-killing CuSO4, a widespread remedy in the banana
cultivation can have disminuished the number of leaf cutter ants.
In the mixed cropping system, the important role of the ant in
the forest is taken over by the taltuza or pocket gopher. This
rodent prefers the mixed cropping system because of the fruit
trees. The roots of these trees are his food (2.7). By burrowing
subterraneous tunnels, this animal disturbes the soil completely.
Material from the subscil is transported to the topsoil, but the
taltuza has no influence on the incorporatiﬂb of organic matter.
The s=il is still 1lccose and porous, but in the topsoil part of
the microaggregates stuck together to dense granules. Probably
because of the high disturbance of the soil still crumbs and
lcose microaggregates occur in  the topsoil. Together with the
mulching, the sail remains highly porous.
In the pasture profile both ants and taltuzas are almost absent,
because of lack on focd sources. Besides, the taltuza avoids
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pasture, because the cattle destruct their tunnels (2.7). Tramp-
ling the tapzoil by cattle is aoften menticned as a principal
cause of the degradation of the soil structure. On the investi-
gated soil series, alsa the low disturbance by the soil fauna
plays a role. The principal animal in these pasture scils, the
dungbestles, rework the soils on a low level compared to the ants
and taltuzas. Together with the earthworms, which have an acti-
vity restricted to the topsoil, they burrow vertical shafts, nhot
transparting much sail  material. These channels facilitate the
flow of water through the compacted toplayer. But because the
beetles and worms do not transport much fine structured material
to the subangular topscil, this horizon remains compacted.
In the profiles under maize, all soil animals have a low activi-
ty. The monocculture of maize makes the life circumstances uncom-—
fortable for all main soil fauna species. The ants lack their
leafs, the taltuzas their roots and the beetles the dung. More-
cover, part of the year the topsoil 1is exposed to sunrays and
heavy rainfall. This has both a direct degrading effect (impact
of raindrops) as an indirect degrading effect (rise of soil
temperature). The scil structure becomes less stable. Because of
all these influences on the soil structure, the original struc-
ture of stable microcaggregates coalesceto very dense coarse
angular bla'ks. This compacted layer stagnates the flow of water.:
This makes the structure only more instable. Because there are
almast no deep burrawing animals in the maize soils, fresh loose
subsail material 1is hardly added on the topsoil, so degradation
goes on.

\
As we search for sustained landuse, an permanent good soil struc-
ture is an essential condition. All three types of landuse inves-
tigated, have a more or less degrading influence on the soil
structure. For the Germania soil series on the Neguev, the mixed
cropping system appears to be the most suitable type of sustained
landuse. The compaction is minimal and there is a continuous pro-
cess of supply of loose stable subsoil material by the taltuza.
The mulching pravides, by incarporating of organic matter, also a
stable and loose topsail. But still remains a big problem, before
recommending the mixed cropping system for sustained landuse. The
farmers do not like the fruittree harming taltuza and use all
their posibilities to destroy the taltuzas as a plague (Holdway
de Levenstein, 1984).
Maize and pasture are not suitable as types of sustained landuse.
Both hardly have any supply of subsoil aggregates and incorpora-
tion of organic matter. Besides, both are also compacted by
external forces. Perhaps the silvopastoril system (CATIE, 19835)
could be a solution for the pasture. This system, traditional in
Costa Rica, uses hedges to enclose the pasture, shaping small fo-
rest ecosystems within the pasture. The soil biclogical activity
will increase and with a good choice of tree species, the ants
will return.
For the maize, perhaps the only solution is the use of an inter-
cropping system. In that way the soil remains covered the whole
year and the soil becomes richer on soil fauna species.
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6.4 soil classification problems

While classifying the analyzed profiles according the Soil Taxo-
nomy-system (Soil Conservation Service,1975), it appeared that

not all soils could be classified as Typic Dystropepts
(table 6.2).

Table 6.2 Classification according Soil Taxonomy (Soil Conserva-
tion Service, 1975) of the analysed profiles.

landuse profile classification
forest NEG 3 Typic Humitropept*
NEG 102 Typic Dystropept
mixed cropping NEG 4 Typic Dystropept
NEG 9 Typic Dystropept
pasture NEG 106 Typic Dystropept
maize NEG 10 Ultic Tropudalf

¥ = BS is not determined. Compared to the other profiles, a low
BS is most likely.

One forest profile is classified as Typic Humitropept, because of
its higher organic T content. Statistically this difference is
prabably not provable (see table 5.3 and S5.4) but the classifica-
tion system draws inflexible 1lines and separates the same scil
into two different Great Groups.

Comparison of the classification of the maize profile (NEG 10D
with the other prafiles shows a major change. The maize profile
has to be classified as Ultic Tropudalf, thus a change in Order
cccurs. The classification as Ultic Tropudalf is based on the
presence of clay illuviation and a higher base saturation. Both
characteristics are mentioned respectively in the sections 6.1
and 6.2, as the results of change in landuse.

If the change in landuse causes a change in Order, so fast after
forest clearing (table 3.1), severe considerations should be made
on the usefullhness of this classification system for soils so
sensitive for deteriocration.
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