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Abstract

Soil Macrofauna especially insects have been recognized as being
an important factor in regulating soil processes and thereby the soil
profile development. The influence of earthworms is well docu-
mented and it is the dominant member of the soil macrofauna influ-
encing the soil formation processes in the temperate zone. In the
tropics, termites and ants play the major role in the nutrient recy-
cling and the movement and transportation of soil material. This
paper describes the influence of termites on the soil formation in the
tropical wet semi-deciduous forest in Ghana at the north coast of
the Gulf of Guinea. The termites form distinct soil horizons espe-
cially at the summits of the landscapes where gravel free soil hori-
zons are formed upon gravel rich horizons, and in some cases soil
heaps are formed after the decomposition of huge trees.
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Termites and ants have been recognized to play a very im-
portant role in the decaying of dead plant material and
thereby nutrient circulation (Wagner et al. 1991), but they
also play an important role in soil formation (Nye 1955,
Sands 1977, Lobry de Bruyn & Conacher 1990, Lobry de
Bruyn 1999). All over West Africa, termites play a signif-
icant role in forming the landscape and the soil. In the sa-
vannah region they build huge termite mounds, some of
these are several metres high. In some areas these mounds
dominate the landscape whilst in other places they are less
common. In the wet semi-deciduous forest, the termite
mounds are rare and if present they are very small, not
more than half a metre high. Observations in the wet
semi-deciduous forest reveals that the termites do not live
in mounds build exclusively of soil but live in dead
woods. Most fallen trees, pieces of logs, dead tree stumps
or twigs on the forest floor have termite and ant activity at
various stages.

The termites use the trees as food supply and at the
same time as a nest for raising new generations. They
make galleries in the dead wood connecting chambers for
breeding, and they plug the galleries and chambers with

soil in order to keep temperature and relative humidity at
an adequate level.

The termites consume roughly 20% by weight of the litter
fall and about 10% of the annual primary production in
the tropical wet forest of Ghana (Usher 1978), and they
are therefore very important agents in nutrient recycling
(Wagner et al. 1991; Wood and Sand 1978). Furthermore
the wood eating termites are important agents in moving
soil material from the deeper soil horizons to the dead
wood on the forest floor. When the wood has been eaten
and partly replaced with soil material by the termites, the
termites leave the place and the soil material is later in-
corporated in the topsoil.

The aim of this paper is to demonstrate the role of ter-
mites as soil forming agent in the tropical semi-deciduous
forest. This is done by describing soil profiles, and by
analysing soil samples from the soil profiles as well as soil
material deposited by termites in the logs, fallen branches
and twigs.
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The study site

The study site is a small forest of about 50 ha in the moist
semi-deciduous forest zone in Ghana at the University of
Ghana Agricultural Research Station, Kade (6° 05°N; 0°
05°W), Figure 1. The climate is humid tropical and the
average annual temperature is about 28 °C with a differ-
ence between the coldest and the warmest month on less
than 5°C. The rainfall pattern is bimodal and the average
annual rainfall is about 1400 mm (Wills 1962), mainly
falling from March to mid-July and from September to
November. There is a major drought period in December-
February where some of the trees lose their leaves. An-
nual potential evapotranspiration is about 1400 mm, and
the annual actual evapotranspiration is about 1200 mm
(Christensen and Awadzi 2000). The soil moisture regime
is udic and the soil temperature regime is isohyperthermic
(Van Wambeke 1982; Soil Survey Staff 1998).

The study site is a protected forest and the vegetation
type according to Lawson et al. (1970) is the Antiaris-
Chlorophora association. As the forest is protected no tree
cutting or sampling of fire wood have taken place for more
than half a century, and all fallen trees, logs and branches
are decayed by the soil macro and micro organisms. In the
forest studied three families of termites dominate the
macrofauna; the Kalotermitidae (Cryptotermes sp), the
Rhinotermiidae (Coptotermes intermedius, and Coptoter-
mes sp.), and termitidae (Microtermes subhyalinus).

The forest is located in a gently rolling part of the
Birim basin with soil parent materials being almost ex-
clusively Pre-Cambrian (Lower Birimian) rocks, pre-
dominantly phyllites, greywackes, schists and gneisses
(Adu 1992). It covers a gentle south and north-facing
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Figure 2: Position of soil types studied at the forest catena. The
soils are classified according to WRB.
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Figure 1: The agro-ecological zones in Ghana and the location of
Kade, the study area.

slope, meeting at the valley bottom where a tributary of
the Kadewa River, a small seasonal stream, drains the site.
Drainage is generally good on the uplands but becomes
poor down-slope towards the streambed.

The soils on the slope form one of the most typical cate-
nas in the moist semi-deciduous forest zone in Ghana,
which is the Bekwai/Nzima-Oda association of the Ghana-
ian soil classification system (Ahn 1970, Owusu-Bennoah
et al. 2000). Figure 2 shows the soil types according to
WRB (ISSS/ISRIC/FAO 1998) along the south-facing
slope. The soils at the upper part of the slope are Alumic and
Chromic Acrisols. They are red/brown, concretionary, acid,
well drained kaolinitic clay soils of sedentary origin formed
over Birimian rock with phyllite and intrusions of quartz as



the main constituents (Wills 1962). Saprolite and soft rock
are found at 150-200 cm depth.

At the middle slope the soils are slightly acid to very
acid, yellowish brown clay loams developed in colluvial
deposits. On the upper part of the middle slope the soils
are normally well drained, while the soils at the lower part
show gley features in shallow depth. According to the
WRB, the soils at the upper part are Haplic Lixisols while
the soils at the lower part are Gleyic Acrisols. At the val-
ley bottom the soils are imperfectly drained greyish clay
loams to sandy loams, which are flooded in the peak rainy
season, May to June. They are Eutric Gleysols according
to the WRB.

Fiels observations, sampling and analyses

Soil description and sampling

Soil profiles were exposed at four sites, three of them be-
low logs, branches or twigs and one in a soil heap left be-
hind the total decomposition and collaps of a big tree. The
three soil types below logs, branches and twigs were a
Chromic Acrisol representing the summit of the slope, a
Haplic Lixisol representing the middle slope and a Eutric
Gleysol representing the bottom of the slope. The soil pro-
files were briefly described using the FAO Guidelines for
soil profile description (FAO 1990), except the soil tex-
ture which was described according to the USDA texture
classification system (Soil Survey Staff 1998). Soil sam-
ples were taken from the logs and branches on the forest
floor by removing or scraping out the soil materials from
the galleries (log samples). Soil samples were also col-
lected from the various soil horizons below the logs. All
samples consisted of several subsamples collected within
a square meter.

The soil heap investigated was located in the transition
zone between the Chromic Acrisols and the Haplic Lix-
isols. It was about 1.5 metre high with a diametre of about
8 metres. The heap was excavated by digging a trench
through the heap and into the soil profile below. The pro-
file was described in the same way as the soil profiles be-
low the logs, branches and twigs and samples were taken
from various depths in the heap and in the soil below.

The soil samples were air dried and passed through a
2-mm sieve, and the content of gravel (>2 mm) by weight
was determined. Particle size distribution was determined
by sieving sand fractions and by using the hydrometer
method for determining the silt and clay fraction. Soil pH
was determined potentiometrically in 0.01 M CaCl, at a

soil-solution ratio of 1:2.5. Exchangeable cations were ex-
tracted with 1 M NH,OAc at pH 7. Calcium (Ca) and
magnesium (Mg) were determined by atomic absorption
spectrophotometry while potassium (K) was determined
by flame photometry. Exchangeable acidity (H* and A13F)
was extracted with 1 M KCI and determined by titration
with NaOH. Total carbon content was determined by dry
combustion using an Eltra CS500-apparatus. Total nitro-
gen (N) was determined by the Kjeldahl method. Total
phosphorus (P) was determined spectrophotometrically
by the molybdenum blue method using ascorbic acid as a
reductant after the soil samples were heated to 550 °C and
extracted with 6 M sulphuric acid.

Results and discussion

The field study shows that the impact of termite activity
on soil formation differs significantly whether the ter-
mites are operating in fallen logs, branches and twigs or
they are operating in big dead stems. In the first case they
develop a thin uniform top layer, while in the second case
they develop soil heaps in the landscape.

Soil formation below logs, branches and twigs
The impact of the termite activity on the soil formation can
be illustrated from the profile descriptions of the three in-
vestigated soils: Chromic Acrisol, Haplic Lixisol and Eu-
tric Gleysol and the analytical data given in table 1 and 2.
In the following soil profile descriptions of the three
profiles examined below logs, branches and twigs are
given. Depths are in cm.

Chromic Acrisol
Soil in logs
A(0-10)

dark yellowish brown (10YR4/4 moist) clay loam
: dark yellowish brown (10YR 3/4 moist) clay loam;
no gravel or no stones; clear and smooth
: dark yellowish brown (10YR 4/6 moist) clay; no
gravel mainly nodules of iron and manganese prob-

E (10-24)

ably from the bottom of the layer. Clear and abrupt

Btl (24-70)  : yellowish brown (10YR 5/6 moist) clay; more than

50% gravel mainly nodules of iron and manganese;
clear and smooth

:yellowish brown (10 YR 5/6 moist) clay with few

red (10R 4/8 moist) spots; about 50% gravel mainly

Bt2 (70 +)

nodules of iron and manganese
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Table 1: Texture from the Three soils investigated. The grain sizes are in um, the depths in cm.

Haplic Lixisol

Soil in logs

A(0-12)

El (12-28)

E2 (28-45)

Bt (45 +)

yellowish brown (10YR 5/4 moist) loam with few
darkgreyish parts.

: very dark brown (10YR 2/3 moist) loam, no gravel

or no stones; clear and smooth

: dark yellowish brown (10YR 4/6 moist) sandy clay

loam; no gravel and stones. Many humus coatings
and many root and ant holes, diffuse

: yellowish brown (10YR 5/4 moist) sandy clay

loam; no gravel and stones; few humus coatings;
many roots and ant holes; gradual

: yellowish brown (10YR 5/6 moist) clay with few

yellowish red (5YR 4/8 moist) spots; no gravel and
stones; few coatings and some root and ants holes

Eutric Gleysol

Soil in logs
A (0-8)

Cgl (8-42)

Cg2 (42-79)

Cg3 (69-96) :

light yellowish grey (2.5Y 6/2 moist) loam

: black (10YR 2/1 moist) sandy clay loam; no gravel

or no stones; clear and smooth

. light yellowish grey (2.5Y 6/2 moist) sandy clay

loam; very few fine angular quartz fragment; gradual

: light yellowish grey (2.5Y 6/2 wet) clay loam; com-

mon fine distinct yellowish brown mottles; abrupt
andwavy.

light olive grey (5Y 6/2 wet) clay; common medium
distinct yellowish brown mottles.

The soil material in the logs is deposited by termites. A
careful matching of the colour of the log soil samples
against the colour of the samples from the soil below in-
dicates that most of the soil transported up into the dead
wood is derived from the soil below the A-horizon. This is
especially clear for the Haplic Lixisol and the Eutric
Gleysol and is also supported from similar studies of a
Typic Paleudults (Alumic Acrisol) on the summit of the



Table 2: pH, total organic carbon, nitrogen and phosphorous, and exchangeable calcium, magnesium, potassium and acidity in the soil.

Depths in cm.
Soil types pH Total  Total Total Ca Mg K Exch acidity
Depths CaCl, C% N % P % cmol+/kg cmol+/kg cmol+/kg cmol+/kg
Chromic
Acrisol
Log soil 34 2.6 0.21 0.016 14 0.5 0.12 14.7
A0-10 3.7 2.5 0.21 0.019 1.8 1.0 0.09 8.2
E 10-24 3.7 1.0 0.08 0.013 0.9 0.5 0.05 10.8
Btl 24-52 3.7 0.8 0.09 0.010 0.9 0.6 0.05 12.7
Btl 55-65 39 0.8 0.08 0.011 1.0 1.8 0.05 12.7
Bt2 75-90 4.0 0.7 0.06 0.010 0.5 1.2 0.04 9.9
Haplic Lixisol
Log soil 7.6 2.1 0.26 0.013 12.1 1.6 0.39 0.5
A0-12 7.2 43 0.26 0.030 19.9 2.1 0.23 0.7
E115-25 6.7 1.1 0.17 0.014 59 1.0 0.11 0.3
E2 30-40 6.3 0.6 0.02 0.010 32 0.9 0.09 0.2
Bt 50-60 6.3 0.3 0.02 0.007 3.5 1.8 0.13 0.3
Eutric Gleysol
Log soil 6.0 1.5 0.13 0.011 3.1 1.6 0.17 0.4
A 0-8 59 2.6 0.24 0.018 12.0 4.0 0.15 <0.1
Cgl 8-42 59 0.2 0.03 0.009 32 2.7 0.04 <0.1
Cg2 42-69 59 0.1 nd 0.005 3.6 6.0 0.06 <0.1
Cg3 69-96 5.8 0.1 nd 0.005 4.5 9.1 0.06 <0.1

catena (Breuning-Madsen et al. 2005). The organic carbon
content of the log soils is somewhat higher than those
found in the soil below the A-horizon, which may proba-
bly be due to termite secretions and faecal materials used
to stick the earth together and also difficulties to get a
proper soil sample without mixing with some of the re-
maining wood. The texture of the log soil is almost the
same as for the soil below, and it can be concluded, as
found from similar texture studies of termite mounds (Nye
1955), that the termites do not prefer special grain sizes
but use the bulk soil. On the other hand, there is an upper
size limit above which the termites are not able to trans-
port single grains. This limit seems to be about 1000 pm
according to the texture analyses as there are no grains in
the log soil larger than 1000 um. A comparison of the clay
content of the stem soil samples with the soil samples be-
low shows that the clay content of the stem soil samples
fits very well with the clay contents from the upper half
metre of the soil below, but not so well with the clay con-
tents from the deeper horizons, where the clay content is
evidently higher. Thus it must be concluded that the ter-
mites mainly collect the soil material from subsoil layers
from a depth of 10 to 50 cm, even though it was noted dur-
ing the soil sampling that termites operated in deeper soil
layers.

The termites do not change the chemical composition
of the soil significantly. The pH of the log soils is rather
close to that found in the soil layers immediately below,
and as there are only small differences in the amount of
exchangeable bases and phosphorous contents between
the log soil and the soil below it can be concluded that the
transportation of soil to the surface by the termites does
not develop a very nutrient rich top layer.

As the termites are only able to transport soil particles
smaller than 2000 pum, the termite activity might form dis-
tinct soil layers in parent material rich in particle of gravel
size. The Acrisols at the summit (Figure 1) are character-
ized by a shallow concretion-free soil layer superimpos-
ing a distinct concretion layer with about 50% concre-
tions; see Chromic Acrisol, table 1. Most of these concre-
tions are made of iron and very little manganese accord-
ing to the colour, but also remnants from quartz veins in
the parent material is recognized although it only accounts
for less than 10% by weight. The concretion-free top layer
is about 20 cm thick in the Chromic Acrisols and is
formed by the termites. The depth of the top layer is de-
pendent on two factors; the rate of subsoil material trans-
ported to the surface by the termites and the rate of erosion
of the top layer by surface water run off, which by Chris-
tensen and Awadzi (2000) is estimated to be up to 15% of
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the precipitation. If the landuse of the forest is changed
e.g. wood picking is allowed or the forest is burned and
the area is turned into agriculture land the numbers of ter-
mites may drop because of lack of branches and logs.
Thereby the supply of subsoil material to the surface will
drop and the concretion-free layer will diminish in thick-
ness or completely disappear. This will especially happen
if the forest is removed because the soil erosion will in-
crease.

The upward movement of the fine earth will result in
arelative enrichment of the layers below with gravels and
concretions. This can be seen in many soils in the semi-
deciduous forest zone at the summit of the catena (Adu
1992), and it is clearly demonstrated in Christensen and
Awadzi (2000) where an Acrisol below the termite
formed soil layer, have the highest gravel content in the
top of the gravelly layer and it ceased with depth.

The formation of a soil horizon by transportation of
soil material from the subsoil to the surface can be con-
sidered as a reverse illuviation and the process should be
reflected in the soil profile description and in the soil clas-
sification. Where the termite formed horizon is distinct as
it will be at the summit in the landscape, Breuning-Mad-
sen et al. (2005) have suggested to use the suffix t for de-
scription of the gravel free layer if the genesis of the lay-
ers is an upward transportation of soil from the subsoil to
the dead logs, branches, twigs done by termites. Further-
more as the termite formed layer must be recognized as an
illuvial layer the soil layer must be a B-horizon if it is not
an A-horizon coloured by humus. Finally, it is proposed
to expand the Vermic properties in Soil Taxonomy and
WRB to include the process.

Soil formation in relation to big dead tree stems

The field survey in the forest revealed several big dead
stems more than 10 meter high; still standing but partly
filled with soil. When these stems have totally decom-

A: Dead tree invaded by termites.
B: Partly decomposed tree with a mound developing ot the base.
C: Tree completely disappears leaving mound.

Figure 3: Schematic drawing of the formation of soil heaps from
break down of big tree stems.

posed, the soil material formerly transported up into the
dead trees by the termites will be left behind forming
small soil heaps. A few soil heaps left behind the total de-
cay and collapse of big trees were recognized. These soil
heaps are isolated entities on a smooth gently sloping sur-
face. One of the big heaps was measured and contained al-
most 50m3 of soil or about 75 tonnes of soil.

Figure 3 shows schematically the development of a
soil heap due to termite activity. In situation 1 we have the
newly dead tree with only little termite activity filling up
the tree with soil. In situation 2 branches has fallen to the
ground, the termites have invaded them and used them as
food and nests. The wood has gone and a small heap
around the partly decomposed stem has developed. In sit-
uation 3 the tree has completely collapsed, the wood is de-
composed and only the soil is left behind as a heap low in
organic matter content. There are no signs of termite ac-
tivities in the heaps, like galleries or chambers as found in
the savannah termite mounds, because the termites have
left the trees before they collapsed forming the soil heaps.
Thus no termites have lived in the heaps.

In the heaps new soil profiles may develop differently
from the surrounding ones. Table 3 and 4 show the ana-
lytical results from a dome-formed termite soil heap with
a diameter at base of 7-8 metres, and a maximum height
of 1.60 metre. The hill was resting on gravel layer from a

Table 3: Texture (um) for different soil layers in a soil heap. Depths in cm
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Table 4: Colour, pH, total carbon, to-

Depths Colour moist pH T(:t c T(;t N Bulk den3$1ty tal nitrogen and bulk density from a
cm CaCl, /o /o kg/m soil heap.

A0-3 7.5YR 3/4, dark brown 6.2 3.73 0.45 nd

B 3-20 7.5YR 4/4, brown 58 1.26 0.17 1620
C 50-60 5YR 4/6, yellowish red 6.1 0.66 0.13 1510
C 90-100 5YR 4/6, yellowish red 6.8 0.32 nd 1710
C 140-150 5YR 4/6, yellowish red 7.0 0.25 nd 1580
2C 170-180 5YR 5/6, yellowish red 6.8 0.30 nd nd

Chromic Acrisol. The surrounding soils are intergrades
between Chromic Acrisols and Haplic Lixisols, having the
high pH characteristic for the Haplic Lixisol and the con-
cretion layer in shallow depth typical for the Chromic
Acrisol in this area. The soil heap looks uniform in texture
and colour except for the uppermost 20 cm, which were
affected by vigorous biological activity and humus for-
mation. As demonstrated from the results in table 3, the
termites do not transport gravel, and therefore the concre-
tion layer still exists below the heap. According to WRB
(1998), the soil developed on the heap is Eutric Cambisols
as no clay illuviation is recognized.

Conclusion

The study shows that termites play an important role in
soil formation in the Moist Semi-Deciduous Forest zone
in West Africa. They do not build spectacular mounds like
in the savannah region, but they live in the dead trees or
fallen logs, branches and twigs on the ground. They trans-
port a lot of subsoil material to the dead wood where they
paste it on the walls or plug old galleries. They operate in
acid and neutral soils as well as in well-drained and im-
perfectly drained soils. They do not prefer special grain
sizes but use the bulk soil. However there is an upper limit
for their transportation ability of about 1000 um. They do
not change the chemical composition of the soil material
significantly but they seem to increase the organic matter
content a little, probably by secretions and faecal material
when they paste the mud on the walls or plug the galleries
with mud. The turn over of the soil material may hinder or
blur a clay illuviation, and in gravely soils gravel-free soil
layers superimposing the gravely horizons may develop.
The concretion-free layer will normally be a thin cover,
less than 30 cm thick but in special cases where huge trees
are filled with mud, isolated soil heaps may develop after

the total collapse of the trees. In these heaps soil profiles
different from the surrounding ones may develop.
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