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ABSTRACT

Characteristics of termite mounds and associ-
ated Rhodic Acrisol and Haplic Acrisol in the
coastal savanna zone of Ghana and their impact
on hydraulic conductivity were assessed. The
texture of the mounds was sandy clay in con-
trast to the sandy clay loam of the surface soils.
Translocation of fine to medium sized soil mate-
rials influenced the relatively higher bulk density
(>1.60 Mg/m®) and contents of organic carbon,
nitrogen and exchangeable bases in the mounds.
Kaolinite was the dominant clay mineral with pH
values generally below 5.3 in all the soils re-
flecting the weathered tropical soil environment.
Dispersion ratio values, which were <0.40 for the
mound and >0.5 for the surface soils, indicated
greater stability of the mound due to aggregate
cementing action by the termites. Estimated
mound density was about 120 mounds per ha,
which tied in with known groundwater reserves
at the study sites. Majority of the mounds ex-
hibited a cone-shaped morphology with heights
varying between 3.05 - 4.00 m in the Rhodic Ac-
risol and 2.05 - 4.20 m in the Haplic Acrisol with
corresponding estimated total mass of 96,361 kg
and 54,910 kg per 1000 m? land area. These es-
timates represented a large amount of material
relative to the 25,000 - 26,000 kg of surface soil
material within the same unit area. The K, in the
surface soils ranged from 3.3 x 10™° to 5.0 x 10~
m/s while the value for the mound was <0.5 x
10~° m/s. Lower porosity, <40%, in the mound
coupled with the high bulk density and compact
morphology accounted for the reduced K.
Treatment of the 0 - 20 cm topsoil with mound
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material caused about 2 - 5 fold reduction in K;
the effect was more pronounced when the mound
was applied on the soil surface. Improvement in
water retention and nutrient availability to plants
and prevention of leaching to avoid groundwater
contamination are some of the positive attrib-
utes of this study.

Keywords: Aggregate Stability; Clay Mineralogy;
Dispersion Ratio; Hydraulic Conductivity; Mound
Morphology; Termite Mounds

1. INTRODUCTION

Soils of the semi-arid zones of the tropics often have a
low inherent fertility due to advanced stage of weather-
ing, leaching of soil nutrients and also rapid mineraliza-
tion of organic matter [1-5]. Consequently, crop produc-
tion without the addition of fertilizers leads to very low
yields. Agronomic research directed towards the deter-
mination of appropriate application rates of nutrient in-
puts for optimum yield has not addressed the low water
holding capacity, weak soil structure, and a high leaching
rate of applied agrochemicals such as fertilizers and pes-
ticides. Management strategies, which seek to increase
water holding capacity, improve soil structure and indeed,
reduce nutrient leaching, are therefore desirable. In a
previous study, Akomaning et al. [6] investigated the role
of plant residues, as an amendment, in reducing nitrate
and ammonium leaching in some Acrisols of the coastal
savanna zone of Ghana.

Generally, the high cost of chemical fertilizer remains
a major constraint for resource-poor farmers in many
parts of the tropics. Therefore, a search for economical
alternatives as sources of amendment materials, to im-
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prove soil productivity, is a desirable option. Termite
mounds constitute unique, but common micro-landforms
that are associated with soils in the savanna zones of the
tropics [7-11]. Studies on characterization of termite
mounds show that they are stable and resistant to erosion
[12-14], have a better productive capacity than their as-
sociated soils [15-18], are good indicators of groundwa-
ter and mineral reserves [19,20] and can be rebuilt into
stable microstructures [21,22].

As noted by Wood [23], termites are the most impor-
tant soil fauna of the semi-arid tropics yet they are gen-
erally regarded as pests. Although research on termites
has historically concentrated on pest management, some
studies on the physical and chemical properties of ter-
mite mounds indicate that these micro landforms are
important bioengineers [24-28]. In spite of recommenda-
tion for use of termite mounds for agronomic purposes
[13,29,30], application of these materials as amendment
to improve the productivity of low activity clay soils in
the savanna zones of the tropics, where they are domi-
nant, has received little attention [11,17,30-32]. Quanti-
tative data on density, volume and mass of mounds and
rate of regrowth are very scanty [11,14,22,33] notwith-
standing some useful information such as sources of
groundwater and mineral deposits that could be derived
from these measurements. The aim of this study was
therefore to 1) characterize some termite mounds and
their associated dominant soils in the coastal savanna
zone of Ghana and assess the effect of the mound mate-
rial on hydraulic conductivity and 2) provide information
of mound dimensions, mass of material and rate of re-
generation.

2. MATERIAL AND METHODS
2.1. Site Characteristics and Soils

The study site is located within the coastal savanna
zone of Ghana, which is part of the dominant ecosystem
of West Africa. Total annual rainfall is about 900 mm and
is bimodally distributed with mean monthly maxima in
May and October. Relative humidity ranges between 59%
in the afternoon and 93% at night with a mean annual
temperature of about 28°C. The vegetation is grassland
with substantial amounts of thickets and clumps. Quartz-
ite and quartzitic sandstones are the underlying geologi-
cal formations with evidence of fractures and groundwa-
ter reserves typical of the hydrogeology of the Togo
Structural Units of Ghana [34,35]. Many bore holes tap-
ping groundwater for use by the local community were
identified at the site.

Two major soils, Rhodic Acrisol (Toje series) and Hap-
lic Acrisol (Adenta series) located within in the coastal

savanna zone of Ghana were used in the study (Figure 1).

The Toje series occurs in upland positions, whereas the
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Adenta series occupies mid-slope sites. Termite mounds
with approximately conical geomorphological shape are
common micro landforms at the study site.

2.2. Field Investigations and Sampling

One modal profile and a nearby termite mound on
each of the two soil series were selected for characteriza-
tion and sampling (Figure 2). For each soil, a profile pit
was dug after which disturbed and undisturbed samples
were collected from each genetic horizon. Five represen-
tative samples were taken from each mound after the
surface had been carefully scrapped to get below the
crusted outer layers. The mound on the Rhodic Acrisol
(Toje series) was sampled from the summit at 0 - 80 cm,
80 - 160 cm, 160 - 240 cm, 240 - 320 cm and 320 - 400
cm intervals through a vertical section. Five samples
were collected from the mound on the Haplic Acrisol
(Adenta series) from the top at 0 - 30 cm, 30 - 60 cm, 60
-90 ¢cm, 90 - 120 cm and 120 - 165 cm intervals. Undis-
turbed samples were collected from each of the intervals
on the two mounds using core samplers (5 cm diameter,
5 cm height). Surface samples (0 - 20 cm depth) were
also collected at 5 m intervals along transects from the
base of the mound to the edge of the profile pits. For the
Rhodic Acrisol, six samples were collected whereas three
samples were obtained for the Haplic Acrisol because of
the shorter distance between the mound and the profile
pit. To estimate the total mass of the mound material, five
other conically-shaped mounds which occurred within an
area of 1000 m” on each soil series were included in the
investigation. For each of the mounds, ten core samples
were randomly sampled for bulk density determination.
Field data collected included vertical height and base
diameter of each mound. Measurements of newly formed
mounds, within the study area after destruction of the
original mounds, were taken to assess the rate of regen-
eration.

2.3. Laboratory Investigations

The disturbed soil samples were air dried and ground
gently to pass through a 2 mm sieve for analyses of se-
lected physical and chemical properties. Laboratory
analyses were carried out on the samples collected from
the termite mounds, modal profiles and transects. Physi-
cal properties determined included bulk density (on the
undisturbed soil cores) particle size distribution (sodium
hexametaphosphate and water dispersible, respectively),
soil pH in water and in 0.01 M CacCl, (1:2 soil:solution),
organic carbon, available phosphorus, exchangeable bases
and exchange acidity. The clod method [36] was em-
ployed for bulk density analysis while particle size dis-
tribution in calgon (c) was by the modified Bouyoucos
hydrometer [37] and repeated with water dispersion (w).
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exchangeable bases and exchange acidity. Mineralogical
composition of the clay fraction of selected samples
(from the termite mounds and the soil profiles) was ana-
lysed by x-ray diffraction (CuKa) at the Laboratory of
the Department of Mineralogy, Natural History Museum,
London, UK.

2.3.1. Hydraulic Conductivity

Hydraulic conductivity was determined on packed col-
umns of ground soil using the constant head method. A
filter paper disc was placed at the bottom of the cylinder
to prevent removal of the soil particles with the flowing
water. The soil was carefully packed in the cylinder (soil
column) to ensure uniformity and field bulk density and
was saturated with water overnight by capillary action. A
Mariotte bottle was used to maintain a constant head of
water over the soil sample. At equilibrium, the quantity
of water, Q (m”), that flowed out of the sample of length,
L (m), and cross-sectional area, 4 (m?), for the given hy-
draulic-head drop, Ak, was measured for the time elapsed,
t (s). The hydraulic conductivity, Ky was then measured
using Darcy’s equation as follows:

0/(4-1)=-K,(Ah/L) 1)

In two separate experiments, the mound material was
1) packed on top of the soil samples (in a 1:6, mound to
soil mass ratio) and 2) mixed with the soil in the same
ratio. Hydraulic conductivity was determined for each
system. The experiment for each treatment was done in
triplicates.

2.3.2. Calculation of Dispersion Ratio

Data from the particle size distribution were used to
calculate the dispersion ratio (DR) which served as an
index of aggregate stability and erodibility [41]. The DR
was calculated as:

DR = (%silt + %clay) / (esilt + Yclay ) @)

w c

where “w” is dispersion in water and “c” is dispersion in
Calgon (sodium hexametaphosphate).

2.3.3. Calculation of Total Mass of Mound and
Soil
If one assumed that the shape of the selected termite
mounds approximate to that of a cone, then the total
mass of the termite mound was estimated from Eqs.3
and 4. First a volume, ¥ (m’), of a cone was calculated
as:

v =1/3(nr *h) 3)
where 7 is the base radius (m) and # is the vertical height
(m) of an assumed cone-shaped mound. Subsequently,

the total mass, M, (kg), of the bulk mound material (or
soil) was calculated from Eq.4 as:

Copyright © 2012 SciRes.

M, =V*BD 4)

where V is the volume of mound as defined in Eq.3 and
BD is the average bulk density (Mg/m’) value of each
mound. The mass of bulk soil (M,) within the depth of 20
cm was calculated from Eq.5 as:

M_=BD*A*d (5)

where 4 = area (1000 m?) and d is depth (m) of sampling
of surface soils (0.20 m).

3. RESULTS AND DISCUSSION
3.1. Morphological Characteristics

The Rhodic Acrisol (Toje series) occurs in upland po-
sitions of the topography with slopes less than 1%. The
topsoil is dark reddish brown grading to red with depth.
The structure is granular at the surface, with friable con-
sistency; this changes to weak, fine subangular blocky
below the surface becoming moderate to strong suban-
gular blocky in the B-horizon and massive in the C-ho-
rizon. Soil consistency becomes firm at depths. Concre-
tions were not encountered within the profile examined.

The Haplic Acrisol (Adenta series) occurs extensively
on gentle middle slopes with site gradient of 1% - 2%. It
has a profile which consists of light yellowish brown
sandy clay loam topsoil with friable granular structure.
The subsoil changes to yellowish brown sandy clay with
subangular blocky structure and firm consistency and
grades into mottled sandy clay containing few or many
iron stone concretions and quartz gravel. Generally, the
Toje series developed from a sedentary parent material
show greater profile differentiation and relatively more
advanced stage of weathering than the mid slope Adenta
series, which formed from a colluvial material.

3.2. General Physical and Chemical
Properties

3.2.1. Particle Size Distribution and Bulk Density

Analytical data on selected physical properties are
given in Table 1. Particle size distribution using Calgon®
exhibited higher clay values but lower sand and silt val-
ues as compared to those using only water as the disper-
sion agent. The texture of the mound on the Rhodic Ac-
risol (Toje series) and the Haplic Acrisol (Adenta series)
is sandy clay. In the two modal soil profiles the texture
varies from sandy loam (Toje series) and sandy clay
loam (Adenta series) in the surface to sandy clay in the
subsurface of the two soils. Textural variations in the
surface soils along the transects are similar to the Ap and
Aul horizons in the respective modal profiles. The fairly
high amount of sand fraction in the soils is due to the
coarse nature of the parent material. Lateral migration of
finer material from upslope positions with subsequent
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Table 1. Analytical data of selected physical properties.
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Particle size distribution®

Horizon/sample Depth/height ~ BD' (Mg/m®) sand,, silt,, clay,, sand,. silt, clay, Texture DR’
Rhodic Acrisol (Toje series)
Profile (depth in cm)
Ap 0-6 1.24 86.2 11.5 2.3 75.4 18.1 7.4 SL 0.54
Aul 6-22 1.29 85.2 11.7 3.1 72.1 18.0 9.9 SL 0.53
Btl 22 -46 1.30 83.6 10.4 5.8 68.3 16.4 15.3 SL 0.51
Bt2 46 -77 1.35 83.3 10.4 6.3 61.2 12.2 26.6 SCL 0.43
Bt3 77-120 1.40 81.8 11.5 6.7 54.5 19.5 26.0 SC 0.41
BC 120 - 160 1.36 80.9 11.9 7.2 49.8 11.4 38.8 SC 0.38
Cl 160 - 196" 1.42 83.0 9.4 7.6 453 11.1 43.6 SC 0.31
Mound (height in cm from top)
T-M1 0-80 1.62 81.8 11.1 7.1 52.1 9.2 38.7 SC 0.38
T-M2 80 - 160 1.72 80.5 12.5 7.0 49.0 8.7 423 SC 0.38
T-M3 160 - 240 1.71 80.6 12.1 7.3 522 9.1 38.7 SC 0.41
T-M4 240 -320 1.63 82.7 10.5 6.8 52.8 9.1 38.1 SC 0.37
T-M5 320 - 400 1.60 81.6 11.2 7.2
Transect (distance in m)
T-T1 5 1.22 80.7 17.0 23 64.9 42 309 SL 0.55
T-T2 15 1.21 78.1 18.8 3.1 59.7 5.4 349 SL 0.54
T-T3 20 1.20 79.1 18.8 2.1 63.7 5.7 30.6 SL 0.56
T-T4 25 1.32 80.8 16.8 2.4 63.8 53 30.9 SL 0.53
T-T5 30 1.26 80.0 17.5 2.5 63.0 52 31.8 SL 0.54
T-T6 35 1.23 80.8 16.9 2.3 64.4 5.0 30.6 SL 0.54
Haplic Acrisol (Adenta series)
Profile (depth in cm)
Ap 0-15 1.31 81.0 16.6 2.4 64.8 9.4 25.8 SCL 0.54
Aul 15-27 1.42 79.1 18.1 2.8 61.2 11.4 274 SCL 0.54
BA 27-42 1.59 78.7 18.2 3.1 58.3 8.5 332 SCL 0.51
Btl 42 -60 1.61 76.7 20.0 33 51.4 11.2 37.4 SC 0.48
Btc2 60 - 90 1.71 81.2 14.7 4.1 49.3 9.9 40.8 SC 0.37
Btc3 90-120 1.73 82.1 13.6 43 48.9 7.5 36.6 SC 0.35
BC 120 - 150° 1.74 82.8 12.4 4.8 46.2 9.1 44.7 SC 0.32
Mound (height in cm from top)
A-M1 0-30 1.69 80.6 12.3 7.1 50.2 6.6 432 SC 0.39
A-M2 30-60 1.73 82.1 9.4 8.5 52.0 4.6 43.4 SC 0.37
A-M3 60 - 90 1.74 80.8 12.9 6.3 48.0 8.4 43.6 SC 0.37
A-M4 90-120 1.71 79.8 13.1 7.1 455 52 49.3 SC 0.37
A-M5 120 - 165 1.75 81.2 11.2 7.6 459 9.7 44.4 SC 0.35
Transect (distance in m)
A-T1 5 1.30 80.0 16.6 34 65.1 9.7 25.2 SCL 0.57
A-T2 10 1.29 81.0 15.3 3.7 64.8 9.1 26.1 SCL 0.54
A-T3 15 1.31 81.5 14.9 3.6 66.4 6.8 26.8 SCL 0.55

"BD = bulk density; SCL = sandy clay loam; SC = sandy clay; SL = sandy loam; DR = dispersive ratio; ‘w = dispersion of soil particles in water; ¢ = dispersion

of soil particles with calgon addition.
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accumulation at mid-slope sites might account for the
relatively higher clay content in the topsoil of the Adenta
series.

It is apparent from the data that the textures of the
mound and the subsoil of the modal profiles are similar
and tend to confirm previous observations elsewhere that
termite mounds are subsoil materials that have been
brought to the surface by termites [7,22,24,32,42]. The
relatively greater clay contents in the mounds than their
respective associated soils are similar to other research
findings [11,25,27,28,43] and shows preference for the
finer soil fraction (clay) by termites for the construction
of these micro landforms.

Bulk density increased with depth from 1.24 to 1.42
Mg/m’ with increasing depth in the Rhodic Acrisol pro-
file. In the Haplic Acrisol profile, bulk density increased
with depth from 1.31 to 1.74 Mg/m’, which might be
attributed to the compact nature of the subsoil. The
mound has a relatively higher bulk density, especially in
the Rhodic Acrisol than the associated surface soils. For
the Rhodic Acrisol, bulk density values were generally
similar to those of the mound, especially in the subsoil
thus emphasizing the fact that mounds have a subsoil
property influencing it. Termite mounds in savanna land-
scapes of Africa are noted to have higher bulk density
than the adjacent soil because the termites repack the soil
to form dense hard protective layers [44,45] likely from
cementation by organo-mineral complexes in the intesti-
nal tracts of the insects. Our study tends to confirm that
termites modify soil texture and bulk density through
translocation of soil material, reconstruction of eroded
surface soil and preferential movement of fine and me-
dium sized particles all of which change bulk density,
texture and other physical properties.

3.2.2. Chemical Properties

Results of analyses of selected chemical properties are
given in Table 2. All the soils are acidic with pH values
determined in 0.01 M CaCl, lower than those determined
in water, making the net change in pH negative. This
suggests that the soils have a net negative charge that
may serve as potential sites for adsorption of positively
charged compounds.

Organic carbon (OC) content in the mound and asso-
ciated soils was very low and generally decreases with
depth in the two modal profiles. In the Rhodic Acrisol,
the OC content of the mound and associated topsoils was
similar and seems to agree with the findings in some
savanna grassland soils [11,46]. The OC content in the
mound on the Haplic Acrisol (6.8 to 7.7 g/kg) is greater
than that of the associated surface soils on the transect
(5.9 to 6.3 g/kg) and the profile (3.8 to 5.9 g/kg). Com-
pared to the subsoil, the mounds showed relatively
greater organic carbon content at each study site. Higher
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levels of OC in termite mounds were recorded in mounds
than their associated soils in previous studies [13,41,47,
48].

The greater OC content in the mound is probably due
to activities of termites when they bring subsoil mixed
with organic material to the surface, thus accelerating the
incorporation of humus into the soil [49]. Mixing of
subsoil with surface soil and addition of OC during pas-
sage of soil through the gut of the termites, as noted in
studies elsewhere in the tropics [49-51], may account for
this observation. The generally low OC contents of the
soils are characteristic of soils in semiarid ecosystems
where the high rate of mineralization does not allow for
greater accumulation of carbon. However, the relatively
greater OC content of the mounds may serve a useful
purpose for plant nutrition in these soils which have a
low inherent fertility status.

Total N contents are generally low in the mounds and
associated soils and follow trends in variations similar to
OC contents. Broad ratings of nitrogen measurements in
soils were described by Landon [52] as very high (>10
g/kg), high (5 - 10 g/kg), medium (2 - 5 g/kg), low (1 -2
g/kg) and very low (<1 g/kg). On this basis, our data
confirm that generally the N content of the mound and
profile samples are low. Nitrogen content in the Haplic
Acrisol profile is typically very low in N. The narrow
C:N ratios of the soils confirm the high rate of decompo-
sition of organic matter. Available P is generally low in
all the soils and decreases with depth in the two modal
profiles. The low level of this nutrient element is charac-
teristic of soils in the savanna zones of Africa due to the
low organic matter content [53]. More importantly, apa-
tite, the mineral source of phosphorus, is very low in
tropical soils. The relatively higher AP contents in the
transect soils might be attributed to phosphorus bound to
organic matter.

Exchangeable bases were low in mounds and associ-
ated soils due to the weathered tropical environment.
Calcium and Mg account for more than 70% of cations at
exchange sites. Exchange acidity values in the mound
and associated soils reflect the recorded pH values. The
values in the termite mounds are relatively higher than
their associated soils; these values are generally greater
in the Rhodic Acrisol profile, mound and transect sam-
ples than their respective counterparts in the Haplic Ac-
risol. Earlier studies elsewhere had also noted relative Ca
and Mg enrichments in mounds [54,55] attributable to
cation-clay accumulation in the subsoil where the mound
material originated.

Increasing exchange acidity values are attributed to
increasing leaching and weathering in tropical environ-
ments. It would seem that variation in exchange acidity
gives an indication that the mound is relatively more
weathered than the associated soils. Furthermore, the
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Table 2. Analytical data of selected chemical properties’.
pHs O.C. TN AP C:N Exchangeablo bases TEB Ex.Ac ECEC
Horizon/sample = Depth/height pHw Ca Mg Na K
(g/kg) (mg/kg) (cmol/kg)
Rhodic Acrisol (Toje series)
Profile (depth in cm)
Ap 0-6 44 45 8.7 1.52 525 5.7 432 191 0.11 0.26 6.60 0.30 6.90
Aul 6-22 4.8 4.4 3.0 143 453 2.1 4.08 145  0.10 0.24 5.87 0.20 6.07
Btl 22 -46 4.7 42 32 134 222 2.4 3.86 1.01  0.08 0.19 5.14 0.29 5.43
Bt2 46 -77 4.7 42 32 120  1.71 2.7 344 070 0.08 0.17 4.39 0.20 4.59
Bt3 77-120 4.6 4.1 22 1.24 149 1.8 3.22 0.45  0.09 0.15 391 0.26 4.17
BC 120 - 160 4.5 4.0 1.4 1.05  1.37 1.3 3.44 0.26  0.08 0.11 3.89 0.22 4.11
Cl 160 - 196" 4.5 4.0 1.3 089 128 1.5 2.62 0.20  0.07 0.11 3.00 0.39 3.29
Mound (height in cm from top)
T-Ml 0-80 5.9 5.5 7.1 1.55  3.49 4.6 5.04 1.80 0.16 0.30 7.30 0.42 7.72
T-M2 80 - 160 5.9 5.4 7.5 1.38 245 5.4 4.92 1.65 0.21 0.29 7.07 0.33 7.40
T-M3 160 - 240 6.3 5.9 6.7 121 223 5.5 428 1.60  0.20 0.25 6.33 0.34 6.67
T-M4 240 - 320 5.9 5.5 6.2 1.47 255 42 5.23 2.01 0.15 0.32 7.71 0.43 8.14
T-M5 320 - 400 6.3 5.7 6.4 137  3.57 4.7 4.80 .72 0.16 0.26 6.94 0.30 7.24
Transect (distance in m)"
T-T1 5 49 44 7.1 1.67 5.82 43 428 1.80 0.13 0.41 6.62 0.33 6.95
T-T2 15 4.7 43 8.8 1.78  5.73 49 3.90 .72 0.12 0.37 6.11 0.29 6.40
T-T3 20 52 43 8.0 1.66  5.84 4.8 4.06 1.71  0.10 0.38 6.25 0.31 6.56
T-T4 25 49 4.4 6.3 1.90 5.52 33 4.26 .76~ 0.14 0.39 6.55 0.28 6.83
T-T5 30 49 4.4 7.6 1.87 581 4.1 434 1.90 0.12 0.37 6.73 0.35 7.08
T-T6 35 49 4.4 8.3 191 5.63 44 4.12 1.82  0.13 0.39 6.46 0.27 6.73
Haplic Acrisol (Adenta series)
Profile (depth in cm)
Ap 0-15 5.3 49 59 098 4.08 6.0 3.68 1.14  0.14 0.21 5.17 0.29 5.46
Aul 15-27 52 4.8 48 097 267 5.0 3.60 1.04 0.13 0.20 4.97 0.25 5.22
BA 27-42 5.1 4.7 52 093 182 5.6 3.32 0.95  0.09 0.18 4.54 0.21 4.75
Btl 42-60 5.0 4.5 38 081 1.74 4.7 2.56 0.90  0.09 0.16 371 0.20 391
Bt2 60 - 90 49 44 44 081 1.88 5.4 2.52 0.86  0.08 0.11 3.57 0.22 3.79
Bt3 90-120 4.8 43 44 078 173 5.6 2.48 0.85  0.07 0.11 3.51 0.21 3.72
BC 120 - 150" 4.6 4.1 35 074 139 4.7 244  0.66 0.07 0.09 3.26 0.19 3.45
Mound (height in cm from top)
A-M1 0-30 49 45 7.6 1.66 242 4.6 4.02 1.49  0.20 0.26 597 0.39 6.36
A-M2 30-60 5.0 4.6 7.7 1.64 245 4.7 3.48 1.40 0.18 0.26 5.32 0.29 5.61
A-M3 60 -90 49 4.4 6.8 1.69  2.11 4.0 3.80 146 0.19 0.25 5.70 0.31 6.01
A-M4 90-120 52 4.7 7.6 1.58 232 4.8 3.92 148 0.23 0.23 5.86 0.32 6.18
A-M5 120 - 165 5.0 4.6 7.0 142 2.88 49 3.64 142 0.18 0.23 5.47 0.31 5.78
Transect (distance in m)’
A-T1 5 5.3 49 59 1.97 527 3.0 3.80 .12 0.15 0.22 5.29 0.30 5.59
A-T2 10 44 49 6.3 1.97  5.02 3.2 3.42 1.15  0.16 0.22 4.95 0.29 5.24
A-T3 15 5.3 4.9 6.0 1.46  5.06 4.1 3.40 1.10  0.14 0.21 4.85 0.28 5.13

= top soil sampled at 0 - 20 cm depth at the distance intervals in metres (between the location of mound and profile pits) starting from the profile pit i.e. 0 - 5
m; 'pHw = pH in water; pHs = pH in 0.01 M CaCl,; O.C. = organic carbon; TN = total nitrogen; AP = available phosphorus; TEB = sum of exchangeable bases;

Ex. Ac = exchange acidity; ECEC = effective cation exchange capacity.
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values also confirm the greater profile maturity of the
Toje series. The effective cation exchange capacity (ECEC)
values of the Toje series (soils and mound) are greater
than the ECEC of the Adenta series. The generally low
ECEC suggests dominance of low activity clays.

3.3. Aggregate Stability and Mineralogy

Analytical data on dispersion ratio (DR) are presented
in Table 1. Dispersion ratio, an index used to estimate
the stability of soil aggregates, indicates the ease with
which silt and clay particles go into suspension. As noted
in research on aggregate stability by other workers [47,
56-59], the DR is a function of organic matter content of
soils. A lower DR value means a greater stability of soil
and hence less erodibility [48].

Dispersion ratios were lower in the mounds (DR <
0.41) than their respective associated soils, especially the
topsoils (DR > 0.5). However, DR values of the mounds
were generally similar to those of the subsoil of the pro-
files. It is apparent that the action of termites has led to a
greater stability of aggregates in the mounds. Evidence
that exchangeable cations (especially Ca*") and organic
particles in the intestinal tract of termites act as cement-
ing materials in the formation and stabilization of mi-
cro-aggregates in mounds [60] may underscore the role
of termites in enhancing structural stability of soils.
Translocation of fine soil material tends to change soil
bulk density, porosity and other physical properties of
soils [45] as noted in our research.

In a study of structural stability of termite mounds
elsewhere in the tropics [13] it was observed that clay
content, more than organic matter, enhanced the stability
of mound soils. In this study, therefore, it is apparent that
the relatively higher clay content in the termite mounds
could lead to decrease in pore sizes and transmission of
water (which will be discussed in Section 3.4) and con-
tribute, in part, to the greater structural stability. Our ob-
servation tends to agree with results of other studies
[14,18,26,28] which indicated that shear strength of ter-
mite mounds were greater than surrounding soils as a
result of decreasing water content apparently from re-
duced pore size distributions.

Random powder x-ray diffraction patterns of the ter-
mite mounds and associated soils are shown in Figures 3
and 4. The analyses show that kaolinite is the dominant
clay mineral, which is consistent with the tropical envi-
ronment and the low effective cation exchange capacity.
Peaks referable to quartz are prominent in all the soils.
Peak intensity is relatively greater in the mound samples
(Figures 3(a) and 4(a) than their associated soils (Figures
3(b), (c) and 4(b), (c)) and generally in the Rhodic Acrisol
(Figure 3) than in the Haplic Acrisol (Figure 4). Similar
mineralogical composition in termite mounds has been
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Figure 3. X-ray diffraction patterns of random clay samples of
termite mound (a); and associated soil profile at 50 cm depth
(b); and 120 cm depth (c) on the Rhodic Acrisol.

reported elsewhere in the tropics [11,17,28,61]. Termites
play a critical role in the transformation of primary min-
erals to finely crystallized kaolinites. It is therefore pos-
tulated that a combined effect of kaolinite, quartz and
organic matter brings about the greater stability of termite
mounds. Kaolinite serves as the mortar, quartz as the
aggregate units and organic matter as the plaster similar to
conventional building material.
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Figure 4. X-ray diffraction patterns of random clay samples of
termite mound (a); and associated soil profile at 50 cm depth
(b); and 120 cm depth (c) on the Haplic Acrisols.

3.4. Characteristics of Mounds

This section presents relevant data and discussion on
mound morphology (architecture), abundance, mass of
mound and soil material and regeneration of mounds.
Morphological characteristics indicated that majority of
the mounds at the study sites are conical in shape while a
few others have a “cathedral” configuration (Figures 5(a)
and (b)). They are compact and sealed at the surface with
some internal macropores in all of them to allow for

Copyright © 2012 SciRes.

Figure 5. Morphology of mounds: conical (a); and cathedral (b)
types, and density (c).

ventilation and regulation of temperature. The colour of
the mounds on each soil is similar to the colour of the
subsoil of each associated soil; reddish brown to red in
the Rhodic Acrisol and yellowish brown in the Haplic
Acrisol confirm that materials for the construction of
mounds are from the subsoils. Data on height of each
mound, base diameter and mean bulk density are pre-
sented in Table 3. Mounds on the Rhodic Acrisols are
generally higher (3.05 - 4.00 m) with corresponding
greater base diameter (2.05 - 4.20 m) than those on the
Haplic Acrisol (1.65 - 4.20 m high and 2.05 - 3.20 m
diameter). Relatively lower mound dimensions have
been reported in similar semi-arid environments in
Northern Namibia [22].

Data on total soil mass of mounds on each soil series
are also presented in Table 3. For the Rhodic Acrisol
(Toje series), the mass of the six selected mounds ranged
from 7265 kg to 33,133 kg with a total mass of 96,361
kg. The mass of the mounds on the Haplic Acrisol
(Adenta series) also varied from 3124 kg to 19,262 kg,
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which summed up to 54,910 kg. The calculated total
mass of soil from a depth of 0.2 m is 250,000 kg/ha and
260,000 kg/ha, respectively, for Toje series and Adenta
series (Table 4). For an area of 1000 m? the soil mass
would be 25,000 kg and 26,000 kg for the two respective
soils. This means that the mound samples would be far
greater than the total soil mass at a depth of 0.2 m at each
respective site highlighting the large amount of mound
material that would be available for use as amendment
material. Kaschuk et al., [11] employed similar proce-
dures to measure the amount of mound material in natu-
ral grasslands of Brazil. These authors noted that termite
activity in different locations was associated with trans-
portation of large volume of soil material, which varied
from 20.9 m’/ha to 136 m*/ha.

In our current study, it is apparent that the greater

Table 3. Field data and estimated total soil mass of each mound
within an area of 1000 m?.

Sample Height Diameter BD' . Soil mass*
(m) (m) (Mg/m”) (kg)
Rhodic Acrisol (Toje series)
T-M1 4.00 2.05 1.65 7265
T-M2 3.75 2.20 1.72 8177
T-M3 5.05 3.85 1.69 33,133
T-M4 3.05 2.80 1.74 10,898
T-M5 430 2.58 1.73 12,969
T-M6 3.10 420 1.67 23919
Haplic Acrisol (Adenta series)
A-M1 1.65 2.05 1.72 3124
A-M2 1.95 2.20 1.70 4202
A-M3 3.10 2.70 1.69 10,003
A-M4 2.80 2.05 1.68 5178
A-M5 4.20 3.20 1.71 19,262
A-M6 3.55 2.85 1.74 13,141

'BD = bulk density (mean of 10 samples per mound); ¥ = calculated from
Eq.4.

Table 4. Calculated total soil mass at each study site.

Site Depth Areza BD' \ Soil mass*
(m) (m) (Mg/m”) (kg/ha)
Rhodic Acrisol (Toje series)
1 0.20 1000 1.25 250,000
Haplic Acrisol (Adenta series)
2 0.20 1000 1.30 260,000

"BD = bulk density (mean of 10 surface samples); * = calculated from Eq.5.
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volume and mass of soil material in the mounds on the
Rhodic Acrisol were influenced by the relatively large
non-compact subsoil available to the termites. These
amounts of material coupled with the stability of the
mounds also give a positive indication that application of
mound samples on the soil annually will improve struc-
tural stability of the soils. From the standpoint of soil
conservation this can be significant since it provides
readily available material to reduce soil erosion by
run-off and maintain the productivity levels of the soils.

On the basis of the number of mounds used at the
study site and other mounds counted during the field
work, an average of 12 mounds were recorded per 1000
m” land area, which would translate into an average of
120 mounds per ha. Available data indicate that the den-
sity of mounds in the guinea savanna zone of Ghana var-
ied from 70 to 118 per ha [33]. From this observation it
can deduced that the density of mounds in our study is
appreciably high. However, greater mound densities have
been recorded in other tropical grasslands [11] and forest
ecosystems [14].

As indicated in Section 2.2, termite mounds were bro-
ken down and the debris removed. To ascertain the rate
of regeneration, measurement of newly formed mounds
were taken 14 days after the destruction. The following
respective heights and base diameters of 4 mounds were
obtained (Figure 6): 1.3 m and 3.0 m (a); 2.0 m and 3.0
m (b); and 1.6 m and 2.5 m (¢) and 1.4 m and 1.5 m (not
shown). Another mound (Figure 6(d)) measured showed
a height of 4.0 m and base diameter of 4.0 m after de-
struction in 100 days. Regeneration of the mounds on the
Rhodic Acrisol was relatively more marked. Perhaps the
large volume of fine to medium size soil material en-
hanced faster rate of regrowth. Generally, previous data
on fast growth or regeneration of mounds as noted in this
study are quite rare in the literature; previous study indi-
cated that 0.61 m high mound was rebuilt within one
month [62].

The above observations may have some useful impli-
cations for natural resource utilization. Termite mounds
have been identified as important hydrological indicators
elsewhere [20,63]. It was noted that in the humid tropical
regions of Congo (Katanga province) and the drier areas
of India, occurrence of termite mounds was associated
with spring water sources [63]. Consistent with this evi-
dence, many bore holes to tap groundwater reserves for
the local university community were identified at the
study site. The abundance of mounds at the study site
may therefore confirm the correlation that exists with
groundwater sources. Furthermore, the observation that
water availability is essential in the construction of
mounds might be a plausible reason for the abundance of
well-formed mounds and the fast rate of generation at the
study sites. Termites normally use readily available source
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Figure 6. Regeneration of mounds to varying heights in 14
days (a, b and c¢) and 100 days (d).

of water such as atmospheric precipitation and water
close to the ground surface for their metabolic activities
including mound construction. Considering the mois-
ture-stress environment at the study site, it is likely that
the underground water, which is noted to be less than 40
m, serves as a reliable water source for the termites. It
can be concluded that the presence of termite mounds,
which constitute dominant micro-relief features in sa-
vanna ecosystems where surface water reserves are lim-
ited, can provide useful indication of unknown under-
ground water sources.

Nutrient cycling can be another useful implication of
the abundance and regeneration of mounds. In other
studies elsewhere in the tropics, it was noted that the large
amount of soil material brought to the surface annually by
termites contains more organic carbon and nitrogen than
the surrounding soil [64,65]. The translocated soil mate-
rial, which contains nutrients are therefore recycled at fast
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rates thereby creating spatial heterogeneity in nutrient
contents of soils [44,66,67].

3.5. Impact of Mound on Hydraulic
Conductivity

Data on hydraulic conductivity (Ky) of the mound and
associated soils at the two study sites as well as calcu-
lated total porosity values are provided in Table 5. The
K, for the surface soils ranged from 3.3 x 107> to 5.0 x
10~ m/s whereas the least conductivity values were re-
corded for the mound samples (<0.5 x 107 m/s). Con-
ductivity values in the mounds were about 6-fold and
10-fold lower than their associated surface soils in the
Rhodic Acrisol (Toje series) and Haplic Acrisol (Adenta
series), respectively. The mound in the Haplic Acrisol
has relatively lower K, values compared to those of the
Rhodic Acrisol. Porosity is lower in the mound samples
(35.1% - 39.6% in the Toje series and 34.3% - 36.2% in
the Adenta series) relative to the surface samples (>
50%). Low porosity conforms to the high bulk density
which is the result of the compact nature of the mounds
and subsurface, especially in the Adenta series.

Studies on termite mounds elsewhere [12,13,30,44]
also indicate that water infiltration in mounds is very low
as a result of low porosity caused by high bulk density
and compaction. It can therefore be inferred that porosity
influences transport of water in the mound and associ-
ated soils. For the mound samples in particular, this con-
firms evidence in this study that clay enrichment leads to
decrease in pore sizes and transmission of water and
subsequent greater stability of the mounds.

Hydraulic conductivity was determined for different
soil-mound treatments to assess the effect of mound ap-
plication on water movements thereby predict manage-
ment options. Data obtained from conductivity meas-
urements of the surface soils, which were amended with
mound samples are presented in Table 6. The K, values
when mound samples were packed on top of the soil
column varied from 0.67 x 107 to 1.19 x 10~ m/s in the
Toje series and from 0.50 x 10 to 0.67 x 10> m/s in the
Adenta series. The variation in values represents about
5-fold and 3-fold reduction in conductivity in the two
respective soils following this amendment. It is apparent
that the K, values for the amended soils were close to
those of the mound (Table 5). When the mound samples
were mixed with the surface soils, the recorded K, values
ranged from 2.20 to 3.30 x 10~ m/s in the Toje series
and 1.19 to 2.20 x 10~ m/s in the Adenta series (Table
6). This range in K, is about 2-fold or less compared to
the values of the untreated soils.

From this experiment it is apparent that hydraulic
conductivity of the soils is influenced by the mound
treatments. High clay content, high bulk density and low
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Table 5. Total porosity and hydraulic conductivity of the soils.

Sample Depth/Height (cm) TP' (%) Ky (x107° m/s)

Rhodic acrisol (Toje series)

Profile (depth in cm)

Ap 0-6 53.2 33+0.15
Aul 6-22 51.3 1.7+0.10
Btl 22-46 50.9 1.7 +£0.09
Bt2 46 - 77 49.1 1.7+0.11
Bt3 77 - 120 47.2 1.7+0.08
BC 120 - 160 48.7 1.8+0.14
Cl 160 - 196" 46.4 1.7+0.12
Mound (height in cm from top)
T-M1 0-80 389 0.50 £ 0.03
T-M2 80 - 160 35.1 0.50 £0.02
T-M3 160 - 240 355 0.50 £0.02
T-M4 240 - 320 385 0.47 +0.03
T-M5 320 - 400 39.6 0.50 £ 0.02
Transect (distance in m)*
T-T1 5 54.0 5.0+0.11
T-T2 15 54.3 5.0+0.30
T-T3 20 54.7 5.0+£0.24
T-T4 25 50.2 4.6+0.21
T-TS 30 52.5 5.0+£0.29
T-T6 35 53.6 5.0+£0.22
Haplic Acrisol (Adenta series)
Profile (depth in cm)
Ap 0-15 50.6 3.3+0.14
Aul 15-27 46.4 1.7+0.09
BA 27-42 40.0 1.7+0.10
Btl 42 -60 39.3 1.7+0.10
Bt2 60 - 90 355 1.7+0.12
Bt3 90 -120 34.7 1.7+0.13
BC 120 - 150" 343 1.7+0.11
Mound (height in ¢cm from top)
A-M1 0-30 36.2 0.33+£0.04
A-M2 30-60 34.7 0.35+0.02
A-M3 60 -90 343 0.33£0.03
A-M4 90-120 355 0.33£0.04
A-MS5 120 - 165 34.0 0.33+£0.04
Transect (distance in m)*
A-T1 5 50.9 33+0.15
A-T2 10 51.3 1.7+0.10
A-T3 15 50.6 1.7+0.11

TP = total porosity = [(1-bulk density/particle density)*100%]; ¥= Top soil
sampled at 0 - 20 cm depth at the distance intervals in metres (between the
location of mound and profile pits) starting from the profile piti.e. 0 - 5 m.
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Table 6. Hydraulic conductivity of surface soils (0 - 20 cm
depth) amended with mound samples.

Sample Depth/Height (cm) Ky (x107° m/s)

(a) Mound samples packed on top of soil surface
Rhodic Acrisol (Toje series)

Transect (distance in m)’

T-T1 5 1.19+0.05
T-T2 15 0.83 +0.04
T-T3 20 0.83 +0.04
T-T4 25 0.83 +0.05
T-TS 30 0.83 £0.05
T-T6 35 0.67 +0.03
Haplic Acrisol (Adenta series)
Transect (distance in m)"
A-T1 5 0.67 £0.04
A-T2 10 0.50 +0.03
A-T3 15 0.50 +0.03

(b) Mound samples mixed with soil surface
Rhodic Acrisol (Toje series)

Transect (distance in m)"

T-M1 5 2.20+0.11
T-M2 15 2.20+0.12
T-M3 20 3.30+£0.14
T-M4 25 2.20+0.12
T-M5 30 2.20+0.09
T-M6 35 2.20+0.09
Haplic Acrisol (Adenta series)
Transect (distance in m)"
A-T1 5 1.20 +0.06
A-T2 10 1.19+0.06
A-T3 15 1.19+0.07

= Top soil sampled at 0 - 20 cm depth at the distance intervals in metres
(between the location of mound and profile pits) starting from the profile pit
ie.0-5m.

porosity exhibited by the mound might have contributed
to decrease in K, of the treated soils, especially when
mound material is applied at the surface. Slow water
movement implies better retention of water and applied
nutrients [13,30] and possible protection of underground
water from pollution. The relatively lower hydraulic con-
ductivities when the mound samples were treated with
surface soils indicate that leaching of nutrients applied to
the soil will be low. This will likely allow for greater
uptake by plant roots, which will also ensure better crop
performance, especially in many farming systems in Af-
rica where soil nutrients are depleted because of short or
non-existent fallow periods and inadequate application of
external fertilizer by the resource-poor farmers. It was
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noted that the reduction in hydraulic conductivity as
noted in this study will not increase run-off, which oth-
erwise would have offset the benefits derived from using
the mound as amendment material.

Although, measurement of other properties such as
organic carbon content and aggregate stability was not
included in the mound-amended soils, it possible that
higher levels of these properties could have been ob-
tained as noted in studies elsewhere [30]. A previous study
on similar Acrisol by Akomaning et al., [6] provided
quantitative evidence on reduced leaching of plant-avail-
able nutrients when fertilizers mixed with plant residues
were applied to the soil surface. The residue provided a
slow-down effect similar to the role played by the termite
mound in our study.

4. CONCLUSION

This study has provided insight to the characteristics
of termite mounds and associated soils in savanna eco-
system of Ghana. Termite mounds generally exhibited
greater capacity of nutrient reserves with greater struc-
tural stability than their associated soils. The density of
mounds and rate of regeneration were high. Conically-
shaped mounds were the dominant morphological fea-
tures, which also recorded relatively higher organic car-
bon, nitrogen, available phosphorus and cation exchange
capacity than the surrounding soils. Presence of low ac-
tivity clays was consistent with the low ECEC and pH
which are characteristic of the tropical environment. To-
tal mass of mound material in the Toje series was twice
that in the Adenta series because of larger amount of fine
to medium sized material available for mound construc-
tion. Translocation of soil material from the subsoil by
termites imparted greater stability to the mounds, which
exhibited high bulk density, low porosity and hydraulic
conductivity. Treatment of the soils with termite mounds
reduced water movement in the surface soils compared
to the non-treated soils. The effect of the treatment on
water movement was more pronounced when the mound
material was applied to the surface. The impact of this
study lies in the potential of using readily available
mounds as amendment materials to improve water reten-
tion, aggregate stability, and nutrient contents of soils
and also reduce leaching of agrochemicals and risks of
contamination of underground water. In semi arid sa-
vanna regions where surface water source are scarce
presence of termite mounds can serve as reliable sources
of local underground water.
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