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Abstract Termites provide ecosystem services and have been used as a biological index of soil quality and fertility
because of their key role in soil nutrient cycling that enables trees associated with their activities to remain evergreen
throughout the year. To gain further insight into this situation, we compared the soil physico-chemical properties of
termitaria and their surrounding soils in three Nigerian ecological zones including savannah, derived savannah and
rainforest. Parameters evaluated were the pH, cation exchange capacity (CEC), organic carbon (OC), available phosphorus
(Av.P) and total nitrogen (TN); base saturation (BS) and soil texture were also determined alongside the elemental (K, Na,
Ca, Mn, H, Al) composition. The pH, OC, Av.P and TN in the termitaria were significantly higher than those in the
surrounding soils. There were significant differences in the composition of the elements among sites in the termitaria and
surrounding soils. The predominant analyte in the termitaria was Al, being in significantly higher concentration than in the
surrounding soil. Na and Ca were also much higher in the termitaria than the surrounding soils in the guinea savannah zone.
Soil pH had strong positive correlation with OC and CEC in the termitaria soil, but negative correlation with the
surrounding soils outside the termitaria. On the other hand, both the termitaria and surrounding soils, base saturation, cation
and soil texture were highly correlated between the ecozones. The findings from this study might promote nature con-
servation and enrichment of biodiversity in the different ecological zones, and could also support the local and poor
farmers’ decisions in growing specific crops closer to the termitaria, especially the crops that require higher uptake of OC,
N, Na and Ca for their growth and yields.

Keywords Soil mineral elements - Nutrient cycling - Surrounding soils - Termitaria soils

Introduction

< Simon Idoko Okweche
idokosi @unical.edu.ng Termites are insects belonging to the order, Isoptera, and

phylum, Arthropoda. They exist in the six families of
Mastotermitidae, Kalotermitidae, Termopsidae, Hodoter-
mitidae, Rhinotermitidae and Termitidae [38, 39]. In some
agroecological zones, mound-building termites are known
to have adverse effects on a number of arable and tree
crops and human structures [9, 48, 49]. Mound-building
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impact on humans, socially and economically [23]. The
remaining 80% is an indication that termites are of more
benefit to man and the environment than harm [58, 62]. For
example, termites have been used as a biological tool to
assess soil quality and fertility [21, 37, 47]. Some termite
societies such as Macrotermes and Coptotermes are found
in mounds (termitaria) which they build by excavating soil
particles from depths using resources from the surrounding
soil [32]. Kalotermitidae, Termopsidae and Rhinotermiti-
dae are dominantly found in wood species while others are
scattered in soil matrix and nest [25]. All species of ter-
mites in colonies are composed of different castes, namely
the workers, soldiers and reproductive which are made up
of the king and the queen, and each of the castes has
defined role that contributes to the survival of the colony
[31, 59]. Subterranean termites are associated with under-
ground and vertical tunnels of buildings that look like mud
tubes [8]. The tunnels provide protection to the termites
from the external air, allowing for free movement of food
by the workers within the nest. Generally, termites are
influenced by the environment where they live when
inflicting physical and chemical changes in the plant-litter
soil system.

The mounds depict how termites are well adapted to the
environment; construction of termitaria from the soil or
mixture of soil and other materials or within soil horizons
affects the physical and chemical composition of both the
soil used for construction and soil of surrounding areas
from which the materials are derived [54, 65]. Microhab-
itats are produced by termites which favor the development
and sustenance of symbiotic microbial associations, pro-
viding it with optimum security from attacks and interfer-
ence by predators. In the tropics, Kaschuk et al. [36] and
Turner [69] found that trees associated with termite activ-
ities remain ever green throughout the year due to their
activities due to nutrient cycling that led to improved soil
fertility.

Termites by exercising their bioturbation activity influ-
ences the dynamics of soil and water at different spatial and
temporal scales [11, 33, 43]. At a medium scale, termites
have been identified as important drivers of weathering
because they regulate the mineralogy of clay and the
chemical compositions and properties of soil including the
soil aggregates, which consequently controls the soil
organic matter, soil carbon, and soil nutrient dynamics and
cycling as well as soil water-holding capacity [43, 68]. At
the soil profile level, termites explore and exploit soils
from different soil profiles or generally select soil particles
of small sizes (i.e., clays) for the construction of their
termitaria [34]. The potential of termites in the enrichment
of the soil in clay particles is very significant as their
impact on soil organic matter is very remarkable. For
example, many studies found higher carbon content in
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termitaria than in the surrounding soil in different tropical
regions of the world [19, 23, 70], while Cheik et al. [18]
found a negative or neutral effect of termite bioturbation
activity. Finally, termites act as heterogeneity drivers and
shape the distribution of natural resources such as water
and nutrients at the landscape scale through the edification
of mounds that are comparable to nutrient patches or soil
fertility spots [7, 19, 40, 45, 46].

Generally, soil biochemical and physical properties of
termitaria have been intensively discussed, especially in
tropical Africa, where they exercise crucial roles in the
dynamics and structure of vegetation zones and plant
species richness [35, 67]. Other sect of authors in the
region have described elaborately the roles of termites and
their termitaria in promoting the soil ecosystem services by
increasing the robustness and resilience of African arid
ecosystems against water constraints and desertification
[10]. Soils of the termitaria have high clay and organic
matter contents, which contribute to the cation exchange
capacity, buffering of the soil pH and aeration of the soil
due to the burrows associated with their movement and
transportation of materials. Termites of the genus
macrotermes in Africa are generally referred to as the
mound-building termites. The mounds can be about
12-18 m in diameter and up to 7 m high [28]. This study is
aimed at determining and comparing the physiochemical
properties of termitaria and their surrounding soils in three
Nigerian ecozones to gain further insights into the effects
of termite’s activities, especially on a tropical soil
ecosystem. Therefore, we hypothesized that termitaria can
be identified as biogeochemical hot spots with enriched soil
properties (e.g., clay, organic matter and other nutrients).

Materials and Methods
Study Area

This study was conducted in three agroecological zones
(guinea savanna, derived savanna and the mangrove zone)
of Cross River State, Nigeria. Cross River State is a coastal
state located in the Niger Delta region and occupies 20,156
square kilometers. It shares boundaries with Benue state to
the north, Ebonyi and Abia states to the west, to the east by
Sud-Ouest Province in Cameroon, and to the south by
Akwa-Ibom and the Atlantic Ocean [5]. Samples from
large termitariun (Supplementary Fig. 1) (LT) (with 15-20
entry points), small termitarium (ST) (5-10 entry points)
[61] and surrounding soil (SS) were collected from 3
agroecological zones of Cross River State, Nigeria (Fig. 1).
The locations are Obudu in the guinea savanna zone of the
state, Ikom in the derived savanna zone and Calabar in the
mangrove.
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Guinea Savanna

Obudu (6°40" 5.48" N; 9° 09’ 52.31” E) lies in the tropical
Guinea savanna zone of Cross River State, Nigeria, with
the broadest vegetation type, and it consists of a combi-
nation of perennial trees and grasses. It has an annual
rainfall of 1000-1500 mm and distributed within a period
of 68 months. The vegetation is pruned to wildfires during
the drier periods of the year, which leads to an abundance
of tree species that are resistant to wildfire. The major
occupation in the area is farming and the soil is an Oxisol

Map Production:
Forest Monitoring, GIS and Mapping Unit
CRS Forestry Commission, Calabar.
Nkor, Bridget 2020

(ferrasol) [47] with pH range of 4.7-5.7 and organic carbon
of 49-74.8 g kg™ [4].

Derived Savanna

Tkom (5° 58’ 0.08” N; 8° 42’ 22.75" E) has the appearance
and composition of the derived savanna, but with vestiges
of lowland rainforest. In some areas, especially where
human impacts on the vegetation has been high, there is a
considerable reduction of plant species. The derived
savanna zone has a mean annual rainfall of 2000 mm and
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minimum and maximum temperature of 25 and 37 °C,
respectively [56]. The primary soil type is Alfisols with
loamy sand, pH value ranging from 4.36 to 6.98, organic
carbon ranging from 1.29 to 1.9% and nitrogen ranging
from 0.2 to 0.27% [63].

Mangrove Forest Vegetation

Calabar (4°57' 32.15” N; 8° 19'37.02” E) is located in the
tropical Mangrove vegetation region with dense plants
capable of trapping rainwater [26]. The area has a mean
annual rainfall of between 2000 and 3500 mm, and it
distributed within a period of 810 months [3]. It is char-
acterized by dense vegetation comprising of trees, shrubs,
herbs and tall grasses with a pH value of 5.43-5.54 and
organic carbon (2.51-3.05%) [2].

At each of the 3 sites, samples were collected from the
crest of the termitaria and surfaces (15 cm deep) of the
soils that surround the termitaria, 50 m away from the base
of the mound and outside the zone with noticeable termite
activity. The distance of 50 m was applied to avoid any
encroachment or runoff from the termitarium. At each site,
3 bulk samples for physico-chemical analyses were taken
from every mound and from the surrounding soil [43]. The
various soil samples were labelled appropriately, air-dried
and sent to the Department of Soil Science, University of
Calabar, for the analysis of organic carbon, phosphorus,
potassium, aluminum, exchangeable bases, cation
exchange capacity, pH and soil texture.

Soil Analysis

The pH of the soil was measured electrometrically using a
pH meter in a 1:2.5 soil:water suspension. Available
phosphorus (Av.P) was extracted with acidic fluoride using
the Bray P 1 method [14], and phosphorus in the extract
was determined colorimetrically by the molybdenum blue
method of Murphy and Riley [44]. Exchangeable bases
(calcium, potassium, magnesium and sodium) were
extracted using 1:10 soil solution ratio. Soil textural anal-
ysis and classification were determined using Bouyoucos
hydrometer method [12]. The content of soil organic car-
bon (OC) was determined according to the Walkley and
Black method [29, 60], while the soil total nitrogen (TN)
content was determined using the Kjeldahl method
[15, 51].

Statistical Analysis
Prior to the statistical analysis, all soil variables were log-
transformed and standardized to meet the assumptions of

normality and linearity [28]. All soil data were expressed
as mean standard error (£ SE). One-way analysis of
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variance (ANOVA) and r-test were used to determine the
differences and the significance of the differences in soil
chemical properties, base saturation and cation concentra-
tions, and in the soil texture particulates between termi-
tarium and surrounding soils across the vegetation zones.
Significant means were separated using least significant
difference at 5% significance level to assess the mean
differences in soil physiochemical properties under the
termitarium and surrounding soils in different vegetation
types. The multivariate analysis such as correlation and the
redundancy analysis (RDA) were used to compare the
relationships between the contents of the soil physio-
chemical properties in different vegetation types/ecozones.
The STATISTICA 13.0 software (Statsoft, Tulsa, OK,
USA) and the redundancy analysis (RDA) followed by a
Monte Carlo Permutation test with 999 permutations in the
CANOCO 5.0 software [66] were used for the analyses.
Ordination diagram was produced by applying the Cano-
Draw program which prompted the presentation and visu-
alization of the RDA result.

Results

Data in Table 1 show the variations in pH, organic carbon,
total nitrogen, available phosphorus and cation exchange
capacity of termitaria and surrounding soils from the var-
ious ecozones. Generally, the termitaria from the three
zones were acidic to slightly acidic with pH of between 4.0
and 6.2. The pH was much higher in the guinea savanna
and derived savanna than the mangrove forest zone. The
pH of termitaria in guinea savannah and derived savannah
was significantly higher than values in the surrounding
soils, while the pH of soils surrounding the termitaria in the
mangrove forest vegetation zone was similar to that of the
termitaria. Organic carbon in derived savannah was higher
in termitaria (2.40%) compared with the surrounding soils
(1.46%). There was no significant difference in OC
between termitaria and surrounding soils in guinea savan-
nah (p = 0.06) and mangrove ecozones. Table 1 shows that
the termitaria total nitrogen in all the locations were not
different from that of the surrounding soils. Total nitrogen
was lower in the mangrove forest zones, whether in sur-
rounding soils (0.09%) or termitaria (0.07%). On average,
total nitrogen was higher in surrounding soils (0.90%) from
the three ecozones than termitaria (0.11%); however, there
was no statistical difference between the amount in ter-
mitaria and surrounding soils across the ecozones. Avail-
able phosphorus (Av.P) in the savannah ecozone was
higher in termitarium than surrounding soils. The Av.P in
the termitaria had an average of 12.55 mg kg~ ' compared
with surrounding soils with an average of 11.86 mg kg™ ".
Termitaria across the various ecozones had significantly
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Table 1 Chemical properties of termitaria versus surrounding soils across locations

Vegetation type Chemical properties Termitarium Soil p-value

Guinea savannah pH 6.00 £+ 0.57 4.30 + 0.20 < 0.01*
ocC 1.63 &+ 0.49 1.46 £+ 0.23 0.06 n.s
N 0.10 & 0.00 0.10 & 0.00 0.12 n.s
AP 12.73 £ 0.37 11.73 £ 0.36 0.04*
CEC 10.57 £ 0.63 546 £ 0.12 < 0.01%*

Derived savannah pH 6.36 + 0.16 4.30 £ 0.20 < 0.01%*
oC 2.40 £ 0.20 1.46 £ 0.23 0.02%*
TN 0.09 + 0.01 0.11 & 0.00 0.45 n.s
AP 12.10 &+ 0.15 11.70 &+ 0.35 0.69 n.s
CEC 10.21 + 0.28 5.44 £ 0.14 < 0.01*

Mangrove pH 4.46 £ 0.23 437 £ 0.22 0.55 n.s
oC 1.71 £ 0.27 1.48 £ 0.25 0.19 n.s
TN 0.39 £ 0.25 0.12 £ 0.00 0.40 n.s
AP 12.07 £ 0.95 11.71 £ 0.34 0.13 n.s
CEC 9.89 &+ 0.31 5.49 £ 0.17 < 0.01*

Asterisks (*) indicate significant differences between termitarium and surrounding soil, #.s not significant, pH soil reaction, OC organic carbon,
TN total nitrogen, AP available phosphorus, CEC cation exchange capacity

higher cation exchange capacity compared with surround-
ing soils averaging 10 cmol kg~' in termitaria and
5 cmol kg™ in surrounding soils.

There were not much significant differences between the
termitaria and the surrounding soils, as indicated in the
selected soil chemical properties, especially base saturation
(BS) and cation concentrations (Table 2). Mean
exchangeable potassium was about same in termitaria and
surrounding soils across the ecozones, but exchangeable
sodium was slightly higher in termitaria (0.1 cmol kg™")
than surrounding soils (0.10 cmol kg_l); however, there
was no significant difference between exchangeable
potassium and exchangeable sodium in termitaria in sur-
rounding soils across ecozones. Exchangeable calcium was
higher in termitaria than the surrounding soils in guinea
savannah and Mangrove ecozones. In the savannah zone,
there was no significant difference between exchangeable
calcium in termitarium and surrounding soil. Concentra-
tions of magnesium were higher in termitarium
(3.56 cmol kg™ ') than in surrounding soils
(1.80 cmol kg™') in the guinea savannah ecozone, 1.80 and
2.50 cmol kg™' in the derived savannah and 0.97 and
1.80 cmol kg™ in the mangrove forest ecozone, respec-
tively. The base saturation was higher in termitaria than in
surrounding soils across the three ecozones, with an aver-
age of 80% compared with surrounding soils with an
average of 71%.

There was variability in soil texture across the three
ecological zones with clay being significant in all
(Table 3). The content of sand was higher in surrounding

soils than in the termitaria that of silt was similar while the
clay content was higher in termitaria than surrounding
soils.

The chemical properties of the termitaria soils across the
vegetation types showed that the pH had strong correla-
tions with OC (r = 0.571), TN (r = — 0.988) and CEC
(r = 0.740) (Supplementary Table 1). On the other hand, in
the surrounding soils CEC showed negative correlations
with pH (r = — 0.630), OC (r = — 0.757), TN (r = — O.
148) and Av.P (r = — 0.220). Similarly, a positively strong
correlation (r = 0.900) was revealed between CEC and
Av.P. The correlations between Av.P and other soil
chemical properties such as pH (r=0.896), OC
(r=0.803) and TN (r = — 0.931) were high. The base
saturation (BS) and cation contents for termitaria soils
revealed that Mg had high correlation with K
(r=-—0979) and Na (r=0.907) (Supplementary
Table 3). Calcium showed a high correlation with H
(r =0.968), BS (r=0.823) and Al (r = 0.567) while H
showed a negatively high correlation with Al
(r = — 0.771). Strong correlations were recorded between
BS and Na (r=0.897) and H (r = 0.629). Further, the
surrounding soils revealed strong correlations between Ca
and Mg (r = — 0.987), H (r = 0.990), Al (r = 0.847) and
BS (r =0.994). Sodium indicated negatively high corre-
lations with Ca (r=— 0.879), Mg (r=—0.792), H
(r = — 0.805), Al (r = — 0.997) and BS (r = — 0.824). In
both the termitaria and surrounding soils, the base satura-
tion and cation contents revealed very high correlation
(r=0.999) between the ecozones (Supplementary
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Table 2 Base saturation (BS) and cation concentrations (cmol kgfl) in termitaria versus surrounding soils across the three ecozones

Vegetation type Chemical elements Termitarium Soil p-value
Guinea savannah K 0.07 £+ 0.00 0.03 £ 0.00 0.07 n.s
Na 0.34 £0.23 0.10 £ 0.00 0.31 n.s
Ca 4.53 £ 0.78 2.20 £ 0.70 0.04%*
Mg 3.56 £ 0.34 1.80 £ 0.30 0.23 *
H 0.62 £ 0.04 047 £ 0.22 0.09 n.s
Al 0.15 £ 0.02 0.16 £+ 0.02 0.17 n.s
BS 89.73 £ 0.85 69.73 £+ 1.41 < 0.01*
Derived savannah K 0.08 + 0.00 0.07 £ 0.00 0.19 n.s
Na 0.10 £ 0.00 0.09 £ 0.00 0.30 n.s
Ca 2.20 £ 0.70 4.66 £+ 0.33 0.08 n.s
Mg 1.80 £ 0.30 2.50 £ 0.28 0.27 n.s
H 047 £0.22 1.3 £ 0.01 0.15 n.s
Al 0.16 £ 0.02 0.24 £+ 0.02 042 n.s
BS 69.73 £+ 1.41 72.05 £+ 3.03 0.11 n.s
Mangrove K 0.09 £ 0.00 0.08 £ 0.00 0.16 n.s
Na 0.13 £ 0.02 0.10 £ 0.00 0.54 n.s
Ca 4.90 £+ 0.28 2.20 £ 0.70 0.02%*
Mg 097 £0.13 1.80 £ 0.30 0.31 n.s
H 0.60 £ 0.18 047 £ 0.22 0.20 n.s
Al 0.34 £ 0.03 0.16 £+ 0.02 0.17 n.s
BS 80.55 + 5.28 69.73 £ 141 0.04*

Asterisks (*) indicate significant differences between termitarium and surrounding soil, n.s significant, K potassium, Na sodium, Ca calcium, Mg

magnesium, H hydrogen, Al aluminum, BS base saturation

Table 3 Texture soil particulates of termitaria and surrounding soils across ecozones.

Vegetation types Treatment Termitarium Soil p-value
Guinea savannah Sand 74.8 + 2.02 90.50 £ 1.66 < 0.01*
Silt 8.83 £ 1.16 746 + 1.77 0.15 n.s
Clay 9.20 + 0.86 2.03 £ 0.33 0.03%*
Derived savannah Sand 73.80 £ 2.03 90.53 £ 1.61 0.049*
Silt 9.50 + 0.86 7.40 + 1.79 0.30 n.s
Clay 6.70 £ 2.88 2.04 £0.34 0.04*
Mangrove Sand 85.30 + 0.57 90.55 £ 1.60 0.81 n.s
Silt 5.00 £ 1.73 742 £ 1.71 0.36 n.s
Clay 9.70 + 2.30 2.01 £ 0.30 0.4%*

Asterisks (*) indicate significant differences between termitarium and soil, n.s not significant

Table 2). In terms of soil texture, sand had strong corre-
lation with clay (r = 0.687) and silt (r = — 0.998) under
the termitaria soils (Supplementary Table 3). In the sur-
rounding soils, sand was negatively correlated with silt
(r=—0.978) and clay (r = — 0.937). In general, the soil
chemical properties were highly correlated (r = 0.997)
between guinea savannah (GS) and derived savannah (DS).
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Similarly, high correlation of the soil chemical properties
was recorded between mangrove forest (MF) and GS
(r=0.993) and DS (r = 0.986). On the contrary, nega-
tively weak or low correlations were recorded between MF
and GS (r = — 0.364), and DS (r = — 0.134), while DS
and GS were also negatively weak (r = — 0.133) (Sup-
plementary Table 4). A further comparative correlation
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analysis between the ecozones revealed that the soil tex-
ture, the cation and base saturation were highly correlated
in both termitaria and surrounding soils (Supplementary
Tables 5 and 6).

Discussion

The results presented above confirmed earlier reports that
physicochemical parameters of termitaria soil and those of
the surrounding soil are relatively different [68]. The dif-
ference in pH, for instance, may be because of the organic
materials used or added to the clay during the building of
the nest as this could buffer the soil pH. It may also arise
from the amount of precipitation and infiltration rates
between the termitaria soil and those 50 m apart. Soil
farther (50 m) away would tend to have higher infiltration
and leaching rates than soils of the termitaria. This could
also explain the variations in other chemical properties of
the soil.

This is evidenced by the lower pH of samples from the
mangrove vegetation receiving between 2500 and
3000 mm rainfall, which favors the leaching of
exchangeable bases. Brady and Weil [13] reported that
soils from humid climates are commonly acidic with a low
soil pH, mostly because of precipitation. Precipitation and
potential evapotranspiration control soil pH variations
scales [20]. Termitaria across the various ecozones showed
significantly higher cation exchange capacity than sur-
rounding soils. This may be caused by the high clay con-
tent of the termitaria compared with the surrounding soils
in all the locations. Clay is always negatively charged and
easily attracts anions that are readily exchangeable and clay
soil acts as a magnet or attractant [39]. In this sense, ter-
mitaria has a sponge effect, sucking up anions from adja-
cent soil catena. The OC was higher in the termitaria than
the surrounding soils, especially in the derived savannah,
but TN was lower in the mangrove forest zones whether in
surrounding soils or termitaria while the available phos-
phorus across zones was higher in the termitaria. Sarcinelli
et al. [60] also found that pH and the contents of organic C
and N, P, Ca and Mg were significantly higher in mounds
than adjacent soil. In particular, Ca and perhaps Mg may be
acting as useful elements in binding or cementing organic
materials for the building of termitaria. Termite depen-
dence on dead wood, litter and grass as sources of food also
facilitates the cycling and recycling of mineral elements
and the formation of humus [65]. This is in consonance
with Dhembare [24] report that termite ingestion of soil
organic matter and returning it as fecal matter, protected
organic matter physically and chemically, forming
stable aggregates in soil. These unfailing but continuous
activities of the termites, as well as their fecal pellets mixed

with saliva, could be responsible for the higher pH and the
other soil mineral contents (organic C, N, P, Ca and Mg) in
the termitaria when compared with the surrounding soils
[60].

Mean levels of potassium, sodium, magnesium, hydro-
gen and aluminum were the same in termitaria and sur-
rounding soils across the ecozones, but base saturation was
significantly higher in surrounding soils. For soils experi-
encing such relatively high precipitation, the base satura-
tion which exceeded 80% was considered satisfactory.
Rowland [57] reported that termite excrement and fecal
residues though rich in N showed widely fluctuating nitrate
levels according to season or rainfall. Phosphorus (P) level
in soil can affect the bioavailability of P, especially if it has
been built over the years and the P fixing capacity is sat-
isfied (at soil pH of < 7.0). However, desorption of phos-
phates in the soil causes rapid increase in availability of P
in the soil. The content of sand was significantly lower in
the termitaria than the surrounding soils, while the clay
contents were significantly higher in the termitaria than the
surrounding soils across the three zones. The high clay
content in the termitaria than surrounding soils is of
importance as clay particles are negatively charged and can
attract and retain more water and nutrients than the sur-
rounding soils. Meanwhile, this is not just ordinary clay,
but a clay rich with organic matter, OC, N and Ca contents
formed through the decompositions of the organic plants’
residues by termites. This could describe why the termitaria
soil is richer in nutrients. Clays are often found in deeper
layers of soils in the tropics, but since the termites are
scavengers, they dig into the deeper layers and bring up the
clay used in building the termitaria. The activities of the
termites also help in creating the tubular pores in the soil.
Tubular pores help in creating a well aerated environment
around and within the termitaria. The termites themselves
help in recycling some nutrients as they break down some
organic used as their food and they excrete or respire. They
add some organic matter to the micro-soil environment.
Mujinya et al. [41, 42] reported somewhat higher clay
contents in termite mounds than in subsurface parts of
surrounding soils. Similarly, Dhembare [24] and Deke
et al. [23] found that termite mound soils were richer in
clay, organic carbon, copper, iron, potassium, zinc, mag-
nesium and phosphorus than surrounding soils.

The negative correlations between CEC, pH, OC, TN
and Av.P in the surrounding soils might be attributed to the
fact that the surrounding soils had high contents of sandy
particles. Thus, the CEC of the sand fraction tended to
encourage dispersion rather than aggregation [27, 30]. This
could probably be explained by the reason that the content
of clay was high in the termitaria soils; thus, the role of
clay in uniting OC, TN and CEC has been reported in
previous studies [1, 3, 30]. In agreement with our findings,

@ Springer



516

Agric Res (September 2024) 13(3):509-518

a recent study in a grassland vegetation focusing on the
interactions between soil base cations and micronutrients
reported that pH significantly correlated with CEC [50].
The soil chemical properties across the ecozones showed
negative correlations under the surrounding soils while the
relationships under the termitaria soils were positive which
might be explained by high CEC in the termitaria soils due
to substantial amount of clay and high microbial (and ter-
mites) activities [39, 64].

A close association found in the result between Ca and
BS has been previously reported by Bunt [16]. The author
in his finding concluded that Ca does not only has high
correlation with BS but accounted for the largest portion of
BS and that the high CEC revealed the potential for greater
adsorption of divalent cation. Similarly, in Alberta, base
cations including Ca, Mg, K and Na were found to have
positive correlations with CEC and BS [57]. This could be
defined by the nutrients biochemical processes which
affirm that increase in Ca, Mg and/or K in most cases
would lead to a corresponding increase in CEC if pre-
vailing environmental and anthropogenic covariates are
favorable. In the surrounding soils, sand was negatively
correlated with silt and clay. This result was consistent
with the findings by Owoade et al. [53], who reported a
high negative correlation between sand and clay in
Southern Nigeria. There have been other studies focusing
on the relationships between soil properties in different
ecozones in Nigeria and West Africa [6, 53, 55]. Signifi-
cant relationships were found between soil pH, OC, Av.P
and N under the mangrove (or coastal) vegetation and the
transitional vegetation zones in Ghana [22, 53]. In the
Loess Plateau of Northern China, correlations between soil
properties such as soil OC content and soil texture particles
were reported to be high and significant across different
vegetation types [55]. The strong relationships between soil
OC and soil texture might be explained by the reason that
OC is derived from a substantial enrichment of the soil by
organic matter which consequently has a large influence of
the soil texture. Owing to the uniqueness of termite mound
soils, many researchers have recommended their use as a
soil amendment in low-input cropping systems [25].

Conclusions

The study reveals that there are variations in the physico-
chemical composition of the termitaria soils and those
farther (50 m) away from the termitaria across the eco-
zones. Clay content was equally higher in termitaria soils
than those of the surrounding soils. Exchangeable cations
were also higher in termitaria soils than in the surrounding
soils, especially in the guinea savanna zone. Surprisingly,
exchangeable Al was also higher in termitaria soils that

@ Springer

tend to have more organic carbon and clay than the soils
farther from the termitaria. It can, therefore, be concluded
that the level of interactions between the colony and the
environment determine to a large extent the variation that
exists between termitaria soil and those of soil farther from
termitaria. Sodium, calcium, organic carbon and potassium
were also much higher in the termitaria than the sur-
rounding soils in the guinea savannah zone. This study will
promote nature conservation and enrichment of biodiver-
sity in the different ecological zones and might also support
the local and poor farmers’ decisions in growing specific
crops closer to the termitaria, especially the crops that the
require higher uptake of sodium and calcium for their
growth and yields.
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