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ABSTRACT

We characterized soil physical and chemical properties and soil organic matter in epigeal termite
mounds in pastures to evaluate the changes promoted by termites in comparison to an adjacent
area. We selected seven active epigeal termite mounds in the municipality of Seropédica, state
of Rio de Janeiro, Brazil. Soil samples were collected from top, center and base positions of each
mound, at 0.50 and 1.50 m distance from the base of the mound. We identified individuals of the
genus Embiratermes, Velocitermes, and Orthognathotermes. The humin fraction predominated
over the humic and fulvic acid fractions both in mounds and adjacent soil. The amount of organic
matter and the mineral fractions (mineral-associated organic carbon - MOC) varied among
builder species. The studied chemical attributes point to a higher concentration of nutrients in
the mounds than in the adjacent soil.
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1. INTRODUCTION

The invertebrate biota of the soil is considered
important due to its participation in several soil
processes. Some groups have special importance,
such as termites, which are a dominant group in
the tropical fauna (Constantino, 2002) both in open
vegetation and tropical rainforests, where they play an
important role in nutrient cycling and soil formation
(Cancello & Schlemmermeyer, 1999). Many species
build large and complex mounds, which may harbor a
rich associated fauna, including other termite species,
arthropods, and even vertebrates (Constantino, 1999).
Some types of termite mounds may reach high density
(Lima-Ribeiro et al., 2006). The volume and the number
of termite mounds vary considerably depending on
the termite species and environmental conditions
(Bezerra-Gusmao et al., 2011).

The activity of termites in the soil and the high
density of their population have a significant effect
on soil properties and processes (Holt & Lepage,
2000). Termites transform the soil through faunal
pedoturbation processes, such as the construction
of galleries, tunnels, and mounds, where particles
of minerals and organic matter are moved from
different soil depths in large quantities (Jouquet et al.,
2011; Adekayode & Ogunkoya, 2009; Sarcinelli et al.,
2009). Such activities result in changes in ecosystem
dynamics through modification, maintenance, or
creation of habitats for other organisms (Jouquet et al.,
2006; Lavelle et al., 1997). Therefore, termites are
considered “ecosystem engineers” (Jouquet et al., 2006;
Dangerfield et al., 1998).

One of the main effects of termites on ecosystems is
their role in the reduction of soil density and horizontal
transport of materials through bioturbation, as well
as the subsequent destruction of their constructions
(Jouquetetal.,2011). After the destruction of the mound,
the material of the termite mound is redistributed
through erosion and affects soil fertility (Sarcinelli et al.,
2009; Schaefer, 2001; Lee & Wood, 1971). In addition,
even active mounds can add nutrients to the soil
(Rickamp et al., 2012).

The influence of termites is not restricted to their
mounding and foraging area. The movement of material
occurs both inside the mound and in the surrounding
soil (Rickamp et al., 2012). Even species that do

not ingest soil move particles because they mix soil
particles with saliva with their mandibles to build their
mounds (Sarcinelli et al., 2009). Estimates carried out
based on the diameter and height of epigeal mounds
show that, during mound construction, the termites
transport large volumes of soil, which vary from
4-11m’ha'(Oliveiraetal.,, 2011) to 7.5 m*ha" year" or
13.0 tha! year of soil from deeper layers to the surface
(Sarcinelli et al., 2009). These estimates corroborate
the role of termites in the transport of material that
results in changes in soil properties.

The impact of termites on the soil chemical properties
is poorly known, especially considering different mound
sections (top, center, and base) compared to the adjacent
soil. Sarcinelli et al. (2009) compared internal sections
of epigeal mounds with samples of adjacent areas and
assessed their physicochemical properties. Oliveira et al.
(2012) assessed changes in physicochemical properties
of epigeal mounds compared to soil samples of adjacent
areas as well. These authors considered a mound
subdivided in top, center, and base and compared it
to the adjacent soil within a radius of 1.5 m from the
base of the epigeal mound. Pinheiro et al. (2013) also
carried out studies considering mound sections and
assessed the chemical and biological properties of the
material, but they did not report the distance from
the base of the epigeal mound where they sampled
the soil. In spite of the differences in the properties
assessed, as well as in the distance from the base of
the mound where samples were collected, all authors
reported differences between the mound and the
surrounding soil. However, it is important to advance
the knowledge of these alterations and their extension
to the soil surface. The objective of the present study
was to characterize the physical and chemical soil
properties and the organic matter of termite epigeal
mounds in a pasture and to evaluate the changes made
by termites compared to an adjacent area.

2. MATERIAL AND METHODS

The study area was a 1-ha pasture on a Planossolo
Haplico (Santos et al., 2013) located in the municipality
of Seropédica in the campus of the Federal Rural
University of Rio de Janeiro (UFRR]) (22°46’59” S,
43°40’45” W, at 33 m a.s.l.). The climate of the region
is Aw in Koppenss classification, characterized by two
well-defined seasons: a cold and dry season from
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April to September and a warm and rainy season from
October to March.

In the first fortnight of November 2012, we picked
up mounds randomly, observing mound vigor. We broke
the mound partially with an iron digger tool in the
search for termites. In seven mounds, we collected
soil samples at 0.50 and 1.50 m distance from the base
of each mound and at the 0.0-0.05 and 0.05-0.10 m
soil layers. Four composite samples per mound were
obtained. In the epigeal part of the mound, samples were
taken from top, center, and base sections following that
sequence. Each sample consisted of material from the
external and internal sections of the mound. During
sampling, we collected termites of several species and
all castes and placed them in alcohol 80%. Specimens
were identified at genus level using taxonomic keys
(Constantino, 1999; Cancello, 1989; Mathews, 1977).
Soil and mound samples were air dried, grounded and
sieved through 2-mm mesh sieves, to perform physical
and chemical analysis following Donagema et al.
(2011) methods.

2.1. Soil physical and chemical analysis

Particle size analysis of soil and mound samples
was performed by the Pipette method, and pH in water
in the ratio 1: 2.5 (soil: water); Ca** and exchangeable
Mg** extracted with KCI 1 mol L' were analyzed by
titration; P and K* extracted by the Mehlich-1 method
were analyzed by colorimetry (P) and flame photometry
(K*) Donagema et al. (2011). We characterized organic
matter through grain-size fractionation (Cambardella
& Elliott, 1992) and by chemical fractionation (Swift,
1996), following a modified technique from Benites et al.
(2003).

2.2. Statistical analyses

The averages of treatments (top, center, base,
distance 0.50 and 1.50 m) were statistically analyzed
using a fully randomized design, and the Lilliefors and
Cochran and Bartlet tests were used to assess normality
and homogeneity of variance, respectively, in the
SAEG 5.0 software (Ribeiro, 2001). After verification
of attendance to assumptions, the data were submitted
to an analysis of variance (ANOVA), and the average
values were compared with a Bonferroni t test (o = 5%)
in the SISVAR software (Ferreira, 2008).

3. RESULTS AND DISCUSSION

3.1. Termite identification

The structure of the mounds was homogeneous in
terms of construction material, i.e., we did not observe
inside them a more friable internal section, also named
carton, in comparison to an external harder section.
We identified individuals of the genera Embiratermes
(three mounds), Velocitermes (two mounds), and
Orthognathotermes (two mounds), one of which
cohabited the mound with Embiratermes. These genera
are commonly observed cohabiting in mounds within
pastures of other builder species, such as Cornitermes
snyderi and Cornitermes cumulans (Lima et al., 2011;
Cunha & Morais 2010), but only Orthognathotermes
does not build mounds (Constantino, 1999).

Only mounds habited by termites of the genus
Velocitermes were particularly friable, and therefore
easily breakable. According to Oliveira (2013),
Velocitermes heteropterus is an exception in terms of
how this species builds mounds, as other species in
diffuse galleries in the soil or in termite mounds of
other species, especially of the genus Cornitermes.

3.2. Texture

Soil particle size distribution in mounds showed
similar clay concentration on top, center, and base
sections. In change, clay concentration was significantly
(P <0.05) higher in mounds than in samples of adjacent
soil for all depths and distances (Table 1). The total sand
fraction did not differ among mound sections either,
but the mounds showed significantly (P < 0.05) lower
sand contents (mainly fine and coarse fractions) than
the adjacent soil, with no differences between distances.
Slightly, although significantly (P < 0.05) higher sand
contents were observed in the center of mounds, with
greater differences from mound to adjacent soil at the
0.0-0.05 m soil layer.

The coarse sand fraction did not differ among
mound sections, but mound sections showed smaller
values than the adjacent soil, at the 0.05-0.10 m soil
layer and at both sampling distances (Table 1). This
may indicate a selection of smaller particles by mound-
building termites. In pastures of the state of Tocantins,
Oliveira etal. (2012) also observed higher clay contents
in mounds of the genus Procornitermes. Unlike them,
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Table 1. Composition of termite mounds and adjacent soil.

Clay Total sand Fine sand Coarse sand Silt
Treatments Texture class
gkg!
Depth 0.0-0.05 m
Top 362a 354b 174 ¢ 180 bc 283a Clay-loam
Center 364a 365b 182 bc 181 bc 271a Clay-loam
Base 38la 333b 165 ¢ 167 ¢ 285a Clay-loam
50 cm 238b 464 a 248 a 215 ab 297 a Loam
150 cm 295ab 451a 248 ab 225a 252a Sandy-clay-loam
CV% 19.11 10.66 15.15 13.79 18.55
Depth 0.05-0.10 m
Top 362a 354 b 174 bce 180 b 281a Clay-loam
Center 364a 364 b 182abc 181b 271a Clay-loam
Base 381la 332b 165 ¢ 167 b 285a Clay-loam
50 cm 275b 478 a 217 ab 26la 245a Sandy-clay-loam
150 cm 290 b 472 a 227a 245a 237a Sandy-clay-loam
CV% 10.8 10.66 13.88 14.83 1421

Mean values (7 replicate) followed by the same letter within columns are not significantly different according to Bonferroni test

(P <0.05).

Kaschuk et al. (2006) observed similar clay contents
in mounds of Cornitermes cumulans, Cortamitermes
fuviceps, and Neocarpritermes opacus, and the adjacent
soil in a study conducted in the state of Santa Catarina.

A higher concentration of clay in mounds in
comparison with the adjacent soil is probably the
result of the preference of termites for finer particles
as cement for building their mounds (Donovan et al.,
2001). In our study, clay and sand seemed to be used
almost in the same proportion, whereas silt was used
in lower proportion. This is a different pattern than
that found by Oliveira et al. (2012), who observed
higher proportions of sand and silt than that of clay
in the mounds. This difference is probably explained
by the builder species which determine the material
used, however, assertions related to particle size are
still scarce.

3.3. Characterization of the sorption complex

Soil pH values were significantly (P < 0.05) higher
on the top of mounds than on their base sections.
This could influence the adjacent soil at the 0.0-0.05 m
layer. This fact is also evidenced by the pH-values at
the depth 0f 0.05-0.10 m (Table 2). The influence of the
mound on soil acidity is also shown by Al** concentrations
in accordance with the pH values. The higher acidity
of the base is in agreement with a higher percentage
of Al** (P < 0.05) (Table 2). Oliveira et al. (2012) also

observed higher pH values on the tops of termite

mounds.

We did not observe significant differences in
Ca*? content among mound sections, but Ca*? values
were higher in the mounds (P < 0.05) than in the adjacent
soil. However, there was a similarity in Ca* values
between the mound and the adjacent soil at 0.50 m
from the mound at both depths, which could indicate
an influence of the mound on the soil. Ata distance of
1.50 m, though, the Ca*? values were significantly lower
than those of the mound sections (Table 2). We observed
a small difference in Mg*™ and K* contents (P < 0.05)
among mound sections; Mg** values were higher in
the center, whereas K* values were higher in the base
(Table 2). We observed a similarity in the content of
these nutrients in the adjacent soil, which indicates a
possible influence of the mound at 0.0-0.05 m below
ground and at 0.50 m from the termite mound. K* is
easily translocated, and although Mg** does not have
the same mobility as K*, it showed the same pattern.
Our results are similar to those observed by Oliveira et al.
(2012) and Sarcinelli et al. (2009). Other authors who
studied the influence of mounds of Trinervitermes
on soil fertility in Burkina Faso, western Africa, have
also observed that the values of exchangeable cations
(Ca*?, Mg** and K*) changed in the adjacent soil, with
an enrichment in Mg* and K* contents and lower
values of Ca*? (Brossard et al., 2007).
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Table 2. Chemical attributes of termite mounds and adjacent soil in a pasture.

Al H+Al Ca*? Mg+ K* S Value T Value % Al

Treatments pH

cmolc kg?!
Depth 0.0-0.05 m
Top 55a 02c¢ 10.22ab  1.32a 1.87ab 0.03ab 3.39a 13.6la 6.71b 17.98a
Center 52ab  03bc 1149a 1.32a 221a 0.03ab 3.70a 16.21a 9.28b 19.90a
Base 48b 09ab 13.02a 1.17 a 1.87ab  0.04a 319a 1520a 26.14ab 21.02a
50 cm 4.9 ab 0.7abc  6.75b 0.68ab 1.22bc 0.02bc 2.03b 8.78b 24.42ab 5.06b
150 cm 5.2 ab 1.0a 6.52b 0.45b 1.07 ¢ 0.01c¢ 1.62b 8.15b 3871a 2.96 b
CV% 8.14 60.43 25.86 41.68 27.67 39.67 24.84 22.33 56.17 30.91
Depth 0.05-0.10 m
Top 55a 02b 10.22ab  1.33a 1.87ab 0.03ab 3.18a 13.60a 6.71b 17.97a
Center 52ab 03b 11.49 a 1.33a 221a 0.04a 370a 15.20a 9.28b 1990 a
Base 4.8b 09a 13.02 a 1.17 a 1.87ab  0.04a 3.18a 16.21a 26.14a 21.03a
50 cm 54a 0.6 ab 6.66 b 0.72ab 123 ¢ 0.03ab  2.06b 873b 21.71ab 4.54b
150 cm 5.3 ab 09a 6.23b 0.45b 1.27bc  0.01b 1.85b 8.08b 3343a 241b
CV% 7.03 53.63 26.2 42.37 22.47 46.82 23.2 22.69 49.61 32.15

Mean values (7 replicate) followed by the same letter within columns are not significantly different according to Bonferroni test
(P <0.05).

Phosphorus did not differ among mound sections, ~ Table 3. Total organic carbon (TOC), particulate
but it was the nutrient that most differed between the ~ ©rganic carbon (POC), and mineral-associated organic
carbon (MOC) of termite mounds and adjacent soil in

termite mound and the adjacent soil, with higher values
a pasture area.

in the mound than in the soil. Although there was no
TOC POC MOC

significant difference, the P values at the distance of Treatment "
0.50 m were almost the double of the values at 1.50 m A
from the mound, which indicates the influence of th Sl

rom the mound, which indicates the influence of the Top Mo BAEEn W17l
mound on its adjacent soil (Table 2). Riickamp et al. Center 21082 27822 33292
(2010) quantified and systematized phosphorus forms Bhee 2137a  2786a  3140a
in different sections of termite mounds (exterior wall, 50 cm 18.72 a 18.12a 20.02 be
internal wall, and center) of different trophic guilds 150 cm 18.19a  1467a  19.06¢
and soils in seven Brazilian ecosystems and concluded CV% 18.19 47.21 20.62
that termite activity results in a gross enrichment of Depth 0.05-0.10 m
phosphorus in labile form in nets, and the composition Top 20562 2499a _ 28.17ab
of P in termite constructions is reflected in their diet. C;nter ig: a z;:z a z?iz 4

. i . ase 37a 86a A40a

According to Oliveira et al. (2012), the higher amount

£P i . ds than in the adi 11 50 cm 20.40 a 16.96 a 17.27 ¢
of P in termite mounds than in the adjacent soil is 150 cm 17463 1592a  18.85bc
related to the amount of clay used in their construction, CV% 20,46 45.71 23.41

which hinders the loss of P available. Mean values (7 replicate) followed by the same letter within

columns are not significantly different according to Bonferroni
3.4. Total organic carbon and grain-size test (P <0.05).
fractionation of soil organic matter (SOM)

accumulation, which would consequently result in a

Total organic carbon (TOC) values observed in . .
) ) : higher content of organic carbon. The results observed
termite mound sections varied from 20.56 to 21.37 gkg™!,

which did not differ from each other or from the adjacent in the present study differ from Sarcinelli etal. (2009),

soil (Table 3). The mounds occupied by the termites of who observed a higher carbon content in the mounds
the genus Embiratermes had a homogeneous structure, of Cornitermes than in the adjacent soil. This difference
which was denser than those occupied by Velocitermes; ~ may be related to the builder species: the mounds of

both mounds showed no central area and material ~ Cornitermes are characterized by a friable part in
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their interior (carton) and have high organic carbon
values. Many authors have observed higher carbon
concentration inside mounds than in the adjacent soil
(Bezerra-Gusmao et al., 2011; Sarcinelli et al., 2009;
Holt & Lepage, 2000; Lee & Wood, 1971), and also
between the soil below and surrounding the mound
(Rickamp et al., 2012).

The values of particulate organic carbon (POC)
did not differ among mound sections. This similarity
was also observed between mounds and adjacent
soil at both depths. However, the high values of the
variation coeflicient of the POC pointed to a difference
between sampling sites. Conversely to POC, the values
of mineral-associated organic carbon (MOC) were
higher in the mounds than in the adjacent soil at
both sampling depths; the base and center showed the
highest difference between the mound and adjacent
soil at both sampling distances. We did not find in
the literature studies on the carbon of granulometric
fractions of organic matter in epigeal mounds, or on
the amount of this carbon in mound sections and the
relationship of mound sections and the adjacent soil.
However, we could observe that the average POC and
MOC values in the soil adjacent to mounds were higher
than those found in pastures without epigeal mounds
(Carmo et al., 2012) in Red Latosols.

3.5. Chemical fractionation of the soil organic
matter (SOM)

We observed that the carbon of the fulvic acid fraction
(C-FAF) did not differ among mound sections (top,
center, and base). However, we observed a significant
difference (P < 0.05) between mound sections and the
adjacent soil at both sampling distances (0.50 and 1.50 m
from the base), which were statistically similar to each
other (Table 4). The values observed in the mounds
were similar to those observed by Pinheiro et al. (2013)
in a hilly landscape in spring. In summer, autumn, and
winter, these authors observed a decrease in the values
in mound sections, which equaled those of the adjacent
soil in summer and winter. The values observed in the
soil by Pinheiro et al. (2013) were smaller than ours,
especially at 0.50 m from the mound.

The average carbon values in the humin fraction
(C- HUM) did not differ significantly among mound
sections (Table 4). Following the same pattern observed
in the fulvic and humic fractions, the values in mounds

Table 4. Carbon of the fulvic acid fraction (FAF), humic
acid fraction (HAF), and humin fraction (HUM) of
termite mounds and adjacent soil in a pasture area.

C-FAF C-HAF C-HUM
Treatment
gkg!
Depth 0.0-0.05 m
Top 591 a 13.71a 23.83a
Center 434a 10.88 a 23.33a
Base 5.07 a 10.69 a 26.07 a
50 cm 2.27b 330b 1297 b
150 cm 1.5b 1.76 b 9.83 ¢
CV% 17.14 17.90 9.58
Depth 0.05-0.10 m
Top 591a 13.71a 2383 a
Center 434 a 10.88 a 2333 a
Base 5.07a 10.69 a 26.07 a
50 cm 1.82b 2.48 b 12.54b
150 cm 1.45b 2.08b 791b
CV% 14.37 16.30 10.41

Mean values (7 replicate) followed by the same letter within
columns are not significantly different according to Bonferroni
test (P < 0.05).

differed from the adjacent soil at both depths and
distances (P < 0.05). In the study by Pinheiro et al.
(2013) the values of humin fraction in the mounds
in all seasons were higher than those observed in the
present study, varying from 42.86 g kg (autumn) to
68.06 gkg! (winter), whereas the values of the adjacent
soil were more similar to those of the present study.

We observed a predominance of the humin fraction
(C-HUM) compared to the humic and fulvic acid
fractions both in mound sections and in the adjacent soil.
This pattern was observed by other authors who studied
the mound and adjacent soil in pastures (Pinheiro etal.,
2013) and soils under different management regime
(Fontana et al., 2006). The stable fractions of the
SOM, denominated humic fractions, can be viewed as
products of chemical and biological transformations
of plant and animal matter, as well as of the activity
of soil microorganisms (Primo et al., 2011), and they
were considered indicators of processes and degree of
humification of the SOM (Nascimento et al., 2010).

4. CONCLUSIONS

The studied epigeal termite mounds showed the
same proportion of clay and sand on top and base
sections, although there is higher clay content in
mounds than in the adjacent soil.
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The builder species influenced the amount of
organic matter and mineral-associated organic carbon.

The analysis of the chemical properties of the
mounds showed that the concentrations of nutrients
are higher in the mounds than in the adjacent soil.
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