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ABSTRACT: Termites have peculiar activities in the soil, inducing significant changes
in the soil properties. The objective of this study was to assess physical and chemical
properties and soil organic matter to evaluate the effect of termite activity and termite
mounds on the soil. Two toposequences were selected and divided in slope thirds
(shoulder, backslope, and footslope). In each of these, four termite mounds were selected.
Samples were taken from the soils and termite mounds (top, center, and base) along
with a variety of termites for identification. Analyses were carried out for physical, soil
texture, and chemical properties, as well as for particle size and chemical fractioning of
organic matter. The species Cornitermes cumulans was found in all mounds. Soil with
termite mound presented higher clay content, acidity, and AP** content. Phosphorus
contents differed considerably between mound material and soil. Sum of bases and
cation exchange capacity of the soil were higher in mounds, and differed within the
mounds, according to the sampling height. Total organic carbon and particulate carbon
content were highest at the mound base. A marked disparity was observed between the
contents of humic substances in the mounds and surrounding soil, with humin fraction
differences in distinct topographic position. The high nutrient contents detected in the
termite mounds confirm the importance of termites in concentrating nutrients.
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INTRODUCTION

The soil is the habitat of a wide diversity of invertebrate organisms, among these some
specific groups induce changes that contribute to a wide range of essential benefits for
the sustainability of natural and managed ecosystems (Barrios, 2007). At larger scales,
ecosystem services are delivered through the functioning of self-organized inter-nested
systems (Lavelle et al., 2016). Representatives of the invertebrate macrofauna such as
termites, ants, and worms, the so-called “soil engineers” (Jones et al., 1997; Jouquet et al.,
2006, 2014; Bottinelli et al., 2015), are the most comprehensively studied, due to their
dominant abundance and biomass in temperate and tropical soils (Jouquet et al., 2014).
These species can have major impact on soil dynamics and ecosystem functioning through
their biogenic structures that can alter soil physical properties, create niche opportunities
for a variety of organisms, and control their activities through physical and biochemical
processes (Jouquet et al., 2015; Lavelle et al., 2016).

Termites play an important ecological role in many ecosystems, particularly in nutrient-poor
environments (Avitabile et al., 2015). Therefore, they have been addressed in studies
in different parts of the world, considering the impact of their activities on the soil, as
well as their constructions. At the landscape scale, termite activities play a key role in
the distribution of resources (Jouquet et al., 2004) through physical changes in biotic
or abiotic materials (Ferreira et al., 2011). On a smaller scale, especially in the tropical
savanna, termites are known to significantly influence soil properties (Rickamp et al., 2012)
with the construction of their nests (termite mounds) (Fall et al., 2001). Furthermore,
termites are known to influence the soil physical, chemical, and biological properties,
water dynamics (Jouquet et al., 2016) and decomposition of organic matter, accelerating
recycling by the facilitation of microbial activity (Jouquet et al., 2006).

Although tropical termites are able to live in either wood or soil, most of them are found in
the soil, mainly in dry areas (Echezona and Igwe, 2012), and are fundamental for tropical
ecosystems (Hausberger and Korb, 2016). These invertebrates promote bioturbation, a
largely physical process that mainly involves changes in soil texture but can also affect
other soil properties (Obi and Ogunkunle, 2009). In addition, different kinds of termites
may have strongly divergent effects on the availability of soil nutrients and the vegetation
growing on these soils, as a result of differences in the structure and functioning of the
mounds (Gosling et al., 2012).

Most of the termite mounds are sites of high nutrients contents. Redistribution of this
material to the soil surface depends on soil erosion, translocation of nutrients from
occupied and unoccupied mounds, and the nature of the species (Holt and Lepage, 2000;
Rickamp et al., 2009). As long as intact, mounds often have a particularly dense waterproof
surface (Jouquet et al., 2004). Different parts of the mounds usually have distinct ecological
functions. The role of the outer wall is to protect the mounds from rain and predators,
while the inner wall has a defense function and is mostly inhabited by soldier termites
(Ruckamp et al., 2010). Moreover, there are reports on a higher content of organic matter
in the interior of the termite mounds than in the surrounding soils (Peres Filho et al., 1990;
Holt and Lepage, 2000; Sarcinelli et al., 2009; Bezerra-Gusmao et al., 2011).

In Brazil, termite mounds are abundant, especially in areas converted to pasture
(Ruckamp et al., 2009). The presence of termites is commonly associated with soil degradation,
declining fertility, and mainly increased soil acidity levels. However, in a study by Lima etal. (2011),
none of the analyzed degradation indicators confirmed any relation between the amount of
termite mounds and the degree of pasture degradation. Despite this progress in the knowledge
of the abundance of species that build epigean mounds such as C. cumulans, little is known
about the impact of termite activities on the ecosystem. Considering the hypothesis that
termite mounds accumulate nutrients and can favor the surrounding area, this study assessed
the physical and chemical properties and organic matter of the soil in order to examine how
termite activity and mounds affect the soil in the toposequence area.
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MATERIALS AND METHODS

The study area was located in the municipality of Pinheiral, in a sub-basin of the Cachimbal
creek (latitudes 22° 33" S - 22° 38’ S, longitudes 43° 57" W - 44° 05’ W), on the right
bank of the Paraiba do Sul river, in a region known as Medio Paraiba Fluminense with
the topographic designation Mar de Morros. The local weather, according to Képpen and
Geiger (1938), is Am, a rainy tropical climate, monsoonal, with dry winters. The soils were
classified as Inceptsol (Cambissolo Haplico). The area is part of the ecological domain of
the Atlantic Forest, with a Lower Montane Rain Forest vegetation type, at an altitude range
between 300 and 800 m. The soil in the region consists of unmanaged pastures of species
such as Paspalum notatum, and a few native leguminous species. The soil of the area is in
different stages of degradation, and inhabited by a large number of termite populations.

Initially, two toposequences characterized by the occurrence of mounds were selected.
Each toposequence was divided in shoulder, backslope, and footslope (slope thirds).
In each of these sections, four termite mounds were selected for soil sampling according
to their external appearance, based on their vitality and the surrounding areas. The mound
vitality was evaluated for the presence of termites with an iron digger. Subsequently,
the soil around the mounds was sampled. Single samples were collected from around
each nest (layers 0.00-0.05 and 0.05-0.10 m), at distances of 0.50 and 1.50 m from the
mound base, the same as used in other studies (Kaschuk et al., 2006; Sarcinelli et al.,
2009; Joseph et al., 2013; Sarcinelli et al., 2013). Per mound, a total of four samples
were retrieved from the surrounding soil (Figure 1).

Soil samples from the mounds were also taken, air-dried, crumbled, and sieved (2.0 mm
mesh) to obtain air-dried fine earth. The analyses for physical (soil particle size by the pipette
method) and chemical (water pH, Ca** + Mg**, A**, K*, Na*, H+Al, and P) soil properties
were performed as described by Donagema et al. (2011). Organic matter was characterized
based on particle size (Cambardella and Elliott, 1992) and chemical fractionation (Swift,
1996), by the technique proposed and modified by Benites et al. (2003).

Data were analyzed using a statistical model for stratified plots in a randomized block design,
in which the blocks were represented by the toposequences. For data analysis, the sample
points were labelled according to location (mound top, center, and base, and 0.50 and 1.50 m
away from the mound). At first, the data were subjected to analysis of variance to investigate
the fundamental premises of analysis of variance, i.e., normality and homoscedasticity of
variance, by the Shapiro-Wilk and Bartlett tests, respectively. In a new analysis, the means
of the factors indicating significant differences were compared by the Scott-Knott test at 5 %
probability, using the statistical software R, version 3.1.1 (R Development Core Team, 2015).

ﬂ |:| ——> Sampling positions
|:| Top

|:| Center

Base

|:| —50.50m 150m «——

Figure 1. Sampled sections of a termite mound (top, center, and base) and the adjacent soil at
two distances and depths.
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RESULTS AND DISCUSSION

In toposequence 1, all termite mounds were constructed by the species C. cumulans.
This group was predominant in all mounds, except in one on the backslope, from which
individuals of the genus Velocitermes sp. were also collected. In toposequence 2, all
mounds were built by species C. cumulans as well, which was the dominant species
(Table 1). However, in two termite mounds, four termite genera cohabiting in the mound
top were observed.

The termite genera identified in this study are commonly observed in pastures, especially
C. cumulans, which has been considered an ecological key species, owing to its abundance
in some areas. Moreover, termite mounds shelter many fauna species and sustain some
plants that can reproduce and develop within and in the surroundings of the constructions
(Redford, 1984). The dominance of this species in the construction of mounds was an
advantage for data comparison in this study, since their mounds have the same structural
characteristics, aside from the similar feeding habits and similar behavior between sites.

Particle size analysis indicated that the average total sand in adjacent soils was similar
at both sampled distances (0.50 and 1.50 m) from the mound base, and higher than
the mean contents of the termite mound sections (top, center, and base). However, the
mean total sand contents did not differ among the sections. This pattern was observed
for both soil layers (Table 2). Similar results were observed for the sand fractions,
where the fine sand and coarse sand contents, regardless of the sampling layer, were
higher (p<0.05) in the adjacent soil than in any mound section. Contrary to the pattern
observed for the clay and sand fractions, the average values of the silt fraction did not
differ between the mound sections and adjacent soil, regardless of the sampling layer.
The mean values of the clay fraction indicate that the mounds contain a high content of
this fraction, which is uniformly distributed in constructions, differing from the pattern
observed in the adjacent soil, regardless of the distance from the mound base, indicating
that termites prefer fine particles for mound building.

The results of this study corroborate those of Peres Filho et al. (1990) and Sarcinelli et al. (2013),
who found higher clay contents in mounds than in soils at different sampling distances.
A higher clay content in mounds was also reported by Oliveira et al. (2012), but not for the
other fractions. Contrary to the findings of these authors, Kaschuk et al. (2006) observed

Table 1. Genera identified in termite mounds in slope thirds of toposequences

Toposequence 1 Toposequence 2
Shoulder
C. cumulans C. cumulans +Labiotermes b+ Subulitermes m.+Velocitermes sp.
C. cumulans C. cumulans +Labiotermes b+ Subulitermes m.+Velocitermes sp.
C. cumulans C. cumulans
C. cumulans C. cumulans
Backslope
C. cumulans Velocitermes sp.
C. cumulans C. cumulans
C. cumulans C. cumulans
C. cumulans+Velocitermes sp. C. cumulans
Footslope
C. cumulans C. cumulans
C. cumulans C. cumulans
C. cumulans C. cumulans
C. cumulans C. cumulans
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Table 2. Textural composition of termite mounds and their adjacent soils, in the Mar de Morros
region, municipality of Pinheiral, Rio de Janeiro State

Soil Total sand Fine sand Coarse sand Silt Clay
g kg®
Layer 0.00-0.05 m
Top 333b 9 b 233 b 227 a 438 a
Center 328 b 108 b 220 b 229 a 445 a
Base 312b 100 b 212 b 238 a 449 a
0.50 m 607 a 156 a 450 a 223 a 169 b
1.50 m 609 a 162 a 446 a 229 a 161 b
CV % 7.54 16.16 10.84 10.26 8.12
Thirds
Top 438 a 121 a 302 a 249 a 318 a
Center 441 a 132 a 318 a 228 a 330 a
Base 438 a 122 a 317 a 211 a 349 a
CV % 2.05 9.82 5.18 11.52 3.82
Layer 0.05-0.10 m
Top 332b 9 b 233b 227 a 438 a
Center 328 b 108 b 220 b 229 a 445 a
Base 312b 100 b 212 b 238 a 449 a
0.50m 604 a 166 a 438 a 215 a 180 b
1.50m 602 a 165 a 437 a 214 a 183 b
CV % 6.85 8.01 10.15 11.64 7.00
Thirds
Top 438 a 131 a 30.67 a 244 a 319a
Center 442 a 128 a 3142 a 220 a 337 a
Base 427 a 124 a 30.35a 210 a 361 a
CV % 4.92 21.05 13.33 10.48 7.34

Total sand, fine sand (0.05-0.20 mm), coarse sand (0.20-2.0 mm), silt (0.002-0.05 mm), and clay (<0.002 mm)
were determined by the pipette method (Donagema et al., 2011). Averages followed by the same letter, in
the same column, did not differ from each other by the Scott-Knott test (p<0.05).

no differences between the clay contents in mounds and the surrounding soils. According
to Ackerman et al. (2007), the clay contents were lower and silt and sand contents higher
in mounds than in the surrounding soils. Although there is still no consensus among
authors about how termites select the soil particle size, according to Donovan et al.
(2001), the higher clay contents in mounds than in surrounding soil probably results from
the preference for fine particles for the construction of termite mounds.

With respect to the nutrient content in the various mound sections, the highest nutrient
content was generally observed at the base (Table 3). This pattern can be explained by
the fact that all mounds of the toposequences were constructed by the same species,
C. cumulans, and mounds of these species are characterized by the accumulation of large
amounts of plant material at the mound base (Sanchez et al., 1989). The average pH(H,0)
values for soils (0.00-0.05 m layer) were higher (p<0.05) than in the mounds, while these
values did not differ between the top, center, and base sections. However, when the
average pH of mound material was compared with that of soils in the 0.05-0.10 m layer,
there was no significant difference between the adjacent soils and mound sections.

The APP* contents differed (p<0.05) between mound sections in the 0.00-0.05 m layer.
Highest values (p<0.05) were observed in the center and base sections, while the value
observed in the top section was comparable to that of the soils, which did not differ
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Table 3. Chemical properties of termite mounds and surrounding soils in the 0.00-0.05 and 0.05-
0.10 m layers, Mar de Morros, municipality of Pinheiral, Rio de Janeiro State

Soil pH(H,0) AP* H H+Al % Al P
cmol kgt ——— mg kg™
Layer 0.00-0.05 m
Top 5.45b 0.05b 5.63b 5.68 b 0.15b 0.06 a
Center 5.39b 0.07 a 5.61b 5.69 b 0.22 a 0.05a
Base 532b 0.07 a 6.94 a 7.02 a 0.17b 0.11a
0.50 m 5.62 a 0.04 b 4.94 c 4.98 c 0.23a 0.00b
1.50m 5.64 a 0.04b 4.76 c 4.80 c 0.25a 0.00b
CV % 2.89 29.79 8.05 8.49 21.82 30.23
Thirds
Top 5.50a 0.05a 5.82 a 5.87 a 0.20 a 0.03 a
Center 545a 0.05a 551a 5.56 a 0.20 a 0.0la
Base 549 a 0.06 a 5.40a 547 a 0.22 a 0.01a
CV % 1.03 11.54 10.73 7.69 13.40 51.73
Layer 0.05-0.10 m
Top 5.45 a 0.05a 5.63b 5.68 b 0.15b 0.06 a
Center 5.39a 0.07 a 5.61b 5.69 b 0.22 b 0.05a
Base 5.32a 0.07 a 6.94 a 7.02 a 0.17b 0.11a
0.50 m 5.40 a 0.06 a 512b 5.18 b 0.48 a 0.00b
1.50m 5.39a 0.07 a 5.08 b 5.15b 0.62 a 0.00b
CV % 2.01 31.27 7.94 7.84 58.49 9.36
Thirds
Top 541a 0.06 a 5.88 a 5.94 a 0.26 a 0.07 a
Center 533a 0.07 a 5.68 a 5.75a 0.47 a 0.03a
Base 542 a 0.07 a 5.47 a 5.54 a 031a 0.03 a
CV % 1.19 24.62 9.01 8.95 73.47 14.28

pH(H,0): pH in water, v/v 1:2.5; AI** extracted with 1 mol L™ KCI; H+Al: determined by calcium acetate at pH
7.0; P extracted by Mehlich-1 (Donagema et al., 2011). Averages followed by same letter, in the same column,
do not differ from each other by the Scott-Knott test (p<0.05).

between the sampled distances. In contrast, for the 0.05-0.10 m layer, no difference
was found between mound sections and surrounding soil. In contrast to these findings,
Sarcinelli et al. (2009) observed lower AP* values in the adjacent soil than in the mounds.
According to these authors, the lower AP** contents in mounds than in surrounding soils
are due to the complexation of soil organic matter and AP** precipitation.

With regard to the chemical variables related to acidity, the average values for H+Al,
which represent the potential soil acidity, were higher (p<0.05) at the mound base,
differing from the top and center sections. These values were still higher than those
of the 0.00-0.05 m soil layer. In the 0.05-0.10 m layer, the analysis showed that H+Al
values were higher in the soil, but only equivalent to those observed in the mound top
and center, which are lower than at the mound base. In the 0.00-0.05 m layer, the AP**
content (%) in mounds differed between sections, and was higher in the center (p<0.05)
than the mound top and base. The same was observed in the soils at both distances.
However, in the 0.05-0.10 m layer, there was no difference between the mound sections,
unlike in the soil, where values were higher (p<0.05) than in the mounds. The higher
coefficient of variation of this property compared to the others mentioned reflects the
greater inconstancy of the values. According to Oliveira et al. (2012), the top of the
mounds (external part of the top section) is more resistant due to the incorporation of a
larger quantity of saliva during construction; as a result, higher pH values are observed
in this section. Even termites that do not ingest soil, they mix soil particles with saliva
with their jaws for the construction of the outer mound walls (Sarcinelli et al., 2009).
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In both layers, the P contents did not differ among the mound sections and were higher
(p<0.05) than those in the soil at both sampling distances. As with all the other properties
listed above, there was no difference between the respective means of the topographic position
of the slope thirds. In a comparison of the P contents in termite mounds and surrounding
soil, Ackerman et al. (2007) stated no difference between nutrient contents. The P content
is generally higher in mounds of termites that feed on grasses than in the adjacent soils,
which is probably due to the incorporation of feces in the mound material (Lopez-Hernandez
etal., 2006). According to Riickamp et al. (2010), P levels vary between the different mound
sections. These authors observed gradients in P composition between the different parts of
Cornitermes sp. mounds. However, Oliveira et al. (2012) report that the higher P content in
mounds is related to the amount of clay in the construction, preventing the loss of available P.

The levels of Ca** in the mound base were higher (p<0.05) than those in the mound top
and center and in the adjacent soils, at both distances from the base, in the 0.00-0.05 m
layer. The top and center contents were higher at both distances in the 0.00-0.05 m layer
(Table 4). The Mg** and K* levels in the upper layer did not differ between the mound
sections, but were higher (p<0.05) than those in the soil, with no difference between
the two sampling distances from the base. In the 0.05-0.10 m layer however, only K*
differed from the pattern observed in the other layer.

The average K* contents in mound sections are almost twice as high as in the surrounding
soil. The soil values were similar between sampling distances. Higher Ca** contents were
reported by Ackerman et al. (2007) in the soil, and higher K* in the mounds. Even in
K*-poor soils, the mound material is richer in K*, with three times higher contents than
in the soil (Joseph et al., 2013). Thus, considering the K" mobility in soil, higher contents

Table 4. Chemical properties of termite mounds and the surrounding soil in the 0.00-0.05 and 0.05-0.10 m layers, Mar de Morros
region, municipality of Pinheiral, Rio de Janeiro State

Soil Ca** Mg** K* Na* S T V %
cmol, kg™
Layer 0.00-0.05 m
Top 3.90b 5.48 a 0.37 a 0.02 a 9.78 b 1546 b 63 a
Center 3.95b 534 a 0.40 a 0.02 a 9.72 b 15.41b 63a
Base 496 a 5.87 a 0.48 a 0.03a 11.36a 18.37 a 62 a
0.50 m 2.58 ¢ 3.10b 0.20 b 0.03a 5.94 c 10.62 ¢ 52b
1.50m 2.39c 2.80b 0.28b 0.03a 5.53¢ 10.06 ¢ 50 b
CV % 9.75 11.33 36.69 80.81 11.69 8.52 10.42
Thirds
Top 3.58 a 4.49 a 0.38 a 0.02 a 8.49 a 1423 a 58 a
Center 3.57 a 4.63a 0.34a 0.03a 8.58 a 14.04 a 58 a
Base 3.51a 4.44 a 0.33a 0.03a 8.32a 13.69 a 58 a
CV % 6.01 18.48 25.80 62.72 6.48 6.92 1.82
Layer 0.05-0.10 m
Top 3.90b 5.48 a 0.37b 0.02a 9.78 b 15.46 b 63 a
Center 3.95b 534 a 0.40b 0.02 a 9.72 b 1541b 63 a
Base 4,96 a 5.87 a 0.49a 0.03 a 11.36 a 18.37 a 62 a
0.50 m 2.36 C 2.57b 0.16 c 0.04 a 5.12 c 10.30 c 49 a
1.50m 2.19c 2.33b 0.16 c 0.03a 4.71c 9.86 47 a
CV % 9.72 12.57 18.89 77.49 9.11 5.69 4,93
Thirds

Top 3.53a 4.26 a 0.31a 0.03a 8.13 a 14.07 a 57 a
Center 3.47 a 4.47 a 0.32a 0.03a 8.29a 14.04 a 57 a
Base 3.42 a 423 a 0.31a 0.03 a 8.00 a 13.05a 56 a
CV % 3.80 16.76 14.03 41.28 9.38 6.53 4.62

Ca®* and Mg**: 1 mol L KCl extractant; K*: Mehlich-1 extractant; S: sum of bases, T: cation exchange capacity; base saturation [V = (SB/T) x 100],
where T [CEC pH7 = SB + (H+Al)] (Donagema et al., 2011). Averages followed by same letter, in the same column, do not differ from each other by
the Scott-Knott test (p<0.05).
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of this nutrient in mounds may benefit the soil as a result of translocation and leaching
from degrading termite mounds.

In relation to the sum of bases (S) and cation exchange capacity of the soil (T), average values
were higher in the mound base (p<0.05) than the other sections, which in turn, differed from
the surrounding soils; for the latter, independent of the sampling distance, S and T were lower.
This pattern was also observed for samples of both soil layers. Similar results were reported by
Peres Filho et al. (1990). The highest average T values correspond mostly to essential cations
such as Ca**, Mg**, and K*, which are nutrients that promote plant nutrition (Ronquim, 2010).
The base saturation levels (V %) differed (p<0.05) only in the 0.00-0.05 m layer, where the
mound sections showed the highest levels, above 60 %, no differences were observed for
any of the properties listed above in relation to the landscape position. The higher nutrient
contents in the termite mounds than in surrounding soil indicates that they create “islands”
(Lavelle et al., 1997; Pennisi, 2015), within which nutrients are concentrated and can, as a
consequence of mound degradation, be released into the soil over time.

The contents of total organic carbon (TOC) in the 0.00-0.05 m layer (Table 5) differed
(p<0.05) between the mound sections, where higher contents were observed than in
the soil. The measured contents of the mound base were higher than those of the top
and center sections, especially when compared to the soil, for both distances. For the
TOC distribution in the landscape, there was no difference between the slope thirds.
The same pattern was observed in the 0.05-0.10 m layer, with lower contents in soil,
with a slight decrease from the nearer to the farther sampled distances.

The increase in carbon content in the mound base is related to the species that builds the
mounds. The nests have a core consisting of carton material, composed of organic matter,
soil and saliva, and covered by a dark substance secreted by termites (Redford, 1984,

Table 5. Total organic carbon (TOC), particulate organic carbon (POC), and mineral-associated
organic carbon (MOC) in termite mounds and surrounding soil, in the 0.00-0.05 and 0.05-0.10 m
layers, Mar de Morros region, municipality of Pinheiral, Rio de Janeiro State

Soil TOC POC MOC
g kg™
Layer 0.00-0.05 m
Top 20.37 b 8.26 b 13.14 a
Center 21.99 b 10.71 b 18.60 a
Base 38.46 a 49.32 a 21.97 a
0.50 m 13.51c 2.54 c 1.50b
1.50m 12.88 c 2.24 c 1.23b
CV % 20.64 14.60 16.46
Thirds
Top 20.64 a 1233 a 8.32a
Center 21.56 a 12.52 a 12.77 a
Base 22.13 a 18.99 a 12.78 a
CV % 15.64 10.50 14.92
Layer 0.05-0.10 m
Top 20.37b 8.26 b 13.15a
Center 21.99b 10.72 b 18.60 a
Base 38.46 a 49.32 a 2197 a
0.50 m 11.68 ¢ 1.75 a 1.11b
1.50m 11.67 c 1.76 a 1.07 b
CV % 6.73 9.75 12.49
Thirds
Top 19.73 a 12.17 a 8.21a
Center 21.02a 12.33 a 12.72 a
Base 21.75 a 18.59 a 12.60 a
CV % 5.21 2.71 3.88

TOC, POC, and MOC were determined by the Cambardella and Elliott (1992) method. Averages followed by the
same letter in the same column do not differ from each other by the Scott-Knott test (p<0.05).
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Sanchez et al., 1989). From the values of the carbon contents, it can be inferred that
the content of organic matter is highest in the mound base, directly influenced by some
of the chemical properties, as confirmed by the T values. To date, no studies on the
fractionation of organic matter in termite mounds were published in the literature.

The particle size fractionation of organic matter showed that particulate organic carbon
(POC), which is associated with the sand fraction, follows the same pattern as TOC,
with highest (p<0.05) values in the mounds. However, for this parameter, the contents
in the mound base are far higher than at the other sampling points, an approximate
six-fold increase compared to the top levels. The variables that did not meet the Anova
premises (POC and MOC) were subsequently subjected to transformation by the Box and
Cox method (1964). The soil values are lower than those for the mound top and center.
The highest POC values at the mound base are also related to the high concentration of
plant material within the mound base.

When observing the organic carbon associated with minerals (MOC) in the 0.00-0.05 m
layer, no differences were observed between the mound sections, although the contents
of the respective sections followed a pattern of top-to-base increase. Nevertheless, the
mound contents were higher (p<0.05) than in those of the soil, at both distances from
the base. A similar statistical pattern was observed in the 0.05-0.10 m layer, and the
sharp decrease in soil values is worth mentioning. According to Kaschuk et al. (2006) and
Sarcinelli et al. (2009), it is possible that clay minerals are modified by termites since
the soil particles are processed in their mandibles with saliva during transportation for
mound construction or pass through their digestive tract.

Similarly, no differences were identified in MOC levels, when considering the topographic
position in the evaluated layers. No studies have addressed the physical fractionation
of organic matter in mounds; however, the values observed in this study show that POC
and MOC in the mound bases are higher than those quantified in soil under grasses by
other authors, while soil values presented in this study are lower (Carmo et al., 2012;
Loss et al., 2014).

For the humic substances, a distinctive pattern was found for the levels of the different
fractions. Carbon of the humic acid fraction (C-HAF) in the 0.00-0.05 m layer showed a
partitioning with a significant interaction (5 % level) (Table 6). Each soil component was
analyzed (mound sections and surrounding soils) in the thirds of the toposequences.
For this variable, no differences were observed between soil components in relation to
the topographic position, neither among mound sections (top, center, and base), nor the
soil of the two sampling distances (Table 6). The comparative analysis of the components
within each third, however, indicated significant differences.

Table 6. Carbon content in humic acid fractions (C-HAF) and carbon from the fulvic acid fraction (C-FAF) in
termite mounds and adjacent soils in the Mar de Morros region, Municipality of Pinheiral, Rio de Janeiro State

Shoulder Backslope Footslope
Soil Thirds - layer 0.00-0.05 m
C-HAF
g kg®
Top 2.82AD 2.95Ab 290Ab
Center 324 A0D 4.05Ab 2.28Ab
Base 7.54Aa 7.38Aa 9.87Aa
0.50 m 2.05Ab 1.82Ac 1.76 Ab
1.50 m 1.86 Ab 1.52Ac 1.50Ab
CV % Thirds 19.53
CV % Sail 18.16

C-HAF and C-FAF determined according to Swift (1996), technique proposed and modified by Benites et al. (2003).
Averages followed by the same capital letter in the same line do not differ from each other; averages followed
by the same lowercase letter in the same column do not differ from each other by the Scott-Knott test (p<0.05).
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In the slope shoulder, the C-HAF contents were highest (p<0.05) for the mound base,
while the other two sections had similar values to the soil at both distances. In the
backslope, the highest contents (p<0.05) of this fraction were also observed at the mound
base, however, values in the top and center were similar and higher (p<0.05) than in
the soil. There was no difference between distances. In the lower third, C-HAF contents
were similar to those observed in the other two; the highest values were observed in
the mound base, and no difference for the other soil components.

The highest C-HAF contents were observed in the 0.05-0.10 m layer in the mound section
(p<0.05). Highest values were found at the base and the lowest values in the soil at
both distances. The results of this study corroborate those of Pinheiro et al. (2013), who
evaluated seasonal variations of humic substances in the same area.

The carbon content of the fulvic acid fraction (C-FAF) at both sampling layers differed
between the mound sections, with higher values (p<0.05) observed at the mound
base (Table 7). The lowest values were recorded in the soil at both sampling distances
(0.50 and 1.50 m). There was no difference in topographical position between the thirds.
Pinheiro et al. (2013) reported decreasing values in the mound section, equal to those
observed in the surrounding soil in the summer and winter seasons. In the soil, they
observed values lower than those reported in this study.

The analysis of carbon humic fraction (HUM-C) showed a pattern distinct from the other
fractions, since the partitioning of the interaction indicated significance at 5 % at both two
sampled layers (Table 8). The analysis of soil components (mound sections and adjacent
soils) in the thirds shows that there was no difference between the mound top and center.
However, HUM-C contents of the mound base showed that this property was significantly
different in the different mound sections, where a pattern of increasing values from base
to top thirds is observed. However, in the adjacent soils, no differences were observed
between the toposequence thirds. Other authors mentioned higher HUM-C contents in
mounds compared to the observations in this study (Pinheiro et al., 2013). The highest
content of this fraction found in the mound base is probably because the base contains
the highest concentration of individuals of the colony, where organic matter is enriched
by secretions as well as by mortality at a younger stage. Studies on humic substances

Table 7. Carbon content fulvic acid fraction (C-FAF) in termite mounds and adjacent soils in the
Mar de Morros region, Municipality of Pinheiral, Rio de Janeiro State

Soil Shoulder Backslope Footslope

C-FAF C-FAF C-HAF

gkg®
0.00-0.05 m 0.05-0.10 m

Top 2.89b 2.89b 2.89b
Center 2.85b 2.85b 3.29b
Base 4.70 a 4.70 a 8.26 a
0.50 m 1.70 c 1.66 c 144 c
1.50m 1.58 ¢ 1.68 ¢ 133c
CV % 11.85 11.13 19.10
Thirds
Top 2.62 a 2.59a 3.35a
Center 2.67 a 2.68 a 3.38a
Base 2.96 a 3.00a 3.60 a
CV % 22.22 22.52 17.72

C-HAF and C-FAF determined according to Swift (1996), technique proposed and modified by Benites et al.
(2003). Averages followed by the same capital letter in the same line do not differ from each other; averages
followed by the same lowercase letter in the same column do not differ from each other by the Scott-Knott
test (p<0.05).
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Table 8. Contents of carbon in the humin fraction (HUM-C) in termite mounds and adjacent soils
in the Mar de Morros region, municipality of Pinheiral, Rio de Janeiro State

Soil Shoulder Backslope Footslope
HUM-C
gkg®
Thirds - 0.00-0.05 m
Top 1466 Ab 15.06 Ab 16.00A b
Center 1491 Ab 16.22Ab 15.64 A b
Base 28.28Ca 35.21Ba 4390Aa
0.50 m 9.35AcC 8.10AcC 8.33Ac
1.50 m 9.57Ac 7.73Ac 8.50Ac
CV % 3.69
CV % 10.03
Thirds - 0.05-0.10 m
Top 1466 Ab 15.06 Ab 16.00A b
Center 1469ADb 16.20A Db 15.64Ab
Base 28.28Ca 35.21Ba 4390Aa
0.50 m 9.17Ac 7.05Ac 7.60Ac
1.50 m 9.71Ac 6.87 Ac 6.74 Ac
CV % Thirds 5.68
CV % Soil 10.04

HUM-C determined according to Swift (1996), technique proposed and modified by Benites et al. (2003).
Averages followed by the same capital letter in the same line do not differ from each other; averages followed
by the same lowercase letter in the same column do not differ from each other by the Scott-Knott test (p<0.05).

in the soil under different systems revealed higher HUM-C contents in relation to other
fractions (Canellas et al., 2000; Cunha et al., 2007; Silva et al., 2012).

For the HUM-C contents in the toposequence shoulder, in the 0.00-0.05 m layer, differences
were observed in soil components, and the contents were highest (p<0.05) in the mound
base. The lowest values were observed in the surrounding soil, and this pattern was repeated
in samples of the 0.05-0.10 m layer. In the backslope and footslope, the contents in soil
components followed the same statistical distribution, with the highest values (p<0.05) at
the mound base, differing from the other thirds and the lower contents in the soils, in both
sampling layers. The organic matter fractions in different soils of a toposequence were
analyzed by Canellas et al. (2000), who found a higher percentage of humic substances in the
shoulder and backslope in relation to the lower third of that relief. For the nutrient contents
observed in the termite mounds, it is worth mentioning that the compositions, structural
forms, and time periods during which these structures persist determine their local impacts
on the processes that sustain the services of the soil ecosystem (Lavelle et al., 2016).

CONCLUSIONS

Termite mounds constructed by C. cumulans accumulate a higher percentage of clay,
evenly distributed in the mound sections, compared to the adjacent soil, and also contain
higher contents of macronutrients (Ca®*, Mg**, and K*).

Mound base contains the highest carbon contents, either by associations with the sand
and mineral fractions or in relation to the fractions of humic substances. The humin C
contents differed from that of the other fractions within the landscape.

Termite mounds perform important services in the ecosystem by accumulating nutrients
in mounds, although more studies are necessary to improve the understanding about
the dynamics of these nutrients in the soil.
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