J. Bio. & Env. Sci. | 2014

Journal of Blodiversity and Environmental Sclences (JBES)
ISSN: 2220-6663 (Print) 2222-3045 (Online)
Vol. 4, No. 2, p. 253-263, 2014

http://www.innspub.net

INNSPUB

RESEARCH PAPER OPEN ACCESS

Chemical properties associated with guts, soil and nest
materials of Odontotermes and Macrotermes species from

Kenya

Edith Mnyazi Muwawa’', Huxley Mae Makonde'?, Nancy L.M.Budambula’, Zipporah
Lagat Osiemo', Hamadi Iddi Boga'*

'"Jomo Kenyatta University of Agriculture and Technology, P.O.Box 62000, Nairobi, Kenya
*Technical University of Mombasa, Tom Mboya Street, Mombasa, P.O.Box 90420-80100.
*Taita Taveta University College, P.O.Box 635-80300 Vot, Kenya

Article published on February 15, 2014

Key words: Termites, mineralization, tropical soils, Macrotermitinae.

Abstract

Termites play important roles in carbon and nitrogen cycles thus affecting soil functioning and ecosystem
activities. The study focused on analyzing levels of nitrogen, carbon and pH in the guts, soil and mound materials
associated with Odontotermes and Macrotermes termites’ species. Macro- and micro-elements were also
evaluated using spectrophotometer methods. The standard soil analyses and concentrations of various forms of
nitrogen and carbon were performed using calometric and Bremmer’s methods. Results showed higher clay
content in the mounds than the surrounding soil. Most concentrations of ammonia, nitrate and total organic
carbon between the termites and within the gut sections were significantly different (p < 0.05). Levels of
ammonia (3.00 — 6.00 ppm) and nitrate (6.00 - 11.50 ppm) were highest in the hindguts of all termites analyzed
than the respective foreguts and midguts sections. Ammonia (6.00 — 14.50 ppm), nitrate (16.00 — 83.00 ppm)
and organic carbon (31.00 — 37.00 %) levels were highest in the fungus comb samples. The levels of all macro-
and micro-elements investigated were highest in the fungus combs. It can be concluded that fungus-growing
termites accumulate different levels of nitrogenous compounds in their guts and modify soil properties in terms

of clay, C, N and mineral contents.
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Introduction

Termites (Isoptera) are a large and diverse group of
terrestrial social insects comprising of over 2600
species worldwide (Ahmed et al., 2011). Termites live
from temperate to tropical regions, but the greatest
termite diversity is in Africa, where they play diverse
roles in semi-arid and humid ecosystems (Eggleton,
2000). They efficiently biodegrade plant biomass and
other lignocellulosic material thereby contributing to
the global carbon and nitrogen cycles (Freymann et
al., 2008; DeSouza et al., 2009). Furthermore, they
are recognized as a key group for their impact on soil
properties in the tropics which is attributed by their
mound construction activities (Holt and Lepage,
2000; Lopez- Hernandez, 2001). As soil engineers,
termites have an impact on the soil structure which
modifies the soil environment thereby controlling
diversity and activity of other soil organisms (Jones et
al., 1997; Lavelle et al, 1997). Their major
construction activities of complex galleries and
mounds partly contribute to soil heterogeneity in the
tropical regions and also affect the soil microbial
communities (de Bruyn et al., 1990; Manuwa, 2009)
Owing to the intensification of agriculture over recent
decades and the social and environmental imperative
to develop sustainable agricultural practices, there
has been increasing attention on the role of soil
biodiversity in mediating the main ecological
functions of the system (Lavelle et al., 2006).
Amongst the soil organisms, fungus-growing termites
(Isoptera, sub-family Macrotermitinae) apparently
play an important role in soil fertility in tropical
ecosystems because of their strong impact on soil
physical and chemical properties (Black and Okwakol,
1997; Mora et al., 2003). The fungus-growing
termites (subfamily Macrotermitinae) build their
mounds using soil and clay cemented by salivary
secretions, which make the mounds enriched with
clay particles but impoverished in carbon (Harry et
al., 2001). The nest-walls consist of organo-mineral
aggregates, characterized by a low stability and thus
mineralize easily (Garnier-Sillam et al., 1988). They
have a wider range of activity on the surrounding soil

of 1-3 m in depth and within a range of a 2-8 m,

which may influence the soil properties and fertility

(Harry et al., 2001; Jouquet et al., 2002a).

Studies regarding the impact of termites on soil
properties have previously focused more on soil
feeding termites than fungus cultivating termites
(Brouman, 2000; Ji and Brune, 2006). Due to the
high abundance of the fungus cultivating termites and
their major activities in African savannas, the
question arises whether these termites can impact soil
properties as those observed in soil-feeders (Harry et
al., 2001; Fall et al, 2004; Roose-Amsaleg et al.,
2004; Fall et al., 2007). Literature indicates that the
proportion of clay in the termite-built structures is
always greater than that in the bulk soil (Holt and
Lepage, 2000) and conspicuous differences have also
been observed in their mineralogical properties
(Mahaney et al., 1999). Subterranean fungus-growing
termites play a major role in maintenance of tropical
soil fertility, in terms of clay, C and N contents, as
compared to the surrounding soil (Jouquet et al.,
2002a,2002b, 2004, 2005). Jouquet et al. (2005)
reported a greater impact on soil properties by
Odontotermes compared to the Ancistrotermes. Their
study concluded that different species within the
Macrotermitinae subfamily play different roles in soil
organic matter content and clay distribution.
However, this has to be confirmed through others
similar studies. This study therefore was aimed at
determining the levels of different chemical
properties associated with guts, mound (nest)
materials and soils of some fungus cultivating
termites (Odontotermes and Macrotermes species).
The results can be applied in agriculture to improve

soil properties.

Materials and methods

Study site and collection of samples

Samples were collected randomly from ten active
termite nests around Jomo Kenyatta University of
Agriculture and Technology (JKUAT) compound, Juja
in Kiambu County (latitude 10 5' 54.68" N, longitude
370 1
(approximately between 1 and 3 km far apart), which

' mounds

1.10" W). Termite (nests)
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were colonized by Odontotermes and Macrotermes
species were excavated to a depth of = 0.5 — 1.0 m as
described elsewhere (Makonde et al., 2013). Termites
(n = 100 workers) were collected and put into sterile
plastic boxes. Worker-caste termites were used in the
experiments due to their foraging activities during
formation and renewal of the fungus gardens. Mound
materials (fungus combs) were collected and put into
sterile plastic bags. In addition, soil samples from the
nests and their surrounding (3 m away from the nest)
were collected and put into sterile plastic bags.

Collection of all samples was performed in triplicates.

Physico-chemical analyses

Standard physical soil analyses, which involved
texture and bulk density analyses of the soil samples,
were performed according to Ackerman et al. (2007).
Particle size distribution was determined by the
hydrometer method for determining the silt and clay
(20009).
Determination of pH and inorganic nitrogen of the

fraction as described by Manuwa
samples were performed according to the methods
described by Tanaka (1986). Carbon content was
determined by the WalkleyBlack method (Walkley et
al., 1934) while ammonia and nitrate concentrations
were determined by calometric methods as described
by Chaney and Marbach (1962) and Okalebo et al.
(2002), respectively. Phosphorus and potassium
concentrations were determined by using a
spectrophotometer (UV-VIS Spectrophotometer 1240
SHIMADZU-JAPAN) and flame photometry (Flame
photometer 410 CORNING-JAPAN), respectively.
Concentrations of other elements (calcium,
magnesium, iron, manganese, zinc and copper) were
determined by atomic

spectrophotometry (AA-62000 SHIMADZU-JAPAN).

using absorption

Statistical analyses
The data obtained from the experiments were
subjected to statistical analyses using ANOVA as

implemented in SARS software (Version 9.0).

Results

Physico-chemical properties of the soils

The results from the physical properties of the soil
generally showed that the texture grade of the soils
ranged between sandy clay loamy to loamy across the
samples analyzed (Supplementary Table 1). Notably
the bulk density (0.61-0.93 gcm3) and the clay
content in most of the mounds (Sites 3, 5, 6, 7, 9 and
10) were slightly higher than those in the surrounding

soil samples (Supplementary Table 1).

Key: ‘FC denotes fungus comb, ‘MS’ denotes soil
taken from mound, ‘S3A’ denotes soil taken 3m away
from mound. 'MOSP1-MOSP5’ denotes different
mounds of Odontotermes spp., ‘MMSP1-MMSP4’
denotes different mounds of Macrotermes spp. and
‘MMmic” Macrotermes

denotes mound of

michaelseni.

Concentrations of inorganic nitrogen forms, carbon
and pH in the mounds and surrounding soils

The levels of ammonia (6-15 ppm), nitrate (16-82
ppm) and total organic carbon (31-37 %) in the
fungus comb materials were often higher than their
corresponding soil samples from the mounds and
surroundings (Fig. 1B, C & D). Most of these levels
were significantly different (p < 0.05) in the fungus
combs across the samples analyzed (Fig. 1B, C & D).
The levels of the nitrate (3-11 ppm) in the mound
samples were different across the samples but did not
differ significantly with those of corresponding
surrounding soil samples (2-7 ppm) within a single
mound (Fig. 1C). The levels of total organic carbon
(TOC) were lower (1-3 %) in all the mound and
surrounding soil samples (Fig. 1D). The same trend
was also observed for the levels of nitrate in the
mound and surrounding soil samples. Nitrogen levels
were the least (<0.3 ppm) in all samples but differed
significantly in most of the samples. The pH levels
were between the acidic to neutral range (pH 5-7) and
were significantly different (p < 0.05) between and
within most samples analyzed. The results also
showed that the pH levels were the least in the fungus
combs samples ranging from pH 4-5 (Fig. 1E).
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Fig. 1. Levels of pH, inorganic and organic minerals in different parts across termite mounds.
Key: ‘FC’ denotes fungus comb, ‘MS’ denotes soil taken from mound, ‘S3A’ denotes soil taken 3m away from
mound. 'MOSP1-MOSP5’ denotes different mounds of Odontotermes spp., ‘MMSP1-MMSP4’ denotes different

mounds of Macrotermes spp. and ‘MMmic” denotes mound of Macrotermes michaelseni.

Table 1. Levels of mineral elements in different parts across termite mounds.

Termite species

Mineral Samples OSP1 OSP2 OSP3 OSP4 OSP5 MSP1 MSP2 MSP3 Mmic MSP4

elements

(pmm)

K FC 3.40£0.0% 3.00+0.0% 2.20£0.0M, 2.10£0.0% 2.60+0.0%8 2.81+0.0fa 3.00£0.0% 3.58+0.0P: 3.78+0.0% 3.39+0.0%
MS 1.60+0.0% 1.50+0.0% 1.40+0.0% 1.50+0.0% 1.50+0.0% 2.42+0.0% 0.87+0.0% 1.06+0.08, 3.00+0.0% 1.26+0.0f
S3A 2.90+0.0% 1.80£0.0f, 2.50£0.0% 1.20+0.0": 1.50+0.08 2.03+0.0% 1.84+0.0% 0.68+0.0. 2.03+0.0% 3.10£1.0%

Ca FC 4.58+0.1% 5.91+0.0% 7.78+0.0% 6.35+0.1% 5.94+0.0% 5.4840.0% 5.63+0.0% 7.90+0.0% 5.78+0.0%, 5.74+0.0¢%,
MS 2.67+0.2f, 4.20£0.0% 5.51£0.0% 4.65+0.1% 5.81+0.0P, 2.66+0.0% 4.32+0.1% 4.39+0.1% 2.73+0.0% 7.29+0.0%
S3A 2.44+0.1% 4.07+0.09; 5.58+0.0% 4.55+0.1% 5.42+0.0% 2.73+0.1% 4.28+0.1% 4.41+0.0"% 2.80+0.0% 2.76+0.1%

Mg FC 3.24£0.0%¢, 3.16+0.2%¢, 2.84+0.0¢, 3.13+£0.22b¢, 3.30+0.22%, 2.62+0.1%  2.81+0.3P%, 2.84+0.2P¢,2.89+0.5P¢% 3.68+0.23,
MS 2.65+0.1% 2.47+0.1°% 2.03+0.1% 2.11+£0.1%, 3.07+0.1% 2.31+0.0%;, 2.58+0.0P 2.93+0.0% 2.26+0.4%, 2.56+0.1%
S3A 2.45+0.1%b%, 1.36£0.0% 2.09+0.0% 2.08+0.0% 2.71£0.1%2 2.34£0.3P4;2.76+£0.32% 2.07+0.1% 2.13+0.6¢d, 2.61+£0.0%,

Zn FC 0.25+0.0% 0.45+0.0% 0.26+0.0% 0.87+0.1% 0.374+0.0% 0.28+0.0% 0.5940.0% 0.26£0.0% 0.24+0.0% 0.37+0.0%
MS 0.17£0.0% 0.14£0.0% 0.11+£0.0% 0.25+0.0P 0.12+0.0% 0.15+0.0%, 0.44+0.0% 0.10£0.0% 0.17+£0.0% 0.17+0.0%,
S3A 0.21£0.0% 0.15+0.0% 0.12+0.0% 0.10£0.0% 0.11+£0.0% 0.18+0.0% 0.16£0.0%:0.15+£0.0% 0.34+0.0% 0.10+0.0%

Key: Values indicate means + standard deviation. FC’ denotes fungus comb, ‘MS’ denotes soil taken from mound, ‘S3A’ denotes
soil taken 3m away from mound. 'MOSP1-MOSP5’ denotes different mounds (1-5) of Odontotermes spp., ‘MMSP1-MMSP4’
denotes different mounds (1-4) of Macrotermes spp. and ‘MMmic” denotes mound of Macrotermes michaelseni.

*Superscript letter - indicates difference between termite mounds.
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*Subscript letter — indicates difference within termite mounds.

Concentrations of inorganic nitrogen forms, carbon
and pH in the gut sections

The concentrations of inorganic nitrogen forms, for
instance ammonia (3-6 ppm) and nitrate (6-12 ppm)
were generally higher in the hind guts (Fig. 2A & C).
Notably, most ammonia and nitrate concentrations
differed significantly (p<0.05) between gut sections.

The nitrogen levels were generally low (<1 ppm) in all
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samples with variations slightly between and within
gut sections (Fig. 2B). The levels TOC ranged from 4
to 15 % but varied significantly (p<0.05) across most
samples analyzed. The pH levels of most of the gut
sections were within the acidic range (pH 5-6) and
differed significantly between some termite’s species
(Fig. 2E).
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Fig. 2. Levels of pH, inorganic and organic minerals in different gut sections across termite species. Key:

‘Foregut, midgut, hindgut’ denotes gut sections of the termite. 'OSP1-OSP5’ denotes different Odontotermes spp.,

‘MSP1-MSP4’ denotes different Macrotermes spp. and ‘Mmic” denotes Macrotermes michaelseni.

Levels of mineral elements in samples associated with
different termite mounds. The levels of all mineral
elements investigated were relatively higher in the
fungus combs compared to the soils samples from the
mounds and their surroundings (Table 1). This trend
was observed for all the analyzed samples. Most of the
zine (0.2-0.9 ppm), iron (1-6 ppm) and phosphorous
(1-3 ppm) levels in the fungus combs between the
samples were almost the same. For instance, the
levels of zinc in the fungus combs of mounds (MOSP1
[0.25 ppm], MOSP2 [0.45 ppm] and MOPS3 [0.26

ppm]), which were colonized by Odontotermes
species and mounds (MMSP1 [0.28 ppm] and
MMSP3 [0.26 ppm] of Macrotermes species and that
of M. michaelseni (MMmic [0.24 ppm] were not
significantly different from one another (Table 1). Of
the eight mineral elements determined, manganese
(8-21 ppm) had the highest concentration while
copper (0.10-0.3 ppm) had the least levels, followed
by zinc (0.2-0.9 ppm) in the fungus combs.
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There were significant differences in levels of copper,
manganese, potassium, calcium and magnesium
between the samples but most calcium and
magnesium levels were almost the same within the
mound and surrounding soil samples analyzed (Table
1). For example, the levels of calcium in the mound
and surrounding soil samples of mounds (MOSP1,
MOSP3 and MOSP4 belonging to Odontotermes
species and mounds (MMSP1, MMSP2 and MMSP3
different. The

differences in levels of the mineral elements in the

of Macrotermes species were
various soil samples investigated indicate that the
distribution of these elements in the soils is not

homogenous.

Discussion

The construction activities of termites play an
important role in soil heterogeneity and fertility in
tropical ecosystems due to the impact on soil physical
and chemical properties. Our results indicate some
changes on the physical properties of the soil samples
analyzed. The texture grade of the soils ranged
between sandy clay loamy to loamy across the
samples, but the clay content in most mounds was
relatively higher than in the surrounding soil
(Supplementary Table 1). This shows that the soils in
the mounds are enriched with clay particles as a
result of termite activities due to preferred selection
of clay particles by termites (Harry et al., 2001). This
is in consistent with other findings by Manuwa
(2009). Literature indicates that fungus growing
termites build their mounds using soil and clay
cemented by salivary secretions, which make the
mounds enriched with clay particles but
impoverished in carbon (Harry et al., 2001). This
underlines the influence of construction activities of
termites on the physical properties of the soil (Holt,
2000; Manuwa, 2009), which may have a positive
influence in organic matter content and water holding
capacity of the soil within the mound compared to the
surrounding soils (Lavelle et al., 1994).

differences in the

There were significant

concentrations of most inorganic nitrogen forms

(such as ammonia, nitrates and total inorganic
nitrogen) between the termite species and within the
gut sections (Fig. 2A - D). Notably, ammonia and
nitrates concentrations of the individual gut sections
significantly differed and were often detected in
higher within the hindguts than the

corresponding gut sections (fore- and mid-guts) of all

levels

termite species analyzed (Fig. 2A, C) Nitrogen levels
were relatively low but significantly different between
some termite species and within some gut sections
(Fig. 2B). Likewise, the levels of total organic carbon
varied significantly across most of the samples (Fig.
2D). These results may demonstrate that different
termites accumulate different levels of inorganic
minerals in their respective gut sections in the course
of their diet (Ji and Brune, 2006). However, there
were insignificant differences in the pH values of the
gut sections of most termites’ species (Fig. 2E), which
partly contradicts other findings elsewhere (Bignell
and Eggleton, 1995) that reported different pH levels

in gut sections of different termite species.

Levels of most inorganic nitrogen forms and organic
carbon differed significantly amongst the comb
materials and soil samples collected on the mound
and 3m away (Fig. 1A-D). Remarkably, the levels of
ammonia, nitrate and organic carbon were often
higher in the comb materials than the corresponding
soil samples for all mounds studied. A similar trend
was also observed for levels of nitrogen in some
mounds (Fig. 1B). This demonstrates that comb
materials are rich in nitrogenous wastes and other
organic carbon, which accumulate in the comb
materials as the termites use their feces to make the
fungus combs (Eggleton and Tayasu, 2001). The pH
values ranged from acidic to neutral range (phs-7)
and were significantly different between and within
most mounds (Fig. 1E). Similar pH values were
observed in the gut sections, however, it should be
noted that pH values were the least in the fungus
combs samples. This may partly be due to the high
levels of nitrate and organic carbon present in the
fungus combs that tend to lower the pH. These

findings show that fungus combs and soil in mounds
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of different termites accumulate different amount of
inorganic material and organic carbon during renewal

and establishment of mounds.

The micro- and macro-elements investigated were
relatively higher in the fungus combs compared to the
soils samples from the mounds and their
corresponding surroundings (Table 1). However,
there were insignificant differences of zinc, iron and
phosphorous levels in the fungus combs between the
mound samples. For instance, the levels of zinc in the
fungus combs from mounds MOSP1, MOSP2 and
MOSP3 (colonized by Odontotermes species) and
mounds MMSP1, MMSP3 and Mmic (colonized by
Macrotermes species) were almost similar (Table 1).
Of the eight elements determined, manganese had the
highest concentration while copper had the least
levels, followed by zinc in the fungus combs (Table 1).
The accumulation of these elements may have
important roles in the fungus combs. Literature
indicates that fungus combs harbor termites and their
mutualistic fungi mostly from the genera Xylaria and
Termitomyces (Moriya et al., 2005; Makonde et al.,
2013). Therefore, the micro- and macro-elements
present in the combs may be crucial for growth and
of these Notably,

significant differences in levels of copper, manganese,

survival mutualistic fungi.
potassium, calcium and magnesium were observed
between the samples analyzed (Table 1). For example,
the levels of calcium in the mound and surrounding
soil samples of mounds MOSP1, MOSP3 and MOSP4
(colonized by Odontotermes species) and mounds
MMSP1, MMSP2 and MMSP3 (colonized by
Macrotermes species) differed significantly. These
results indicate that the distribution of these elements

in the soils is not homogenous.

It has been reported that the modifications in soil
organic matter, clay content, and soil quality as a
result of termites’ activities lead to a decrease in soil
porosity, a stimulation of microbial activity and an
enrichment in mineral nutrients like NH4+ and
NO3- and exchangeable cations such as Ca2+, Mg2+,

K+ and Na+, as compared to the surrounding soil

(Holt and Lepage, 2000; Jouquet et al, 2004).
Organic compounds particularly carbon and nitrogen
also become more abundant in the fungus combs than
in the surrounding soils as observed in this study (Fig.
1B and D).

Conclusion

Termites and the termitosphere play a crucial role in
the cycling of nutrients in their ecosystems.
Comparing the nutrient concentrations from the
surrounding soils to the mound samples, it is clear
that termite activity increases the amount of nutrients
and therefore influences nutrient availability in their
ecosystems. Soil analysis showed an increase in clay
percent in the mound soils as compared to the
surrounding soils. One reason of this may be related
to preferred selection of clay particles by termites
during establishment of mounds. Our results,
therefore, underscore the major role played by
fungus-growing termites in the maintenance of
tropical soil fertility, in terms of clay, C and N

contents in relation to the surrounding soil.
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Supplementary Table 1: Soil physical properties data.

Walkley A, Black IA. 1934. An examination of the
Degtjareff method for determining soil organic matter
and proposed modification of the chromic acid

titration method. Soil Science 37, 29—38.

Site Sample Average texture class Bulk density gem3 Texture Grade
1 Soil % SANDY 59.1
% CLAY 30
% SILT 10.9 0.83 SANDY CLAY LOAMY
Mound % SANDY 59.1
% CLAY 34
% SILT 10.9 0.61 SANDY CLAY LOAMY
2 Soil % SANDY 61.6
% CLAY 32.5
% SILT 5.9 0.92 SANDY CLAY LOAM
Mound % SANDY 49.1
% CLAY 40
% SILT 10.9 0.8 SANDY CLAY
3 Soil % SANDY 69.1
% CLAY 27.5
% SILT 3.4 0.73 SANDY CLAY LOAM
Mound % SANDY 66.6
% CLAY 30
% SILT 3.4 0.68 CLAY LOAM
4 Soil % SANDY 69.1
% CLAY 27.5
% SILT 27.5 1.01 SANDY CLAY LOAMY
Mound % SANDY 69.1
% CLAY 30
% SILT 5.9 0.93 SANDY CLAY LOAMY
5 Soil % SANDY 61.6
% CLAY 32.5
% SILT 3.4 0.69 SANDY LOAM
Mound % SANDY 56.6
% CLAY 40
9% SILT 5.9 0.59 SANDY CLAY LOAM
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Continuation of Supplementary Table 1, soil physical properties data.

Site Sample Average texture class Bulk density gem3 Texture Grade
6 Soil % SANDY 81.6
% CLAY 10
% SILT 8.4 0.71 LOAMY SAND
Mound % SANDY 79.1
% CLAY 15
% SILT 5.9 0.62 SANDY CLAY LOAM
7 Soil % SANDY 84.1
% CLAY 10
% SILT 5.9 0.81 LOAMY SAND
Mound % SANDY 71.6
% CLAY 20
% SILT 8.4 0.89 SANDY CLAY LOAM
8 Soil % SANDY 74.1
% CLAY 12.5
% SILT 13.4 0.69 SAND LOAM
Mound % SANDY 74.1
% CLAY 20
% SILT 5.9 0.67 SANDY CLAY LOAMY
9 Soil % SANDY 84.1
% CLAY 7.5
% SILT 8.4 0.75 LOAMY SAND
Mound % SANDY 86.6
% CLAY 10
% SILT 3.4 0.66 LOAMY SAND
10 Soil % SANDY 89.1
% CLAY 7.5
% SILT 3.4 1.26 SAND
Mound % SANDY 81.6
% CLAY 10
% SILT 8.4 0.9 LOAMY SAND
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