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Abstract

The comparative distribution of organic components in different soil fractions as a result of the activities of two of the most
representative species of termites (Cubitermes niokoloensis and Macrotermes bellicosus) in the semi-arid savanna of Senegal
was assessed by physical fractionation. The impact of these two species on soil organic matter (SOM) differed. For the soil feed-
ing C. niokoloensis, the internal and external wall of the mound contained five times higher carbon and 10 times higher nitrogen
concentrations than the reference soil. In contrast, the mounds of the fungus-growing M. bellicosus had lower C content than
the reference soil. Although both species select fine soil particles for mound construction, their strategy differs. Particle-size
fractions finer than 50 jum represented 75% of the total mass of soil sampled from the internal and external walls of the mound
of soil feeding termites, while clay size particles were the most abundant fraction of these compartments of the fungus growing
mound. For the soil feeding species, the particle-size fractions contained 3-10 times higher C concentrations than the fractions
isolated from the reference soil, the enrichment being the highest for clay fractions. About 60% of these clay particles remained
aggregated within the coarser structures of the silt (2-50 pum) and the sand size particles (50-200 pm). The latter represented
60% of the total soil mass and contained 50% of the total carbon. No impact of M. bellicosus on soil aggregation was recorded.

These results clearly reveal the contrasting effects (positive for soil feeding, negative for fungus feeder) of these two species
on SOM dynamics. The use of the aggregate fraction of the coarse silt size (20-50 pm) as an indicator of the activity of soil
feeding termites is suggested. © 2001 Elsevier Science B.V. All rights reserved. '
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1. Introduction

In - tropical regions soil invertebrate macro-
fauna plays a key role in organic matter cycling
(Lavelle, 1997; Lavelle et al., 1994). The invertebrate

* Corresponding author. Tel.: +221-849-3317,;
fax: +221-832-1675.
E-mail address: alain.brauman@ird.sn (A. Brauman).

macrofauna is dominated by termites in terms of den-
sity. The impact of termites is mainly due to their
building activity where the mounds represent the most
spectacular biogenic structures. Organic components,
digested by the termite during the gut transit, are
stored and/or sequestered in these structures (Brauman
et al., 2000). The mound density can be very high,
with soil surface occupied by these structures corre-
sponding with up to 10% of land area of the African
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continent (Lavelle, 1997). Therefore, termite mounds
represent a major functional compartment of tropical
soils. Despite this ecological importance, the impact
of these biogenic structures on soil organic matter
(SOM) remains poorly documented.

The mounds and their associated biogenic struc-
tures (galleries, sheeting, and fungus combs) have a
significant impact on the physico-chemical features
of the soil, such as the soil morphology, i.e. soil
translocation and formation of subsurface horizons
- (Wood, 1988), the soil structure, i.e. aeration, poros-
ity and structural stability (Garnier-Sillam, 1990;
Garnier-Sillam et al., 1991), and chemical properties,
i.e. enrichment in cations, P, and N (Lobry de Bruyn
and Conacher, 1990). Although the impact on SOM
has often been mentioned, very few studies have taken
into account the importance of the various modes of
mound construction resulting from different feeding
habit. Amongst the two dominant African feeding
habits (Wood, 1988), the fungus growing termites
mix soil particles with their saliva to build their nests
(Grassé, 1984), whereas nests of soil feeding termites
are built with soil particles glued with their feces
(Wood et al., 1983), Consequently, SOM content and
soil structure differ between these two biogenic con-
structions (Wood, 1988). However, these studies were
conducted considering the nest as a whole, without
any consideration of possible heterogeneity within
the nest (Garnier-Sillam and Harry, 1995). Different
location of SOM: within the nest compartments (ex-
ternal and internal wall) and its distribution within
the particle-size fractions were not addressed. In
fact, SOM cycling and microbial activity rely mostly
on SOM location. Gupta and Germida (1988) re-
ported a higher mineralization potential in aggregates
>300 wm compared to those recorded in aggregates of
a smaller size. Chotte et al. (1998) observed different
turn-over rates for soil microorganisms depending on
their location within the soil matrix.

There is an abundant literature dealing with the
usefulness of physical soil fractionation methods for
the characterization of SOM dynamics in relation to
soil texture and structure (Christensen, 1992; Feller
and Beare, 1997). Termites have a selective effect on
SOM content and soil mineral particles (Anderson and
Wood, 1984). The purpose of the present study was
to describe and quantify the impact of the two most
representative feeding habits observed in the tropical
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semi-arid region of Senegal (Sarr et al., 1998) .on the
distribution of organic components within the different
particle-size and aggregate-size fractions. The study
was conducted on two different compartments of the
mound, reflecting possible different patterns of SOM
dynamics within the mound (Fall et al., 1999). Parti-
cle and aggregate size fractions were obtained by two
physical methods of soil fractionation (Gavinelli et al.,
1995; Jocteur Monrozier et al., 1991). The impact of
the feeding habits of termites on the dynamics of SOM
and the roles of the mound’s different compartments
are discussed.

2. Matérial and methods
2.1. Site characteristics

The study was conducted in a field site located in
the village of Sare Yorobana (12°49'N and 14°53'W)
about 700 km south of Dakar. Over the past 20 years,
annual rainfall has ranged between 570 and 1320 mm.
The climate is tropical dry, with a unique rainy season
from June to October. Slash-and-burn agriculture is
carried out on the up-slope plateau. There are still large
areas of woodland. Combretacea (mostly Combretum
geitonophyllum Diels, C. glutinosum Pen.) form the
major component of the woody vegetation. Bush fields
are restricted to-the edge of the plateau, with biennial
groundnut millet crop rotation being the main practice.

The soil is described to as a ferruginous soil or a
Lixisol (FAQ, 1998).

2.2. Termite mounds

Two species constructing epigeal mounds that
belong to the two most abundant feeding groups of
termites (Sarr et al.,, 1998) were investigated in this
area, i.e. Cubitermes niokoloensis (a soil feeding ter-
mite) and Macrotermes bellicosus (a fungus growing
termite). Their mounds were sampled in a 10-year-old
fallow. Each mound was separated into two different
compartments: the external wall corresponding to the
external layer and the internal wall corresponding to
the internal part of the mound. For each mound, a
reference soil sample, composed of 10 sub-samples
pooled together, was taken at least 10m away from
the mound, from the O-10cm soil layer for the




S. Fall et al./Applied Soil Ecology 17 (2001) 131-140 133

Table 1
Physico-chemical characteristics of the two termites mounds

Cubitermes niokoloensis

Macrotermus bellicosus

Internal wall External wall Reference soil Internal wall External wall Reference soil

pH (water) 6.2 6.2 6.0 55 ° 4 6.1
Texture (% dry soil)

Coarse sand 9.6 9.0 66.1 10.5 327 48.5

Fine sand 10.7 9.8 17.6 18,5 195 21.0

Coarse silt 24.9 28.8 6.8 10.8 . 8.8 9.7

Fine silt 27.1 25.4 3.6 8.7 53 8.3
. Clay 23.7 22.8 5.8 48.5 31.8 13.1

Cubitermes mound and from the 0-20 cm layer for the
Macrotermes mound. The soils were stored air dried
and kept at 4°C pending analysis. The characteristics
of these mounds are shown in Table 1.

2.3. Farticle-size fractionation

A sub-sample (equivalent to 30 g oven-dried soil)
was taken from each compartment.’ The soil was
fractionated according to the procedure described by
Gavinelli et al. (1995). Briefly, the soil was suspended
in distilled water (200ml) for 16h in the presence
of sodium hexametaphosphate (40 g1~! final concen-
tration). The soil was rolled end-over-end (50 rpm)
for 2h.with five agate marbles. The suspension was
successively sieved to yield coarse and fine sand-size
fractions (>200 and 50-200 pum, respectively), and the
coarse silt fraction (20-50 pm). Particles of 2-20 pm
were separated from the clay-size fraction (<2 pm)
by sedimentation. The 0~2 um fraction was concen-
trated by centrifugation (2500 x g for 10min) and
the addition of CaCl; (0.1 M final concentration). The
fractions were oven dried (at 60°C for 2 days). Three
replicates of each mound’s distinct compartment were
processed. The fractionation schedule required 5 days
for a complete set of six samples.

2.4. Aggregate-size fractionation

The procedure is very similar to the previous one
except for the dispersion and shaking processes. No
chemical (sodium hexametaphosphate) was used and
the soil sub-samples were rolled for 16h in order
to disrupt macro-aggregates (Jocteur Monrozier

et al., 1991). Similarly, the procedure resulted in five
aggregate-size fractions (>200, 50-200, 20-50, 2-20
and 0-2 pum).

2.5. Soil texture

The mass of the fractions obtained by these
procedures was compared to that of the same frac-
tions isolated by mechanical analyses, that is after
total destruction of SOM with hydrogen peroxide and
the total dispersion of mineral particles in a NH4Cl
solution (1M concentration). The mineral particles
were isolated by the same sieving and sedimentation
procedure. ‘

2.6. C and N determination

Sub-samples of unfractionated soils and fractions
were thoroughly grounded to 200 pwm. Total carbon
and nitrogen were determined by the Walkey and
Black, and Kjeldhal methods, respectively (Bremner,
1965).

3. Results and discussion

Physical fractionation is a powerful tool to char-
acterize the relationship between the SOM and the
soil matrix (Christensen, 1992). Of the two different
approaches used in the present study, one aims at
the entire dispersion of the mineral particles to reach
a mass distribution of particle-size fractions similar
to that obtained by mechanical analysis (Christensen,
1992), while in the second approach the energy




involved in the procedure is meant to limit the dis-
aggregation and the dispersion of soil particles.
This method has been used to evaluate the distribu-
tion and the stability of organo-mineral aggregates
(Henin et al., 1958). These two approaches are com-
plementary, particle-size fractionation giving access
to the “primary organo-mineral complex”, aggre-
gate size fractionation giving access to “secondary
organo-mineral complex” (Christensen, 1992; Feller
et al., 1996). Results obtained from both approaches
are discussed here, complementing the information
on total carbon content. ‘

3.1. Organic matter content in the different
compartments

The results of carbon and nitrogen content analysis

 (Table 2) indicated that the mound of the soil feeding

termite, C. niokoloensis, was outstanding in the level
of its organic matter enrichment. The concentrations
of carbon and nitrogen in the internal and external

wall of the mound were, respectively, 5-10 times

higher than those of the reference soil. In contrast,
carbon and nitrogen contents in the compartments of
the M. bellicosus mound were similar or slightly‘low‘er
(for the internal wall) than those of the reference soil

" (Table 2). The impact of the two termite species on the

organic matter concentration of their mounds varied

‘greatly according to the origin of the construction ma-

terials. Soil feeding termites build their mound with
their very rich feces (Garnier-Sillam and Harry, 1995).

In contrast, deeply sampled soil material, mixed with

saliva, is used by the fungus feeders, and their feces
contribute only to mound construction to a very lim-
ited extent (Grassé, 1984). These results confirm prior
studies (Anderson and Wood 1984; Garnier-Sillam
and Harry, 1995). However, 'the assumption that
soil feeding termites have a positive impact on the

Table 2
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concentration of organic compounds within their
mounds should be taken with caution (Garnier-Sillam
and Harry, 1995). This effect relies very much upon
the quality of the surrounding soil. In rich forest soils,
no or slight differences were noticed, while significant
increases were recorded for mounds built from poor
savanna soils (Anderson and Wood, 1984). While our
results confirm those in the literature, the difference
between the C content of the reference soil and the

~mound of C. niokoloensis is the highest ever docu-

mented. Accordmg to Anderson and Wood (1984),
such nutrient enrichment reveals the capacity of soil

feeding termites to select organic particles from.a’
poor medium. This capacity 'may be responsible for .

the geographical distribution of different soil feeding
termites species, along with. SOM richness (Yapi,
1991). However other authors deny. the possibility of
such a level of selection (Bignell et al., 1980).

This enrichment in the mound of C. niokoloensis
seems also to affect the C/N ratio, being lower for

SOM of the internal and external wall (12 and 16,

respectivély) than that of the reference soil (24). This
change in the SOM quality may have resulted from
a higher activity of soil microorganisms, which were
particularly abundant in that mound compartment
(Fall et al., 1999). For the fungus feeding species,

_ the C/N ratios were generally lower in both compart-

ments, as a result of the very important contribution
of clay particles to their construction (Garnier-Sillam
and Harry, 1995).

3.2. PFarticle-size fractions

3.2.1. Mass distribution

The total mass of the - particle-size fractions
amounted close to 100%, indicating that no loss
occurred during the fractionation procedure. For each
compartment, the mass distribution of the particle-size

Carbon and nitrogen concentration in the soil of the two termite mounds (mean of three replicates = standard error)

Companments . Cubitermes niokoloensis Macrotermus bellicosus’

Total C (mgCg!soil) Total N (mgNg~!soil) C/N To'taI‘C (mgCglsoil) Total N (mgNg~!soil) C/N
Internal wall 377 £ 06 31+02 12 49+ 01 0.6 £01 8
External wall ~ 40.3 & 0.5 25£02 16 6.0 £ 02 0.6 £ 0.2 10
Reference soil 71 %05 03:x01 24 7.0 £ 02 0.7 £ 01 10

£
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Table 3

Mass distribution, carbon concentration and C/N ratio of the particle-size fractions (mean of three replicates £ standard error)

Cubitermes niokoloensis

Macrotermes bellicosus

Carbon

Carbon

Mass g100g™! soil

mgCg~!fraction % of Ct* C/N Mass g100g~! soil mgCg~! fraction % of Ct* C/N

Internal wall (m)

>200 11.37 4 1.13 41,5 £ 1.25 12.5
50--200 1112 £ 1.21 45,5 & 1.03 134
20-50 26.10 2= 1.53 18.7 &+ 0.85 13.0
2-20 25.50 £ 1.16 35.3 + 0.90 23.9
0-2 25.90 &+ 1.02 49.3 £ 0.59 339
Recovery (%) 100 97
External wall (pm)
>200 10.46 & 1.80 61.6 & 1.06 16.0
50-200 11.52 & 1.54 23.0 £ 0.99 6.6
20-50 27.13 £ 1.53 18.9 & 0.56 12.7
2-20 26.13 & 1.52 51.0 & 1.03 33.1
0-2 2472 £ 141 489 £+ 1.10 30.1
Recovery (%) 100 99
Reference soil (jm)
>200 67.17 + 1.44 4.1+ 1.36 38.9
50-200 16.22 £+ 1.25 3.0+ 1.03 7.0
20-50 6.31 & 1.61 5.5 £ 090 49
©2-20 395 +0.95 21.3 £ 0.58 12.0
02 6.41 + 1.30 35.8 £ 0.66 323
Recovery (%) 96 95

33 1056 £+ 1.03 0.3 = 0.20 0.7 nd
12 20,18 £ 1.07 04 £ 0.14 1.6 51
12 11.65 £ 141 1.5 £ 0.35 3.7 22
13 7.24 £ 1.14 54 4+ 0.20 7.1 13
9 5037 %091 8.6 + 0.82 88.4 10
100 102
18 3426 £ 139 24 £ 1.05 13.7 16
15 1977+ 0.82 2.7 + 048 8.7 18
18 8.2 £ 0.87 4.8 + 0.76 6.5 10
13 439 X+ 1.28 13.2 & 1.31 9.6 11
10 3337130 107 + 1.46 59.1 9
100 98
nd 5037 % 1.65 2.3 £ 041 17.0 18
51 20.7 £ 0.73 4.1 £ 0.79 124 15
22 8.69 & 1.54 2.6 &+ 0.55 3.3 18
13 6.98 £ 1.31 8.8 £ 033 © 9.0 13
10 1345 & 1.64 269 £ 0.75 531 10
100 95

3 Calculated as ((fraction mass x Cmgg~!)/(C total of unfractionated soil)).

fractions was not different from that obtained by the
mechanical analysis (Tables 1 and 3).

The mass distribution of the particles isolated from
the two compartments of the two mounds differed
significantly (ANOVA, P < 0.05) from that of the
fractions obtained in the reference soil (Table 3). For
the soil feeding termites, the clay and the coarse size
fractions represented about 25 and 10% of the total
soil mass, respectively, whereas they amounted to 5
and 70% of the total mass of the reference soil, respec-
tively. Although a similar pattern was recorded for
M. bellicosus, the concentration of clays and coarse
sands varied between the two compartments. These
differences in the mass distribution of the particle-size
fractions confirmed the selective impact of termites
on the material used for their construction (Wood,
1988; Garnier-Sillam and Harry, 1995). Nonethe-
less, the selection pattern was restricted to clays for
the fungus-growing termites, whereas it affected the
fractions <50 wm for the soil feeding termites. This
may be explained by the various particle sampling

strategies developed by these two species. Soil feed-
ing termites explore the superficial soil layer near
the mound (Anderson and Wood, 1984). In contrast,
deeper soils and a wider zone around the construc-
tion (10-20m) are subject to the influence of fungus
growing termites (Wood, 1988). Thus, fungus grow-
ing termites sharply affect soil texture and structural
stability over a large zone, while the influence of soil
feeding termites is restricted to the surroundings of
the mound, which results in less damage to soil prop-
erties (Anderson and Wood, 1984; Garnier-Sillam,
1990). However, this conclusion may be reconsid-
ered considering the high density of the mounds of
soil feeding termites and the fact that most of these
species are subterranean termites (Grassé, 1984).

3.2.2. C concentrations

The sum of organic C amounts in the particle-size
fractions was close to 100% (from 95 to 103%).
Any loss of the organic components was recorded
(Table 3).
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For the soil feeding termites, the C concentrations
(mg C g~! fraction) of the different particle-size frac-
tions were higher than those of the fractions isolated
from the reference soil (Table 3). The difference was
particularly high for the fractions >50 m, which
showed a C concentration 10 times higher than that
in the reference soil. However, C concentrations of
particle-size fractions, expressed as a percentage of
the unfractionated soil C, indicated that about 70%
of the total C was associated with the finer fractions
(050 m) in the internal wall. In contrast, these frac-
tions concentrated 50% of the total C of the reference
soil (Table 3). This result confirms the hypothesis that
the protection of organic matter induced by the soil
feeding termites originates from the increase in the
percentage and amount of the organic matter bound to
the clay particles (Garnier-Sillam and Harry, 1995).

Values of C/N ratjo varied (from 9 to 51) between
the compartments and the particle-size fractions. The
highest differences between fractions were recorded
in the fractions >50 pm. These variations in organic
quality and quantity within the fractions isolated from
the mound of C. ‘niokoloensis cannot be attributed
solely to the mechanism of substrate selection (An-
derson. and Wood, 1984; Garnier-Sillam and Harry,
1995). It is likely that they can be partially explained
by the profound transformation of the ingested organic
matter during gut transit. A drasti¢ chemical environ-
ment, which characterizes the soil feeding gut transit
(Brune, 1998) leads to the extraction of the humic
components from the mineral soil matrix, followed by
their dissolution and their partial biodegradation by the
digestive microorganisms (Kappler and Brune, 1999).
Therefore, microbial biomass atd metabolites could
replace hydrosoluble components and/or organic mat-
ter with high C/N ratio present in the ingested material
(Kappler and Brune, 1999). In the feces, these compo-
nents are bound to the clay particles in organo-mineral
complexes, and are therefore protected from further
biodegradation (Garnier-Sillam, 1990).

In contrast to the soil feeding termites, the C concen-
trations of the fractions separated from the mounds of
the fungus growing termites were lower than that of the
corresponding fractions obtained from the reference
soil. This was particularly obvious for the >50 wm
fractions, where the C contents were 7.5 to 10 times
lower than those in the reference soil. This result shows
depletion (internal wall) or relative stability (external

wall) of carbon concentrations in the particle-size frac-
tions compared to those from the reference soil. The
SOM decrease can be attributed either to the selection

of soil material sampled in deep and poor soil lay-

ers, or to the partial degradation of organic substrates
by the termite enzymatic salivary secretions (Rouland

et al., 1988).

3.3. Aggregate-size fractions

3.3.1. Mass distribution

No loss occurred during the fractionation proce-
dure since the sum of the mass of the aggregate-size
fraction amounted to 100% (Table 4). The contri-
bution of the different aggregate size fractions to
the total soil mass differed sharply between the two
mounds and their compartments. The comparative
distribution of the fractions isolated by the two frac-

* tionation procedures revealed that the mass distri-

bution of the aggregate-size fractions differed from

- that of the particle-size fractions (Tables 3 and 4).

The mass of the aggregate-size fractions 20-50 and
50-200 pm in the internal wall of the soil feeding
termites’ mound were higher than those of the cor-
responding particle-size fractions, while the opposite
was the case for the clay sizé fraction. This frac-
tion isolated by the aggregate fractionation procedure
(10.3g100g™1, Table 4), accounted at most for 40%
of the clay mineral particles (25.9 g 100 g™1, Table 3).
Therefore, 60% of these particles remained associated
with larger aggregates (i.e. the 2050 and 50-200 pm
fractions), the gain in mass of these fractions cor-
responding to the mass of non-dispersed clays. No
significant impact of the two methods was observed
on the mass of the >200 and 2-20 pm fractions. In
contrast to the internal wall, the non-dispersed clays
(15.9g100g™! soil, Table 5) of the external compart-
ment contribute to all other fractions. However, this
contribution was bimodally distributed in the fine and
coarse-sand size fractions (4-8.8 and +3.5g100g™!
soil, respectively, Table 5). For the reference soil,
the extent to which the fractionation procedure af-
fected the mass distribution of the fractions was less
than that for the mound materials. Nevertheless, the
mass of the 2~20 and 50-200 pm fractions estimated
by aggregate fractionation, increased slightly, while
that of the clay size decreased by almost 5%. For
the fungus growing termites, the results between the
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Table 4

Mass distribution, carbon concentration and C/N ratio of the aggregate-size fractions (mean of three replicates = standard error)

Cubitermes niokoloensis

Macrotermes bellicosus

Carbon

Carbon

Mass g100g~! soil mgg! fraction % of Ct* C/N Mass g100g~! soil mgg™! fraction % of C* C/N

Internal wall (pnm)

>200 11.8 & 1.08 46.7 + 1.67 14.6
50-200 18.7 £ 0.93 39.9 + 1.49 19.9
20-50 33.8 £+ 1.19 244 =+ 0.89 21.9
2-20 25.4 % 1.14 35.1 £ 1.21 23.7
0-2 103 & 145 61.7 £ 0.50 16.9
Recovery (%) 100 99.8
External wall (pum)
>200 13.0 + 141 36.9 4 1.48 12.8
50-200 203 4 144 44.8 22.6
20-50 28.7 £ 1.23 29.0 20.7
2-20 28.1 = 1.08 444 + 1.57 31.0
0-2 8.9 £ 0.99 55.8 £ 1.20 123
Recovery (%) 99 96.9
Reference soil (p.m)
>200 67.9 & 1.51 4.1+ 136 394
50-200 18.2 = 1.20 3.0+ 1.03 13.2
20-50 6.6 + 1.10 5.5 £ 0.90 8.2
2-20 5.6+ 1.34 21.3 £ 0.58 25.6
0-2 1.6 & 0.51 35.8 £ 0.66 8.3
Recovery (%) 99.9 95.1

29 9.7 £ 14 0.6 £ 0.19 1.2 11
12 19.0 £ 1.1 1.2 £ 0.27 4.8 12
13 119 &+ 14 2.3 £ 048 5.6 12
17 159 £ 1.0 6.8 & 0.24 223 16
7 43.5 £ 0.7 74 + 131 66.1 8
100.0 99.8
22 333+ 09 1.9+ 1.1 10.7 11
18 199 % 1.5 20409 6.7 12
16 89+ 06 63 + 0.7 9.3 12
17 73+ 1.2 19.1 £ 07 28.0 16
12 306 £ 1.3 8315 42.3 8
99.9 96.9
51 49.6 £ 1.1 2.5 £ 0.66 18.3 12
36 208 + 14 3.0 £ 076 9.2 11.
23 10.8 £ 1.0 5.0 4 0.62 79 12
15 8309 12.8 & 1.37 17.6 14
12 10.6 &+ 1.4 26.9 &+ 0.64 42.0 12
100.0 95.1

2 Calculated as ((fraction mass x Cmg g~ /(C total of unfractionated soil)).

different soil fractionation procedures did not reveal
any significant difference for the compartments.

3.3.2. C concentration

No loss of organic C occurred after soil fractiona-
tion (96 to 99.8% of C recovery, Table 4). In the C.
niokoloensis mound, the C concentration (mgCg™!
fraction) of each aggregate-size fraction was higher
than that of the reference soil (Table 4). The difference
was particularly obvious for the 20-50 and 50-200 pm
fractions, where the C concentration was, respectively,
4.5 and 13 times higher in the internal wall than that
in the same aggregate size fractions obtained from the
reference soil.

For the fungus growing termites, all aggregate frac-
tions, except for the 2-20 pm of the external wall,
showed lower C concentrations than those in the
reference soil. Regardless of the origin of the soil,
most of the C expressed as a percentage of the total
soil C, was concentrated in the fractions <20 pm

(i.e. 2-20 and 0-2 pwm). The general C distribution
within aggregate-size fractions was similar in the two
compartments of the soil feeding termite mound. Car-
bon associated with the aggregate-size fractions <2
and >200 wm amounted, respectively, to 66 and 1%
of the total C in the internal wall, and 42 and 10% of
the total C in the external wall.

For the soil feeding termite mound, values of the
C/N ratio in the aggregate fractions of the mound com-
partments were at most equal to those of the reference
soil. No difference in C/N ratio was recorded for the
fungus growing termites.

It is possible to calculate the quantity of material
kept aggregated in structures of larger size by com-
paring the C concentrations of the fractions obtained
with the two procedures (Table 5). This calculation
concerned only the soil feeding termites, as for the
fungus growing species, no significant difference was
recorded in term of mass distribution between the
two fractionation procedures (Tables 3 and 4). The
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Table 5
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Differences (aggregate-size fractions—particle-size fractions) in the mass and carbon concentrations within the fractions isolated from the

different compartments of a C. niokolnensis mound®

Compartments 'Fraction (pm) Mass® Carbon
g100g~! soil mg 100g™! soil® mgg~! fraction®
"Internal wall >200 0.4 0.7 1.8
:50-200 7.6 24 0.3
20-50 7.1 34 04
2-20 -0.1 -0.1 0.8
0-2 —15.6 —6.4 04
External wall >200 35 -3.2 n.c.
50-200 8.8 16.0 0.7
20-50 1.6 8.0 2.0
2-20 1.9 -2.1 ‘ nc.
0-2 ~-15.9 -17.8 0.4
Reference soil >200 -0.8 0.5 ‘ n.c.
50-200 2.0 6.2 0.04
20-50 0.3 33 0.03 -
2-20 1.6 13.6 0.21
0-2 : —43 243 036

2 ASF: aggregate size fraction; PSF: particle-size fraction; n.c.: not calculable.

b Calculated as (AMass = mass of ASF — mass of PSF).

¢ A calculated as [AC = ((mass of ASF x Cmg g"l)/IOO) — ((mass of PSF x Cmgg~!)/100)].

4 AC/AMass.

comparison of carbon concentration in clay fractions
clearly indicated that the clay should not be consid-
ered as a homogeneous entity. For the internal wall,
C concentration obtained after the total dispersion
represented 49 mg C g~! fraction, while after the less
disruptive method it amounted to 61mgCg™!, the
difference being significant (ANOVA, P < '0.05).
For the other chpartmenfs, the differences were less
pronounced, being nil for the reference soil. For the
internal wall, carbon associated with the non dis-
persed clay particles amounted to 6.4mgC100g~!
soil, representing (Table 5) almost 20% of the C of
the unfractionated soil (Table 2). The C concentration
of this non-dispersed material (0.4 mg C g™ fraction)
was very similar to the concentration of the fraction
responsible for gain of mass of the aggregate-size
20-50 and 50-200 um. Therefore, these fractions
were likely to be composed of aggregated clays. As
for the internal and external walls, the C associated
with the non-dispersed material accounted for 20% of
the C of the unfractionated soil. Moreover, its C con-
centration was similar to that recorded for the internal
wall (04mgC g~ ! fraction). Nevertheless, some dif-
ference might be pointed out. While a direct transfer of

non-dispersed material to aggregate-fraction might be
hypothesized for the internal wall, no direct relation-
ship between the C concentration of the non-dispersed
clay particles and that of the material gained by the
other fractions could be identified for the external
wall (Table 5). Therefore, it is likely that clay particles
of that compartment are confined to fine aggregates
(2-50 m) and that the 50200 pm aggregates might
have resulted from the association of particles of the
silt size. This different model in aggregate hierarchy
(Oades and Waters, 1991) might be explained by
different turn-over patterns of organic components re-
sponsible for the stability of the aggregates (Hassink,
1997). These two different fractionation procedures
allow us to distinguish an- interesting characteris-
tic of the termite aggregation pattern. Compared
to the reference soil, soil feeding termites seemed
likely to be responsible for the formation of aggre-
gates of the coarse-silt size (i.e. 20-50 pm). This
result, which needs to be confirmed for other species,
could indicates that the 20-50 um aggregates could
serve as a “signature” of soil feeding termite activ-
ity in soil, as already pointed out by Eschenbrenner
(1986).
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4. Conclusions

This comparative study based on two complemen-
tary fractionation procedures yielded useful insights
on the impact of tropical termites on SOM. This work
provides the first evidence at the fraction level, of the
negative impact of a fungus growing termite species
on SOM. These termites depleted SOM content accu-
mulated within their mounds and had little effect on
soil structure. Conversely, soil-feeding termites tended
to concentrate SOM in each particle-size fraction of
their mounds. This study confirmed that a significant
part of SOM (60%) is protected from active miner-
alization due to its distribution within the fine soil
fractions. The differential physical fractionation ap-
proaches provided for the first time evidence for an
aggregate size fraction (20-50 wm) specific for soil
feeding species constructions. This result remains to
be confirmed for other species in order to determine

whether this aggregate could be used as an indication -

- of soil feeding termite activity in tropical soils. The
SOM enrichment of the mound soil may indicate that
this structure should not be considered as just a ter-
mite shelter. The ecological significance of soil feed-
ing termite mounds in terms of termite nutrition and
SOM cycling are currently under investigation.

Acknowledgements

This work received financial support from the
“Biodiversity and Ecosystem Functioning” Program
of the French CNRS, the EEC Project “Reduction
of the Fallow Length, Biodiversity and Sustain-
able Development in Central and West Africa”
(TS3-CT93-0220, DG12 HSMU) (Floret, 1998), the
French Institute for Research and Development (IRD,
former-ORSTOM). We acknowledge J. Fardoux for
providing technical support.

References

Anderson, J M., Wood, T.G., 1984, Mound composition and
soil meodification by two soil-feeding termites (Termitinae,
Termitidae) in a riparian Nigerian forest. Pedobiologia 26,
77-82.

Bignell, D.E., Oskarsson, H., Anderson, J.M., 1980. Distribution
and abundance of bacteria in the gut of a soil-feeding termite

Procubitermes aburiensis (Termitidae, Termitinae). J. Gen.
Microbiol. 117, 393-403.

Brauman, A., Bignell, D.E., Tayasu, L., 2000. Soil-feeding termites:
biology, microbial association and digestive mechanisms. In:
Abe, T., Bignell, D.E., Higashi, M. (Eds.), Termites: Evolution,
Sociality, Symbioses, Ecology. Kluwer Academic Publishers,
Dordrecht, pp. 233-259.

Bremner, J.M., 1965. Inorganic forms of nitrogen. In: Black, C.A.
(Ed.), Methods of Soil Analysis, Vol. II. American Society of
Agronomy, Inc., Madison, pp. 1179-1237.

Brune, A., 1998. Termite gut: the world smallest bioreactor.
Trends Biotechnol. 16, 16-21.

Chotte, J.L., Ladd, JN., Amato, M., 1998. Sites of microbial
assimilation and turn-over of soluble and particulate C-labelled
substrates decomposing in a clay soil. Soil Biol. Biochem. 30,
205-218.

Christensen, B., 1992. Physical fractionment of soil and organic
matter in primary particle size and density separates. In: Carter,
M., Stewart, B. (Eds.), Advances in Soil Sciences. Springer,
New York, pp. 1-90.

Eschenbrenner, V., 1986. Contribution des termites & la micro-
agrégation des sols tropicaux. Cahier ORSTOM, serie Pedologie
XXI1I, pp. 397-408.

Fall, S., Hamelin, J., Rouland, C., Chotte, J.L., Lensi, R.,-

Nazaret, S., Brauman, A., 1999. Microbial diversity and
activity in soil-feeding termites nest in tropical arid soil. In:
Paper (abstract) presented at the Microbial diversity of the
International Meeting of the American Society for Microbiolgy,
Chicago, IL, USA.

FAQ, 1998. World reference base for soil resources. World Soil
Resources Reports. Food and Agricultural Organisation, Rome,
98 pp.

Feller, C., Beare, M.H., 1997. Physical control of soil organic
matter dynamics in the tropics. Geoderma 79, 69-116.

Feller, C., Albrecht, A., Tessier, D., 1996. Aggregation and
organic matter storage in kaolinitic and smectitic tropical soils.
In: Carter, ML.R., Stewart, B.A. (Eds.), Structure and Organic
Matter Storage in Agricultural Soils, Advances in Soil Science.
CRC Press, Boca Raton, pp. 309-359.

Garnier-Sillam, E., 1990. Comparative physico-chemical properties
of soil-feeding Thoracotermes macrothorax and fungus-growing
Macrotermes miilleri termite mounds. Environ. Biogeochem.
48, 7-13.

Garnier-Sillam, E., Harry, M., 1995, Distribution of humic
compounds in mounds of soil-feeding termite species of
tropical rainforests: its influence on soil structural stability.
Insectes sociaux 42, 167-185.

Garnier-Sillam, E., Braudeau, E., Tessier, D., 1991. Role des
termites sur le spectre poral des sols forestiers tropicaux. Cas
de Thoracotermes macrothorax Sjbstedt (Termitinae) et de
Macrotermes miilleri (Sjostedt) (Macrotermitinae). Insectes
sociaux 38, 397-412.

Gavinelli, E., Feller, C., Larre-Larrouy, M.C., Bacye, B., Djegui,
N., Nzila, 1.d.D., 1995. A routine method to study soil organic
matter by particle-size fractionation: example for tropical soils.
Commun. Soil Sci. Plant Anal. 26, 1749-1760.

Grassé, PP, 1984. Fondation des sociétes — Constructions.
Termitologia, tome II. Masson, Paris, 728 pp.




S

o S

140 ) " 8. Fall et al,/Applied Soil Ecology 17 (2001) 131-140

Gupta, V.V.S.R., Germida, J.J., 1988. Distribution of microbial
biomass and - its activity in different soil aggregate size
classes as affected by culuvanon Soil Biol. Blochem 20,
777786 -

“Hassink, J., 1997. The capacity of soils to preserve organic C

and N by their association with clay and silt partlcles Plant
Soil 191, 77-87.
Henin, S., Monnier, G., Combeau, A., 1958. Methode pourl étude
. de la stabilité structural des sols.” Ann. Agron, 9, 73-92.

Jocteur Monrozier, L., Ladd, J.N., Fitzpatrick, R.W., Foster,
R.C., Raupach, M., 1991. Components and microbial biomass
content of size fractions in soils of contrastmg aggregatlon
Geoderma 49, 37-62.

Kappler, A., Brune, A
oxygen status on moblhzatlon and size-class distribution of
humic acids in the hindgut of soil-feeding termites. Appl. Soil
Ecol. 13, 219-229.

Lavelle, P, 1997. Faunal activities and soil processes: adaptive
strategies- that - determine ecosystem function. Adv Ecol, Res.

-+ 27, 93-130.

Lavelle, P., Dangerfield, M., Fracoso, C., Eschenbrenner, V., Lopez-
Hemadez, D., Pashanasi, B., Brussaard, L., 1994. The
relationship between soil macrofauna and tropical soil fertility.
In: Woomer, PL., Swift, MJ. (Eds.), The Biological

,.1999. Influence of gut alkalmlty and .

Management of Troplcal Sml Fertility. TSBF, Wiley-Sayce,
pp. 137-168.

Lobry de Bruyn, LA, Conachet, AJ 1990, The role of termites

> and ants in soil mochﬁcatmn a review. Aust. J. Soil Res. 28,
55-93,

QOades, I.M., Waters, A.G., 1991 Aggregate hierarchy in soils.
Aust. 1. Soil Res. 29, 815-829. :

Rouland, C., Lenoir-Rousseaux, J.J., Mora, Ph., Renoux, J 1988.
Origin of the exocellulase and the B-glucosidase purified from
the digestive tract of the fungus growing termite Macrotermes
miilleri. Sociobiology 15, 237-246.

Sarr, M., Agbogba, C., Russell-Smith, A., 1998, The effects of
length of fallow and’ cultivation on termite abundance and
diversity in the sahelian zone of Senegal a prehmmary note. .
Pedobiologia 42, 56-62. ‘

Wood, T.G., 1988. Termites and the soil environment. Biol. Fertil.
Soils 6, 228-236:

Wood, T., Johnson, R.A., Anderson, J.M., 1983. Modification
of soils in- a Nigerian savanna by soﬂ-feedlng Cubitermes
{Isoptera, Termididae). Soil Biol. Biochem. 15, 575-579.

. Yapi, A, 1991, Blologle, Ecologie et metabolisme digestif de

quelques espices de termites humivores de savane. University
Thesis, Faculté des Sciences et Techniques de I’Université
d’Abdean, Abldjan, 92 pp.




