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Propositions 

1 Crusted soils cannot be rehabilitated effectively unless infiltration is increased. 
This thesis 

Under the semi-arid conditions of the Sahel, soil fauna is a key element without which 
the improvement of agricultural production through the management of organic 
material cannot be achieved. 
This thesis. 

The manipulation of termite-mediated processes should be taken into account in the 
management of soil to enhance soil quality in agroecosystems of the semi-arid 
Sahelian zone. 
This thesis 

The physical effect of mulch without termites is of less importance than the effect of 
termites induced by mulching for the rehabilitation of crusted Sahelian soil. 
This thesis 

Termite-induced change of soil structure favours serveral soil properties such as 
hydraulic conductivity and infiltration, but not the soil's capacity to store water. 
This thesis 

In the semi-arid regions, the state of the soil surface is the most important factor 
governing the field soil water balance. 
Casenave, A. and Valentin, C, 1989. Les états de surface de la zone Saheliélienne. 
Influence sur l'infiltration. Edition de l'ORSTOM. Paris. 
This thesis 

Termites are key ecosystem engineers in semi-arid ecosystems. 
This thesis 
Black, H.I.J, and Okwakol, M.J.N., 1997. Agricultural intensification, soil 
biodiversity and agroecosystem function in the tropics: the role of termites. Applied 
Soil Ecology (in press). 

If there was ever a time in history that we should consider all possible alternatives to 
solve agricultural problems in the Sahel, then that time is now. 



It is a mistake to think that a participatory approach in rural development is sufficient 
for economic development in the Sahel. 

10 Whoever could make two ears of corn .... to grow upon a spot of ground where only 
one grew before, would deserve better of mankind,...than the whole race of politicians 
put together. 
Jonathan Swift, a voyage to Brobdingnag. 

11 Aid should contribute to kill aid. 

12 The Antenne should not be closed in 1998. 

Abdoulaye Mando 
'The role of termites and mulch in the rehabilitation of crusted Sahelian soils'. 
Wageningen, 23 April, 1997 



Abstract 

Land degradation is a major agricultural problem in the Sahel. During recent decades 
Sahelian soils have gone through serious and various forms of degradation, the most 
spectacular one being the extension of completely bare and crusted soils. This thesis focuses 
on the contribution of termite activity triggered by the use of various types of mulch to the 
rehabilitation of crusted soils in the Sahelo-Soudanian zone of northern Burkina Faso. 

Mulch, when placed on a crusted and bare soil, can trigger termite activity within a 
few months. Termite activity results in a change in soil structure. Many burrows are opened 
through the sealed surface of the soil due to the burrowing activity of the termites. Throug
hout the soil profile, macropores with irregular shapes and with different diameter sizes are 
created. The aggregation of the soil by termites through their building systems is also 
observed. As a result of changes in soil structure, other soil physical properties are also 
improved. Soil resistance to cone penetration is reduced from a critical to a suitable level for 
vegetation growth. Bulk density is decreased and soil hydraulic conductivity is greatly increa
sed. Water infiltration and drainage are also greatly improved. The combination of the 
increase of porosity and infiltration and the cover effect of mulch results in an increase of 
soil water availability in the soil profile during the growing season. 

Termite activity enhances decomposition of the mulch and hence nutrient release in 
the soil. The quantity of this nutrient release depends on chemical quality of the mulch. 

The change of soil characteristics due to termite activity was enough to create 
conditions necessary for natural vegetation development and crop production on previously 
degraded bare soils. 
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Chapter 1 

Soil degradation 

Environmental degradation is proceeding at an unprecedented rate in many tropical regions, 
especially in the semi-arid Sahelian zone, jeopardizing the potential of the agricultural system 
to meet the food, fuel and clothing needs of the ever increasing population. In this zone, the 
combined effect of soil organic matter depletion, primary production decrease due to 
mismanagement of the fragile ecosystem and the harsh climatic conditions has resulted in the 
extension of crusted soils (Stein et al., 1988; Stroosnijder, 1992). These soils are 
characterised by very low infiltration capacity, nutrients imbalance, reduced biodiversity and 
therefore zero to very low primary production. The most common response to this 
phenomenon has been land abandonment. Some of the consequences are: (1) the decrease of 
the per capita availability of arable land which has reached a critical threshold in many 
southern Saharan countries (World Bank, 1989); the decrease of the per capita food 
production and subsequently the decline of human welfare and (2) the occurrence of a social 
crisis due to the ever increasing shortage of land. 

In such circumstances, the Sahelian countries have no choice but to undertake land 
rehabilitation. For economic and environmental reasons, modern techniques such as the use 
of fertilizers and heavy machines are not suitable for land rehabilitation in the Sahel. 
Therefore, attention focuses on alternative solutions. The aim of the work reported in this 
thesis was to evaluate to which extent termite activity, when it is triggered on crusted soil 
can improve soil properties and functions (i.e primary production and environmental 
buffering). 

Termites as part of the soil system 

Termites, animals of the order Isoptera are polymorphic social insects which live in nests 
(termitaria) of their own construction (Lee and Wood, 1971). On the basis of their food 
sources functional groups can be defined. Three main groups are known; (1) Plant material 
feeders: live, fresh dead and dead material in various stages of decomposition and soil rich 
in organic matter (Wood, 1996), (2) humivorous termites feeding on humus and (3) fungal 
feeders. Cases of cannibalism are also found (Lee and Wood, 1971). Readers are referred 
to Lee and Wood (1971), Wood (1996) and Black and Okwakol (1997) for more details on 
food sources of termites. 

On the basis of nesting behaviour two main groups are found: soil nesting termite 
species including mound building species and subterranean species (having subterranean 
nests), and non-soil nesting species (such as arboreal nesting species in Amazonia, Martius, 
1994). 

Termites are the most important soil fauna in the arid tropics (Lee and Wood, 1971; 
Lobry de Bruyn and Conacher, 1990 and Bachelier, 1978), intensely interacting with the soil. 
Both the biotic and abiotic state of the soil affect the termite population and activity. Soil 
water content is a key element affecting termite activity as termites are very susceptible to 
desiccation because of their soft cuticle with poor water retaining properties (Moore, 1969). 
Termites need a lot of water to produce the saliva for mixing their building materials. 
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The quality and availability of food and thus the vegetation type in the environment 
determine the composition and the size of a termite community. Soil textural composition and 
other soil physical conditions are important factors for termite activity. Bachelier (1978) 
stated that termites disappear from an environment with less than 10 % clay content. 
According to Boyer (1975) all soil nesting termites prefer soils with a (clay+silt)/sand ratio 
superior to 10. Within this group, humivorous species prefer soils with the lowest clay 
content. Cracking clay soils are not suitable to termites as the seasonal cracking prevents 
termites from building stable structures (nests and galleries). The exact influence of soil type 
on the geographical distribution of termites species is not well known and future research 
should pay closer attention to this aspect. 

A relatively high and constant temperature during the major part of the year is 
essential for termite survival. Pomory (1977) has found a minimum temperature for termites 
in Africa of 9°C . In Texas, USA, Bodine and Ueckert (1975) have found the same 
minimum temperature for termites. 

The construction of nests, gallery systems or sheetings from soil or from a mixture 
of soil and other material within the soil horizons or on the soil surface affect the physical 
and chemical status of both the material used for the construction and the surrounding soil 
from which the materials were taken. In fact, structure, structure stability, porosity and 
chemical status of the soil are to a large extent altered by termite activity (Greaves, 1962; 
Lee and Wood, 1971; Maldagué, 1964; Lobry de Bruyn and Conacher, 1990; Elkins et al., 
1986; Mando, 1991; Lee and Foster, 1991 and Humphreys, 1994). 

Termites and soil physical properties 

The influence of termites on soil physical properties is dynamic, involving bioturbation and 
biochemical action, (Black and Okwakol, 1997). A lot of work has been carried out on the 
effect of mound building termites on soil aggregates and other soil physical properties 
(Miedema and van Vuure, 1977; Boyer, 1975; Eschenbrenner, 1986; Lee and Wood, 1971; 
Lobry de Bruyn and Conacher, 1990). Their behaviour in selecting, transporting, and 
manipulating soil particles and cementing them together with saliva brings some immediate 
changes in soil structure and properties (Wood, 1996). Although mound building termites 
have the most obvious effect on the soil, the activity of subterranean nesting termites can be 
equally or even more important to natural ecosystems and agrosystems (Bodine and Ueckert, 
1975; Ferrar, 1982; Nutting et al., 1993). In this thesis, the main focus will be on the effect 
of subterranean termites on soil physical properties as little attention has been paid to their 
possible positive role in soil management. It is known that the vast three-dimensional network 
of subterranean galleries and epigeal runways associated with foraging and nest construction 
affect pore space (Maldagué, 1964; Arshad, 1982; Kooyman and Onck, 1987; Mando, 1991) 
and the infiltration of water into the soil (Elkins et al., 1986). Whitford, (1991) investigated 
the effect of subterranean termites in Chihuahuan desert rangelands in New Mexico. On plots 
where termites had been eliminated, soil bulk density was 1.99 g cm3, soil porosity was 
25%, infiltration rate was 51 mm h1 and runoff volume after 45 mm of heavy rainfall (124 
mm h1) was 38 mm. On the termite plots, the soil bulk density was 1.70 g cm3 , soil 
porosity was 36%, infiltration rate was 88 mm h"1 and runoff volume after 45 mm of heavy 
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rainfall was 18 mm. No example of such experiments in the Sahel is known although termites 
are the major soil fauna component of the region. 

The implications for smallholder farmers of the termites' mediating role in regulating 
soil quality is quoted in the literature (Logan, 1992; Lai, 1987, Veeresh and Belavadi, 1986) 
but an experimental approach to ascertain the relevance of the effect of termites on soil 
porosity and water infiltration and its significance for soil management is not explored so far. 
These aspects therefore form an important part of this thesis. 

Termites and vegetation development 

Ratcliffe et al. (1952) noted that in a semi-arid area termite galleries extend to considerable 
depths below the surface, sometimes penetrating an underlying mass of limestone. They 
found that plant roots frequently followed the courses of old soil-packed galleries. Robinson 
(1958) studied the development of roots of coffee plants in infilled termite galleries in Kenya. 
He concluded that where axial roots penetrate termite tunnels there was a high degree of fine 
root proliferation. Arshad (1982) measured higher plant species diversity and biomass 
production associated with termite foraging territories as compared to the surroundings. In 
the Chihuahan (New Mexico) desert, the mediating role of termites in nutrient cycling and 
water availability is reflected in primary production and plant community structure 
(Moorhead and Reynolds, 1991, Whitford, 1991). Elkins et al. (1986) found a decline of 
vegetation diversity and biomass production from plots where termites were eliminated. The 
problem with many of these findings is that causes and effects are often not well separated. 
The use of termite activity as a soil management strategy for vegetation establishment is 
rarely quoted in literature. Therefore this thesis will deal with this aspect emphasising the use 
of termites as biological tools for land rehabilitation. 

Study area 

The study area is situated in northern Burkina Faso (West Africa), about 4° west and 13° 
north. All the work in this thesis was conducted in Bourzanga which is a village located in 
the province of Bam (Figure 1.1). 

Climate and vegetation 

The area has a Sahelo Soudanean climate according to the classification of Unesco ( 1977). 
Rainfall amount in the area is irregular, ranging from 400 mm to 700 mm per year. Rainfall 
occurs in four months (June to September). The rainfall is unimodal and is governed by two 
specific winds. The harmattan brings dry and dusty air from the Sahara regions (north) and 
is accountable for the dry period. The second specific wind is the monsoon which brings 
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Dqputuaeiitaf 
BODRZANGA 
(experimental site) 

Figure 1.1: Location of the experimental site 

humid air from the atlantic ocean (south-west) and is accountable for the rainy season. The 
line along which the above two winds meet is called the Inter Tropical Front (ITF). The area 
south of the ITF is wet and the one north of it is dry. The ITF reaches the experimental site 
going north by the end of May and passes it again going south by October. 

Mean daily temperature varies from 20 to 30°C with great diurnal changes (Bunasol, 
1995). 

The vegetation is of the Sahelo Soudanian type. Perennial grasses are rare in the area, 
only Andropogon gay anus is found in the valleys and on the borders of the arable plots. The 
annual herb species are dominated by Schoenefeldia gracilis, Aristida adscencionis and Zornia 
glochidiata. Shrubs of Combrataceae and Minosaceae (mainly Acacia spp) families dominate 
the woody component of the vegetation. The most common species are: Combretum 
micranthum, Combretum glutinosum, Sclerocarya birrea, Acacia nilotica and Acacia seyal. 
Due to human pressure (fire, overgrazing and continuous cultivation) bare spots are spreading 
in the area. 

Geology, geomorphology and soils 

The underlying rocks in the area belong to a precambrian basement complex consisting of 
crystalline rocks (porphyroid granite and biotite granite) and associated metamorphic rocks, 
mainly of schistic character (Hottin and Ouédraogo, 1975). 
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The area lies 350 m above sea level and the landscape can be characterized by a 
catena with the following positions: crest, upper slope, middle slope, lower slope and valley 
bottom. Regosols dominate the crests and the upper slopes while at the middle and lower 
slopes Lixisols and Cambisols are found (Bunasol, 1995). The soils are chemically poor and 
have clay with low activity (Bunasol, 1995). 

Termites in the area 

Termites are the most important soil fauna component of the area. Ouédraogo (1990) has 
found species of the following genera: Macrotermes, Odontotermes and Cubitermes. In the 
experimental site, three species were identified: Odontotermes smeathmani (Fuller) 
Microtermes lepidus (Sjöst) and Macrotermes bellicosus (Sjöst) (H.I.J., Black, pers.comm.). 

Outline of the thesis 

The main aim of this study was to monitor the dynamics of crusted-soil physical properties, 
its water balance and its vegetation after triggering termite activity through the application 
of mulch. Figure 1.2 presents the split-plot design of the experimental field. Details are given 
in Chapters 4, 5 and 6. It consisted of three blocks, two main treatments [Termite (T) plots 
and Non Termite plots (NT)], four subtreatments (Straw mulch, Wood mulch, Composite 
mulch and Bare at rates of 3, 6, 4 and 0 Mg ha "' respectively). The main plots were 50 m 
* 50 m and located 50 m apart. 

Two additional studies were also carried out: (1) Assessing the effect of termites on 
infiltration in order to understand how termites affect infiltration of consecutive rainfall 
events into termite-modified soil; (2) Establishing the effect of termites and the chemical 
composition of the applied mulch on nutrient uptake and crop performance. 

The results of quantitative and qualitative micromorphological investigations of termite 
burrows and termite-made aggregates are presented in Chapter 2. Chapter 3 contains an 
analysis of termite-mediated change of infiltration into crusted soil. The effect of consecutive 
showers on infiltration parameters is discussed. Chapter 4 deals with the effect of termites 
and mulch on soil physical properties and Chapter 5 deals with the effect of mulch and 
termites on the water balance of initially crusted soil. Chapters 6 and 7 present the response 
of the natural vegetation and the response of cow pea to the triggering of termite activity 
through mulch. Finally, findings from chapters 2 to 7 are synthesized in Chapter 8 and the 
consequences for future research and soil management are discussed. 
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Abstract 

A morphological approach was used to study the influence of termite activity on crusted 
soil. The structure of the top layer (0 - 10 cm) of these soils is degraded (no functional 
voids and no aggregates). Composite mulch (woody material + straw) was applied at 
the rate of 4 Mg ha"1 to trigger the activity of termites. Termite-induced features in soil 
structure were described and quantified by means of field observations, observation with 
polarizing microscope and computerized image analysis using Quantimet 970. 

The termite activity after the application of the mulch resulted in a change from 
a compact grain structure (original structure) to a chamber and channel structure. The 
channels and chambers accounted for over 60% of the macroporosity in the 0-10 cm 
layer. Unmulched plots (i.e bare plots) mostly had packing voids, very few macropores, 
no voids with equivalent circle diameter (ECD) greater than 2 mm and one-third the 
number of voids with ECD > 100 jtm compared with the plots with termite activity in 
the 0-10 cm layer. In the mulched plots the sealed surface was perforated by termites, 
resulting in many visible open voids. These plots were covered by sheetings that 
consisted of fine soil material transported to the soil surface and linked up by termites. 

In the deeper layers, termite-induced change of soil structure after mulching was 
difficult to confirm since both on mulched and bare plots there are many termite-
mediated features from previous termite activity. These features are numerous voids, 
open or infilled, generally with crumbs. The latter are the only type of aggregate found 
in these soils, suggesting that termites play an important role in soil aggregation in such 
environments. 

This study provides information about the influence of termites in the 
improvement of a sealed/crusted topsoil structure. It shows that soil surface management 
such as mulching which enhances termite activity is an option to consider when 
improving degraded soil structure. 

Key words: termites, mulch, soil structure, macropores, aggregates, rehabilitation. 

Introduction 

In the Sahel, the combined effects of climatic conditions, continuous cultivation, overgrazing 
and trampling by cattle have resulted in the spread of bare soils with a degraded structure 
and a sealed surface which impedes water infiltration and root growth. Such soils constitute 
a great threat to the Sahelian agricultural system and should therefore be rehabilitated if the 
agricultural system is to be sustained. However, their rehabilitation cannot be achieved unless 
conditions are created for the restoration of voids open to the surface, to facilitate the 
movement of water and air and the growth of plant roots into the soil profile (Anderson, 
1988, Edwards et al., 1990). In the Sahel tillage is often used to create voids to allow water 
to infiltrate into sealed soils, but this practice has been proved to create unstable voids 
(Kooistra et al., 1988) and thus has no lasting effect on infiltration (Stroosnijder and 
Hoogmoed, 1984). 
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The stimulation of soil fauna, especially termites, in the semi-arid and arid zones is 
an option to improve soil structure (Mando et al., 1996). Termites can affect the soil by their 
burrowing and excavation in search of food, or the construction of living spaces or storage 
chambers in the soil or above the ground. The active transport of soil particles and their 
deposition on the soil surface or in voids can significantly affect soil structure (Lee and 
Foster, 1991). Many authors have pointed out the effects of termite activity on soil fertility. 
Elkins et al. (1986) have reported a decrease of soil infiltration capacity after termites had 
been eradicated from the Chihuahuan desert ecosystem. Mando (1997) has shown that the 
stimulation of termite activity on crusted soil improves its physical properties and its water 
balance and has related that situation to termite burrowing activity. However, few data exist 
on the nature of the subterranean termite-induced soil structure and pedofeatures, as most 
available data are on the pedofeatures of mound-building species (Miedema and Van Vuure, 
1977, Wielemaker,1984, Miedema et al., 1994; Eschenbrenner, 1986). Furthermore, very 
little has been done to make use of termite-mediated processes in land management. 

This paper describes a micromorphological study of the effect of subterranean termite 
burrowing and building activity in the improvement of degraded soil structure. The aim was 
to describe termite-induced soil microstructure and pedofeatures in order to establish and 
evaluate the extent of termite-induced change of the structure of crusted soil after mulching. 

Methods 

Site Description 

The investigation was conducted in northern Burkina Faso, West Africa (about 4° West, 13° 
North). The climate is Sahelian Sudanian according to Unesco (1977). Rainfall is unimodal 
and occurs for 4 months (from June to September). Temporal and spatial irregularity is one 
of the major characteristics of rainfall distribution in this area. Annual rainfall is ranging 
from 400 mm to 700 mm. 

The vegetation is of the steppe type according to Unesco's (1973) classification, with 
large bare areas. The life form for the grasses is dominated by annual therophytes; perennial 
grasses are rare (Mando, 1991). The woody component is dominated by shrubs. The most 
important families are Mimosaceae and Combretaceae. The common termite genera are 
Microtermes, Macrotermes and Odontotermes. The most common soil types in the area are 
Lixisols and Cambisols (Bunasol, 1995). 

The experiment from which data are reported was laid out on a Ferric Lixisol 
according to FAO-Unesco (1994). It has a pH (H20) of about 4.1 at 5 cm depth and of 6.1 
at 110 cm depth. CEC (CaCl2 extraction) is 6 meq per 100 g at 5 cm depth and 12.4 meq 
per 100 g at 120 cm depth. The textural class is sandy loam (20% clay, 43% silt and 37% 
sand). The average bulk density is 1.5 g cm"3 at 5 cm depth and is 1.7 g cm"3 below 70 cm 
depth. Soil organic matter content is 0.51% at 5 cm depth but decreases to 0.17% at 120 cm 
depth. 

A mulch of straw + woody material applied at the rate of 4 Mg ha' was used to 
trigger termite activity on the bare sealed soil. The proportion of the mulch was 1/3 straw 
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and 2/3 wood and both wood and straw were collected from a surrounding silvopastoral area. 
Six mulched plots and six bare plots were used for the experiment, each plots measuring 15 
m * 8 m in size. The mulch was applied in June 1993. In October 1995 the termite 
population was assessed on the mulched plots using the method described by Anderson and 
Ingram (1989). Five soil cores of 20*20*20 cm were taken from each plot and all termites 
in the cores were hand-sorted and counted. Termite species were identified, but termites were 
not counted per species or genus. 

On the mulched plots termites had made macropores which were open at the soil 
surface. Soil transported to the surface by termites (sheetings) was measured at 10 sampling 
points on each plot two weeks after a rain event. Each sampling point consisted of 1 m2 in 
which all the sheetings (termite-made pedofeatures) were collected and weighed and all open 
macropores were counted. 

Vertical soil micromorphological samples of 7 * 7 * 7 cm of soil were taken at 0-7 
cm, 30-37 cm and 100-107 cm depths in October 1995 from two mulched plots and two bare 
plots and then were impregnated according to Fitzpatrick (1970). Three vertical thin sections 
of 25 pm thickness were prepared from the samples of each depth. The thin sections were 
examined with a polarizing microscope and described qualitatively according to Bullock et 
al. (1985). 

Macroporosity was studied quantitatively using an epidiascope with transmitted light, 
equipped with a scanner and a macrolens. The porosity photograms were analyzed with a 
Quantimet 970. The resolution of the pixel was 110 /xm. Two types of data were collected, 
field data and feature-specific data (Jenkinson, 1992). Field data were collected to be able 
to ascertain the volume fraction of macropores or other features of the thin sections. Feature-
specific data provided detailed information on individual features such as size, number, size 
class distribution and shape. Only the collected data on area, Equivalent Circle Diameter 
(ECD) and the number of features are considered in this paper. The feature-specific data can 
help to relate the voids to their origin. To ascertain the direct contribution of termites to the 
soil macroporosity and pedofeatures, enlarged pictures (*1.9) were made from the thin 
sections. These pictures were used to draw termite-made features (voids and infillings) on 
overheads. Termite-made voids were recognized either by their mammillated (dendroid) 
shape or by coatings which are characterized by bridged grains. Termite-made infillings were 
recognized by the presence of bridged microaggregates. The drawings were then scanned and 
analyzed by the Quantimet 970 to determine the characteristics of the features (numbers, 
area). 

Results 

Termite-made macropores and fabrics (sheetings) on the topsoil (field observations) 

The subterranean Macrotermitinae species Odontotermes smeathmani (Fuller) and 
Microtermes lepidus (Sjöst) were found in the plots in total of 2150 m2 ± 1120 termites. 

On all mulched plots, termite activity could be seen from the presence of open 
macropores covered by sheetings constructed by termites for protection. The macropores can 
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be up to 1 cm in diameter and this size indicated that they are voids made by Odontotermes 
smeathmani (Fuller) according to Kooyman and Onck (1987), Microtermes voids are less than 
2 mm in diameter. The sheetings have bridged grain structures. The material used to build 
these structures probably originated from the surrounding soil matrix and hence its b-fabric 
did not contrast with the surrounding groundmass. Mulched (woody material + straw) plots 
had both a great number of macropores (86 ± 20) and a great amount of sheetings (10.7 ± 
3.9 Mg ha1). Bare plots showed no traces of termite-made features in the topsoil. Within two 
weeks the termites dug out over 10 Mg ha-1 from the soil and reworked it into sheetings. We 
know this because two weeks lapsed between the last rainfall event which washed away the 
previous sheetings and the day on which the data were collected. 

Microstructure and pedofeatures and their interpretation 

The 0 - 10 cm soil layer on termite-infected plots has a very weakly developed soil structure. 
Very few crumbs with mean diameters of less than 250 ^m are found locally. These crumbs 
are either loose Millings or are clustered near channels. These crumbs consist of bridged 
microaggregates with interaggregate voids; they are probably termite pedofeatures 
(sheetings). The soil at that depth has a chamber and channel microstructure (Fig. 2. la). The 
channels, oriented parallel or perpendicular to the soil surface, are interconnected and also 
connected with chambers. In some cases they fuse and form a very large channel (Fig. 2. lb). 
Most of the channels have a mean diameter up to 5 mm but a few larger ones also occur. 
There are fewer chambers than channels. Most of the channels are empty and mammillated 
(Fig. 2.2a). Very few of them are loosely infilled by a mixture of crumbs and coarse mineral 
grains; most are not coated but a few are partially coated by bridged microaggregates. 
Passive infillings (not induced by soil fauna) are also found (Fig. 2.1a). Such infillings have 
the same structure and b-fabric (birefringence fabric) as the surrounding groundmass. The 
b-fabric indicates the arrangement and orientation of the fine fraction of the soil (basically 
the clay fraction). From the absence of compressed walls surrounding the voids it can be 
concluded that these voids do not impede water flowing through them from diffusing into 
surrounding soil matrix. Few infillings and chambers coated with bridged grains are found. 

At 30 cm depth the same microstructure persists, but more chambers than channels 
and less packing voids were found at that depth than in the upper layer. The connection of 
the channels and chambers is clearer and most of the chambers are either fine clay-coated 
or bridged grains material coated. The latter are termite fabrics (Fig. 2.2b) and may be up 
to 70 jtim thick. The bridged grains coatings suggest that the voids are stable and the typical 
clay coatings are clear evidence of the movement of the clay in that layer, as well as of a 
preferential flow of water through these voids. The clay movement is characteristic of 
Lixisols. Many chambers are loosely infilled with termite-made crumbs (Fig. 2.2c). The 
crumbs and the bridged grain coatings at that depth have a more contrasting b-fabric than is 
the case in the top layer, because the building material is a mixture of clay, silt and organic 
material. 

The same microstructure and pedofeatures that exist at 30 cm were found at 100 cm 
depth. There are fewer chambers than channels and both are dominantly empty. The packing 
voids are less important than in the upper layers because of the increase in clay content in 
that layer. 
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Figure 2.1a: Cross polarized image of chambers and channels microstructure on the 0-10 
cm layers of mulched plot. Ifp: passive infilling having the same microstructure 
and the same b-fabric as the surrounding groudmass. 

Figure 2.1b: Cross polarized image of channel microstructure in the 0-10 cm layer of 
mulched plot. Note the interconnection of channels in the middle of the image (Ic). 
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Figure 2.2a: Full polarized image of a mammillated shape of termite-made void at 30 cm, 
v: void. 
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Figure 2.2b: Cross polarized image of termite made void coated with bridged grain material 
coatings at 30 cm depth. V: void, C: bridged grain coatings. 
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In summary, soil profiles in termite plots have many voids, apparently creating good 
drainage conditions. At depths of 10 cm and 100 cm in these soils some large channels 
occurred without any special protection, like the chambers coated by bridged microaggregates 
found at 30 cm. This suggests that the layer at about 30 cm is where the dominant species 
lives and has storage chambers while the upper layer only contains passages for food 
collection, and that the lower layer contains more passages for collecting fine material and 
also voids for living in. 

In the profiles of bare plots, at 0-10 cm depth, the soil shows a compact grain 
microstructure with primary coatings and a locally more dense grain microstructure (fig. 
2.2d). No aggregates are found in this layer. The voids at the top of the thin section are 
mostly packing voids. In the bottom of the thin section, channel infillingsand chambers 
infillings are found in one of the replicates. These voids are infilled by single coarse grains, 
some of which are coated with fine clay. These are a clear indication of the role of water in 
the infilling process. 

At depths of 30 cm and 100 cm, termite-made channels and chambers and 
microstructure look like those in the mulched plots at the same depths. Termite pedofeatures 
like crumbs and termite-mediated infillings and coatings are also abundant in these layers. 
In these layers voids coated with fine clay are also found (Fig. 2.3), indicating a clay 
illuviation (argillic horizon, characteristic of Lixisols). 

The pedofeatures and structure of bare plots at depths of 30 cm and 100 cm are a 
clear indication of previous termite activity, whereas features like chambers and channels in 
the topsoil and in the first 10 cm of the soil have been completely destroyed by the degrading 
processes acting on the soil. The very thin coatings of silt on the grain in the infillings at that 
depth found in the micromorphological analysis suggest that sediment yield in water flow 
may be responsible for the pores being filled up. The consequences of the degrading 
processes are the destruction of the soil voids and the sealing of the soil surface, creating 
serious problems of water and air flow and root growth. 

Profiles with present termite activity differ basically from those without present 
termite activity in having large voids (interconnected channels and chambers) in the 0-10 cm 
layer. 

Macropores in the soil profile 

The results of the macroporosity measurements on vertical thin sections of two layers are 
presented in Tables 2.1a and 2.1b. The volume area of the macropores (ECD > 0. 1 mm) 
decreased with depth on mulched plots but increased with depth on bare plots. In the 0 - 7 
cm layer of bare plots, macropore volume area and number were only about a fifth of those 
on mulched plots. There were no voids larger than 3 mm in the 0 -7 cm layer of bare soil 
but these voids accounted for more than 60 % of the macroporosity in termite plots and over 
38% of soil total porosity calculated from bulk density (Table 2.2). In termite plots, voids 
with ECD greater than 0.1 mm account for 59% of the total porosity, but this type of voids 
accounts for only 15% of the total porosity calculated from soil bulk density data in bare 
plots. At 30-37 cm depth, the bare plots had a greater volume fraction of macropores but 
the termite plots had a greater area of voids with an ECD larger than 0.1 mm. 
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Figure 2.2c: Cross polarized image of a channel infilling (termite made pedofeature) 
at 30 cm depth. Note that the infilling is bridged by crumbs. 

Figure 2.2d: Cross polarized image of a compact grain microstructure in the 0-10 cm layers 
of bare plot. 
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Figure 2.3: Full polarized image of a clay typic coating at 30 cm depth, cc: clay coatings. 

ECD (mm) 

> 0. 1 

> 3 

3 - 1 

1 -0.5 

0.5-0.1 

T 

24.4 ± 4.6 

16.1 ± 9.6 

3.2 + 1.3 

2.0 ± 1.2 

3.0 ± 0.1 

NT 

5.5 ± 1.1 

0 ± 0.0 

1.3 ± 0.0 

1.4 ± 0.0 

2.7 ± 0.0 

Table 2.1a: Percentage of macropore area (at least 0.1 mm in ECD) in vertical thin 
sections of termite and non termite plots at 0- 7 cm depth expressed as % of the 
area of the thin section. Results are mean ± standard deviation (n = 3); ECD: 
equivalent circle diameter, NT: non termite plots (bare). T: termite plots 
(mulched). 
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ECD (mm) 

> 0.1 

> 3 

3 - 1 

1 -0.5 

0.5 -0.1 

T 

5.77 + 1.3 

2.46 ± 1.8 

1.54 ± 1.1 

0.7 ± 0.5 

0.9 ± 0.7 

NT 

10.2 ± 2.2 

3.5 ± 1.4 

2.1 ± 0.5 

1.9 ± 0.4 

2.0 ± 1.5 

Table 2.1b: Percentage of macropore area (at least 0.1 mm in ECD) in vertical thin 
sections of termite and non termite plots at 30-37 cm depth expressed as % of 
the area of the thin section. Results are mean ± standard deviation (n = 3); 
NT: non termite plots (bare). T: termite plots (mulched). 

The analysis of the pictures indicated that termite-induced voids in the 0-7 cm layer 
accounted for almost 50 % of voids with ECD >0.1 mm and voids having a ECD greater 
than 3 mm. Termite-made voids have a greater volume area fraction and ECD in the 0-7 cm 
layer compared with the 30-37 cm layer but are fewer in number (Table 2.3). Other termite 
features like loose infillings became important in layers deeper than 10 cm, and there was 
no difference between plots with present termite activity (mulched) and plots with no current 
termite activity (Table 2.3). 

Discussion 

One finding of the research is that sealed/crusted soils have a very weakly developed soil 
structure in the 0 - 7 cm layer only but that below this depth the structure is rather well 
developed, with many open voids and with micromorphological evidence that these voids are 
a medium that permits water flow (clay coatings and infilled voids). This is not only 
consistent with Casenave and Valentin (1989) but also explains their findings that in the arid 
and semi-arid Sahelian zone the properties of the soil surface are the most important factors 
controlling the hydrological behaviour of the soils. This also indicates that processes of 
degradation by water are largely confined to the soil surface and first 10 cm. Therefore soil 
management in the semi-arid regions should be focused on the maintenance of the topsoil and 
surface structure. 

The voids in the layer deeper than 10 cm in the plots without actual termite activity 
display many termite-induced features, e.g., bridged microaggregate coatings and bridged 
grains infillings presumably remaining from former termite activity. This confirms that in 
the semi-arid ecosystem termites are one of the most important biological agents reworking 
the soils (Lobry de Bruyn and Conacher, 1990; Bachelier, 1978; Humphreys, 1994). Our 
results indicate that under the conditions studied, soil structure degradation is the 
consequence of the eradication of soil fauna that once were continuously opening new voids 
and thus were counteracting the degrading processes destroying the voids. 


