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1.. GENERAL INTRODUCTIO N 

Thee sequence of historical land use changes is defined in this study as land use history. In a 
conceptuall  and simplistic manner, the dynamics of land use in a developing society evolve 
throughh three consecutive stages: from Natural through Rural (agricultural) to Urban. The 
transitionn from natural towards agricultural land use implies the change from using of the 
vegetationn to intentionally changing its composition or its substratum, the soil. 

Boundariess between land use stages represent critical transitions during which the 
changee from one major type of land use to another can result in major impacts on soil 
propertiess that are relevant for biomass or crop production. Different soils respond differently 
too land use change (Tisdall and Oades, 1982; Chaney and Swift, 1984; Thompson et al. 1984; 
Fellerr et al., 1996; Cammeraat and Imeson, 1998). Soil properties that may be affected 
includee chemical parameters such as soil organic matter, total nitrogen, macro nutrients and 
micronutrientss as well as cation exchange capacity and physical properties, such as bulk 
density,, moisture retention and soil structure. As to soil structure, particularly aggregation, 
aggregatee stability and bulk density are often significantly affected by the transition from one 
landd use type to another (Tiessen et al., 1982; Tiessen and Stewart, 1983; Dalai and Mayer, 
1986a;; Elliott, 1986; Haynes and Swift, 1990; Letey, 1991; Quirk and Murray, 1991; 
Cambardellaa and Elliott, 1992; Feller, 1993, 1995; Cammeraat and [meson, 1998; Campbell 
etal.,, 1998). 

Withinn each broad stage of land use, each land use type is characterised by its biotic 
compositionn and resource management. In this context, this can either lead to an increase in 
soill  productivity through increasing organic matter and nutrient storage, as well as 
aggregationn and aggregate stability, or can deplete the soil of organic matter and associated 
macroo and micronutrients with negative effects on soil fertility (Swift and Woomer, 1993; 
Hulugalle,, 1994; Jaiyeoba, 1995; Belsky and Amundson, 1998; Mtambanengwe et al., 1998; 
vann Noordwijk et al. 1998). 

Thee current study is on the impact of land use histories on soil organic matter and related soil 
propertiess in the lowland savannah region of North Cameroon. These histories concern the 
mainn types of subsistence agriculture, which characterise the rural stage in this soudano-
saheliann zone. The area of study is administratively referred to as the Diamare Plain. For the 
locationn of the area of study and photographs of characteristic landscapes, soils and land uses 
referencee is made to pages 19 - 24. 

1.11 The Physical Environment of North Cameroon 

Northh Cameroon comprises the lowland savannah zone of Cameroon, stretching from 
latitudess 9 to 13°N and longitudes 14 and 15°E. This region is subdivided into lowland 
Guineaa savannah between latitudes 9 and 10°N and lowland Sudan savannah between 
latitudess 10 and 13°N. The latter comprises our study area, which has a monomodal rainfall 
pattern,, with annual rainfall ranging from 800-850 mm to 400-450 mm along latitudes 10 and 
13°NN respectively. The rainy season starts in June and ends in September, with about 60 to 
70%% of the rains occurring during July and August (Brabant and Gavaud, 1985). 

Meann annual temperatures vary between 25-35 °C with minimum values of 14-17°C 
occurringg during the harmattan in December and maximum values of 35-40°C during March 
andd April. Relative humidity varies from 60-80% during the rainy season to 20-30% during 
thee dry season. Sunshine varies between 2500-3300 hours per year. 

Exceptt for the few studies in Cameroon by Dresch (1952a) and Roch (1953), the 
geomorphologyy of Cameroon has been reconstructed from studies carried out in neighbouring 

9 9 



Nigeria,, the Central African Republic and Congo by many geomorphologists (Dresch 1947 
1952a;; Dixey, 1955; Martin and Segalen. 1966). 

TOPOGRAPHYY AND RELtF Of NORTH CAMEROON 

Sourcee P Braoant and M Oavaud (1985) 

Scalee I/? 000 000 

Legend d 

Figuree 11: Topography and relief map of North Cameroon (after Brabant and Gavaud, 1985). 

Ass is shown in figure 1.1a major part of North Cameroon consists of a vast flat area, forming 
partt of the Lake Chad basin. It comprises the now dry lacustrine plain of the formerly much 
largerr lake, a dune area bordering the former lake and a zone of inselberg dotted pediments 
andd fluvial plains. In the west, it is bordered by the Mandara Mountains. Dumort and Peronne 
(1966)) reported that the lacustrine Chad basin is very flat with just a slight decrease in altitude 
fromm Southwest to Northeast: 320 meters at the foot of the dune which bounds it in the west 
andd 295 meters at N'djamena in Chad. The positive relief feature is Waza Peak, which 
reachess an altitude of 508 meters. A complex of sand dunes, which are up to 15 meters high, 
borderss this lacustrine plain, stretching from Yagoua to Limani. 
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AA second major unit comprises the inselberg peneplain that lies between the sand dune to the 
Northh and Northeast, and the Mandara highlands to the west, the altitude of the highlands 
rangingg between 700 and 900 meters. Numerous inselbergs dot this peneplain. Our study area, 
whichh administratively is referred to as the Diamare Plain, is located within this inselberg 
peneplainn and is bound to the North and Northeast by sand dunes, to the West by the Mandara 
highlandss and to the South by latitude 10 30*N. 

Thee geology of the Diamare Plain is rather simple, being dominated by a basement complex 
comprisingg acid and basic rocks of mainly Precambrian age (Laplante, 1954; Vaillant, 1956; 
Bachelier,, 1957; Brabant and Gavaud, 1985) and by Tertiary to Quaternary sedimentary 
depositss of fluvial and lacustrine origin (Martin and Segalen, 1964; Bocquier, 1973; Brabant 
andd Gavaud, 1985). 

Thee basement complex is well exposed in the Mandara highlands and the inselberg 
peneplain.. The Mandara highlands largely consist of granitic rocks that upon weathering 
producee very shallow, bouldery Arenosols and Lithosols, which are high in quartz and 
alkalinee feldspars. Outcrops on the inselberg peneplain, with altitudes ranging between 300 
andd 400m, consist of a variety of rocks, including diorites, gneisses, granites, granodiorites 
andd pegmatites. These rocks weather to produce various soil types, depending on the parent 
material,, but regoliths are generally less than 2 meters deep. 

Thee peneplain consists of a mosaic of rocky inselbergs and slopes with weathered 
basementt rocks and alluvial deposits. The gently undulating upper slopes are generally 
underlainn by relatively coarse textured (sandy) highly weathered (kaolinitic) regolith, while 
downslopee regoliths and sediments are finer and less weathered (smectitic and locally 
calcareous).. The lower slopes gradually merge with the lacustrine plain in the Northeast and 
East. . 

Thee lacustrine plain forms part of the Lake Chad basin and largely consist of very fine 
texturedd smectitic clays. It stretches from the edge of the basement where the thickness of the 
alluviall  deposits is a few meters to Lake Chad. Near the rivers Chari and Logone, the 
lacustrinee and more recent overlying fluvial deposits of these rivers can attain a thickness of 
hundredss of meters (Brabant and Gavaud, 1985). 

Thee soils of the Diamare Plain range from old, generally highly weathered Ferruginous soils 
onn the higher slope sections of the pediments to Vertisols in the smectitic clays of the 
lacustrinee plain and lower sections. French pedologists, who produced a number of classic 
catenaryy studies, extensively described major soil types and toposequences. These include the 
studiess by Brabant and Gavaud (1985) on North Cameroon and the study of Bocquier, 
(1973),, on toposequences of the Lake Chad basin and a number of minor studies (e.g. Martin 
andd Segalen, 1966). The main soil types distinguished are "Sols ferrugineux lessives" 
(Alfisols)) and Vertisols, with intermediate soils including "Planosols" and "Sols 
fersiallitiquesfersiallitiques lessives/differencies". Additionally, in drier areas Solonetz type soils occur on 
lowerr slopes. 

Thee natural vegetation is open woody savannah that varies in plant composition with 
soill  type and rainfall gradient from Guinea savannah along latitude 9°N to Sudan savannah 
alongg latitudes 10 to 13 °N. 

1.22 Land use and land use changes 

Muchh of the vegetation existing on the Diamare plain is either secondary or tertiary vegetation 
thatt has resulted from anthropogenic activities, leading to destruction of the primary 
vegetation.. These activities, in addition to impacts of climate change, have resulted in the 
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transformationn of relatively dense woody savannah vegetation into more or less open 
savannahh vegetation. However, intentional major impacts on the vegetation and soil seem to 
bee of rather recent age. 

Permanentt settlement by farmers started in the nineteenth century, when people settled 
onn the inselberg peneplain where they practised subsistence farming using traditional 
methods.. The floodplains were flooded for about six months each year and were not exploited 
forr crop production, but only seasonally grazed. On the Mandara Mountains with very steep 
slopess and very shallow soils, agricultural activities were limited to seasonal grazing of suited 
areass and to subsistence agriculture. 

Inn the traditional African rural land use, farmers neither ploughed the soil nor applied 
inorganicc fertilisers. Bush fire was commonly used to burn the vegetation and prepare fields 
forr cultivation. Locally made hoes called "ladaba" were the main implements used for soil 
preparation.. The main crops cultivated were sorghum and millet. Goats and sheep were 
reared. . 

Inn the seventeenth century and subsequent centuries, Islamic fundamentalists from 
moree Northern parts of Africa repeatedly invaded North Cameroon, thus introducing nomadic 
lifee and the rearing of cattle. Some of the indigenous tribes (the Matakam), afraid of Islamic 
reignn escaped to the Mandara highlands, settled and started exploiting the environment for 
cropp and animal production. Land use patterns changed little during the next period. 

Aroundd 1950, 45% of the 10 million hectares of North Cameroon was evaluated to have 
mediumm to high potential for crop production. Less than 5% of this medium to high potential 
landd was cultivated. 55% of the total land area was recommended as suitable for rangeland, 
anyy other use was considered hazardous to the soil and water resources (USAID, 1974). By 
thatt time the population of North Cameroon was about 1.4 million. 

Inn 1954, a major change in land use started when the colonial powers introduced the 
massivee cultivation of cash crops, mainly cotton, and modern farming based on ploughing and 
applicationn of inorganic fertilisers. Cotton was cultivated essentially on the peneplains, where 
soilss have surface horizons that are susceptible to hard setting when cultivated (USAID, 
1974).. The introduction of cotton was accompanied by other innovations in agricultural 
practices.. Animal traction and tractors were introduced for tillage and ploughing of the soils; 
chemicall  fertilisers were also introduced. Agricultural land use strongly expanded and 
changedd from traditional to modern farming, with adverse effects on the soil resources. The 
totall  area of land under cotton increased from 11900 hectares in 1952 (indigenous 
production),, to 108 194 hectares in 1969. Since then, the annual acreage cultivated for cotton 
fluctuatesfluctuates between 90 and 100 000 hectares (SODECOTON, 1994). These areas excluded the 
vastt areas of soil that had degraded after several years of cultivation. 

Thesee land use changes were thus characterised by the replacement of natural 
vegetationn by a sequence of agricultural crops with fallow periods. The agricultural land use 
impliedd intensive tillage of the soil, removal of all crop by-products at harvest, application of 
chemicall  inputs (fertilisers and pesticides), as well as an increase in grazing of natural 
vegetation.. The natural cycles of carbon and nutrients were disrupted or modified; the soils 
weree loosened (by ploughing) and exposed to raindrop impact and its erosive consequences. 
Miningg of the soil organic carbon and nutrient stocks became an issue, which led to a decline 
inn crop yields, compaction of surface soils and slow and poor regeneration of vegetation on 
landd left fallow after several years of intensive exploitation. This constitutes the 
environmentall  degradation problem in general and that of soil degradation in particular, 
believedd to be caused by intensification of agriculture and inappropriate cultural practices 
(Brabantt and Gavaud, 1985; Seiny Boukar, 1990). 
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1.33 The research problem 

Inn the semi-arid region of North Cameroon, subsistence and cash agriculture are the main 
economicc activities of the population. It is essentially agriculture with low inputs of organic 
residuess and inorganic fertilisers into the soils. The staple food crop is sorghum (Sorghum 
bicolorbicolor (L) Moench) and the major cash crop is cotton (Gossypium hirsutum). Farmers 
regeneratee soil fertility by alternating cropping periods with fallow. More than 30 years ago, 
falloww periods ranged between 15 and 20 years. The subsequent rapid increase in population 
hass increased pressure on the limited land resources. As a consequence, fallow periods have 
beenn reduced to an average of 7 to 8 years. 

Cropp management practices of a "cut and carry system" in which both the grain and 
alll  above ground biomass are harvested and carried home, leads to reduction of the litter input 
intoo the soils. On cultivated bush fields where farmers generally do not add any organic 
manuree into agricultural soils, the latter are mined of organic matter and nutrients potentially 
leadingg to chemical and physical degradation. Indicators of sou fertility used by local farmers 
aree the abundance of earth worm casts on the soil surface, crop growth and yield. They 
perceivee physical degradation of continuously cultivated soils through the compaction of the 
soill  surface. The local population is conscious of the fact that agricultural production causes 
soill  degradation, but the diversity in land use types and soil types renders it difficult to assess 
thee contribution of individual factors to the degradation processes. 

Inn the Diamare Plain, the main agricultural land use types in the bush fields are cotton-based 
agriculture,, muskwari-based agriculture and silvo-pastoralism. 

Cottonn is sown at the onset of the rainy season in June mainly on Alfisols, Planosols, 
LuvisoLss and occasionally on Vertisols and is harvested in December. The soils (0-20/30cm) 
aree usually ploughed using animal traction or tractors. Inorganic compound fertilisers (N-P-
K),, ammonium nitrates and superphosphates are applied. Annual rotation of cotton with rainy 
seasonn sorghum is a common practice. Continuous cotton/cereal production for about 8-10 
yearss usually alternates with a period of 6 to 10 years of natural fallow. This constitutes the 
cotton-basedcotton-based land use history, which now has been practised for several decades. 

Dryy season sorghum locally called "muskwari" is cultivated mainly on Vertisols. It is 
transplantedd on zero-tilled Vertisols at the end of September and early October, which 
coincidess with the end of the rainy season. During the rainy season, (June to September) the 
vegetationn on slash and burn muskwari fields is mainly grasses, with Setaria pumila whose 
seedss are resistant to fire being dominant. This grass vegetation is slashed and burnt just 
beforee transplanting, in order to prevent weed growth and to add the ash (nutrients) to the soil. 
Vertisolss that are exploited for muskwari production are usually not ploughed and no 
inorganicc fertilisers are added. Grain and straw yields are harvested at the end of January. 
Muskwarii  growth and grain yield depend on annual rainfall, residual soil moisture and natural 
fertilityy of the soils. Muskwari fields therefore have a vegetation cover during eight months of 
thee year: annual grasses from June to September and muskwari sorghum from October to 
January.. Most muskwari fields have been under intensive crop production for more than 
seventyy years. This constitutes the muskwari-based land use history. 

Falloww land and natural savannah vegetation are generally used for grazing cattle, 
sheepp and goats, thus constituting the silvo-pastoral or fallow land use history. Grazing is 
generallyy extensive, with little or no control on the number of animals that graze on a unit 
landd area. 

Farmerss have noted that cotton-based land use causes a rapid decline of soil 
productivity,, as evidenced by low crop yields and compaction of soil surfaces, while the 
muskwari-basedd land use types are more stable. Degraded and compacted soils are locally 
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calledd Gardes*. Soil degradation has generally been associated with a decrease in soil organic 
matterr to below threshold limits (Brabant and Gavaud, 1985; Seiny-Boukar, 1990). According 
too these authors, threshold limits to sustain soil productivity are soil or environment specific. 
Inn North Cameroon, the relationship between quality and quantity of fallow vegetation or of 
cropss on arable land and soil quality still remains speculative and thresholds have not been 
determined.. This hampers the development of appropriate land use management systems and 
mayy lead to further degradation of the arable land. 

Inn our context, physical degradation of soils refers to disaggregation of surface 
horizonss leading to compaction and hard-setting of continuously ploughed soils. This leads to 
thee erosion of productive topsoil layers. Chemical degradation is possibly caused by depletion 
off  soil organic matter and the decrease in soil nutrients, soil pH and exchange capacity to 
levelss at which economic yields of crops are impossible. These parameters were also used by 
otherr investigators in the subregion to characterise and quantify the extent of soil degradation 
(Brabantt and Gavaud, 1985). 

Thee extreme degradation levels of the soils (figure 1.2) by Brabant and Gavaud (1985) are: 

Levell  of soil 
degradation. . 
I.Veryy degraded 

2.. None degraded. 

Physicall  conditions. 

Completee loss of structure, 
compactionn of plough layer and 
reducedd water infiltration. 
Veryy severe sheet and gully erosion. 
Generallyy shallow soil depth (<50 
cm). . 
Well-structuredd plough layer that is 
veryy permeable to water. 
Veryy littl e erosion. Deep to very deep 
soilss (>IOOcm). 

Chemicall  conditions. 

pH<H20,<6.Üor> > 
7.5.. Deficiency in 
cropp nutrients and 
soill  organic matter. 
CEC<!0cmolc/Kg. . 

pH(H30,6.5-7.5.. high 
availablee nutrients 
andd organic matter. 
CEC>20cmotc/Kg g 

Biologicall  conditions. 

Deficiencyy in worm casts 
andd termite activity on 
soill  surface. 

Abundantt worm casts 
andd termite activity on 
soill  surface. 

Ass to the relation between degradation and soil type, the Luvisols and Planosols generally 
havee less than 30% clay in their surface horizons and thus depend more on soil organic matter 
too maintain adequate nutrients, moisture and ion exchange capacities in these horizons and in 
thee rootzone (0-100 cm). Soil organic matter is also important for aggregation and the 
stabilityy of the aggregates in the surface horizons. The upper and lower threshold limits of soil 
organicc matter to sustain these soil quality parameters have not yet been determined for North 
Cameroonn soils. Under natural vegetation these soils are more productive. When converted 
intoo agricultural land, the Luvisols and Planosols are very susceptible to physical and 
chemicall  degradation. In contrast to these soils, the Vertisols are less susceptible to chemical 
degradation,, particularly if they are Pellic. However, physical degradation may occur if they 
aree not properly managed. 

Duringg the past forty years, land degradation has increased at a tremendous rate. It constitutes 
ann environmental problem in the sudano-sahelian subregion in general and North Cameroon 
inn particular (Brabant and Gavaud 1985; Seiny Boukar, 1990). According to Brabant and 
Gavaudd (1985), the total land area in North Cameroon is about 10 000 000 hectares of which 
aboutt 15 to 20% have degraded completely into "hardés", about 30-40% have deteriorated 
intoo marginal fertility, while about 50% are considered good to very good soils, as shown in 
Figuree 1.2. A very large percentage of the area of land containing marginal and degraded soils 
iss on the Diamare plain, on which sites for detailed studies were selected. The study 
conductedd by these authors was a general survey and cartography of the various types of soils 
inn North Cameroon. They indicated that the soils are susceptible to degradation when 
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subjectedd to inappropriate cultivation practices and thus recommended more basic and applied 
researchh to assess changes in the fertility parameters of the soils as influenced by-

Figuree 1.2: Land use and soil degradation in North Cameroon (adapted from Brabant and 
Gavaudd 1985) 
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anthropogenicc activities. Such research would lead to the development of rational soil 
managementt practices to sustain the productivity of the soils under continuous crop 
production. . 

1.44 Hypothesis and research questions 

Contemporaryy research on sustainable management of soils and the environment is based on 
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thee general hypothesis that soil organic matter constitutes a set of attributes or pools, which 
stronglyy influence the chemical and physical fertility of the soil essential for biomass and crop 
productionn (Cambardella and Elliott, 1992; Swift and Woomer, 1993; Feller, 1995; Belsky 
andd Amundson, 1998; Tiessen and Shang, 1998). Rational management of soil organic matter 
iss therefore considered as the prerequisite to sustainable management of the quality of the 
soils,, particularly in the tropics where biodegradation of soil organic matter is very high. Most 
off  the research findings and models on soil organic matter transformations have been 
developedd for temperate soils where it has been demonstrated that changes in organic matter 
fractionss occur faster relative to total organic matter in response to land use change. 
Additionally,, organic matter fractions correlate better with changes in soil properties 
(Magdoff,, 1996; McCarthy et al, 1998). For tropical soils very littl e knowledge exists on the 
dynamicss of organic matter and the role of the various fractions. This is also true for North 
Cameroon,, where thus far no comparative studies have been conducted on the effects of land 
usee on the dynamics of soil organic matter fractions and their relation to the chemical and 
physicall  fertility of the soils. 

Sincee sustainable use of land is a major contemporary issue and will very much depend on the 
developmentt of appropriate land use types, allowing for a viable socio-economic development 
off  the rural societies of the Sudano-sahelian zone, strong recommendations have been made to 
advancee our knowledge of soil organic matter transformations in tropical soils (Swift and 
Woomer,, 1993; Feller, 1995, Feller et al., 1996; Tiessen and Shang, 1998 Shane and Tiessen 
1998;; Lai, 2000). 

Ourr hypothesis in this research therefore is that knowledge of the dynamics of organic matter 
fractionss and nutrients in the soil-plant system may serve to develop or identify soil based 
sustainablee land use types in North Cameroon. In this context, sustainability means 
maintaining,, on long term basis, the quality of the soils for biomass or crop production. 

Researchh questions, which result from this hypothesis, include: 
-- What are the impacts of the main land use histories on the major soil chemical and physical 

properties,, relevant for biomass and crop production? 
-- What are the direct impacts of the main land use histories on organic matter size fractions 

andd associated nutrients in the surface soil layers0 

-- What are the direct and indirect impacts of the main land use histories on aggregation and 
thee stability of aggregates within the surface soil layers? 

-- What are the relationships between organic matter size fractions, on the one hand, and 
associatedd nutrients and the stability of soil aggregates, on the other hand9 

Thiss research project has been designed to study the impact of land use histories on the 
dynamicss of soil organic matter in whole soil (<2 mm) and organo-mineral size fractions. 
Furthermore,, attention is paid to the relationship between soil organic matter in size fractions 
andd physical attributes: bulk density, aggregation and aggregate stability of the soils. 

1.55 Methodology 

Thee research approach chosen was a comparative one in which plots representing main land 
usee histories were selected on the main soil types on bush fields. The comparative approach 
wass adopted because equilibrium levels of organic matter in the soil are only attained after a 
numberr of years or even decades, depending on soil type, land use type and climate (Swift 
andd Woomer, 1993; Feller et al., 1996). Experimental studies would take many years to attain 
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equilibriumm levels in soil organic matter and thus are unsuited to produce relevant information 
forr current land use management and policies. 

Inn North Cameroon, the differentiation in existing land use histories is limited and 
relevantt land use histories cover periods of more than ten years (appendix la). Furthermore, 
theree is adequate information on the spatial distribution of soil types and land use histories. 
Thiss allows for a reliable identification of clusters of main land use histories close to a 
referencee land use history on each soil type. 

Fourr major soil types can be distinguished being the Chromic Vertisols, 
Hydromorphicc Vertisols, Chromic Luvisols and Eutric Planosols. These types often differ 
withh respect to their major land use histories, implying that not each of the potential land use 
historiess can be found on each soil type in such way that plots are available suited for a 
comparativee study. The situation for specific land use histories on each soil type studied can 
bee briefly summarised as follows: 
-- Chromic Vertisols: all major land use histories available; cotton mostly in rotation with 

rainyy season sorghum. 
-- Hydromorphic Vertisols: nearly fully used for crop production (dominantly muskwari) 

andd no fallow of adequate age. 
-- Chromic Luvisols: no muskwari, dominant cotton in rotation with rainy season sorghum 

orr cowpea, common fallow and limited agro-forestry with cotton-sorghum. 
-- Eutric Planosols: as Chromic Luvisols. 
-- The muskwari crop flowers only during the cool (15-20 °C) period that occurs at end of 

Novemberr early December. Further growth and grain yield continues to February when 
theree is no rainfall in the region. Inadequate moisture reserves in Luvisols and Planosols 
thereforee impede the growth of muskwari. Muskwari is uniquely cultivated on Vertisols 
becausee the latter naturally have relatively high soil moisture and nutrient reserves 
(Brabantt and Gavaud, 1985). 

Thee comparative research involved diagnostic studies conducted to characterise each land use 
historyy and analytical studies to assess impacts on soil properties. It consisted of field and 
laboratoryy studies in two sequential stages described as characterisation stage and detailed 
analyticall  stage. 

1.. Characterisation stage. 
Thee main land use histories on the Luvisols, Planosols and Vertisols were identified and 
characterised.. The soil under each cluster of land use types was thoroughly investigated, as 
explainedd in Chapter 3 of this thesis, to prove the uniformity in profile characteristics, 
whichh is essential if differences resulting from different land use histories are to be 
identifiedd and quantified. Soil samples were collected from surface layers (0-5, 5-15, 15-30 
cm)) and from all major soil horizons within a depth of 100 cm of the soil under each land 
usee for laboratory analysis to establish impacts of land use on chemical and physical 
properties.. Details of sampling and analytical methods are given in chapter 3. 

2.2. Detailed analytical stage. 
Att the end of the first stage of this study, we selected sites with soils that were judged as 
homogeneouss on the basis of their profile characteristics. For that reason, significant 
differencess in chemical characteristics of soil samples from surface layers and horizons 
couldd be attributed to the effects of land use histories. Soil sampling and analytical 
proceduress used in this stage are presented in Chapter 3. 
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1.66 Contents of this thesis 

Inn Chapter two an extensive description of the study area is given. This pertains to its climate, 
hydrology,, geological history and lithology, and to the genesis, age and pattern of the soils 
andd toposequences. Chapter three describes the various field and analytical methods used in 
determiningg the relevant soil properties. The objective of the research presented in chapter 4 is 
too identify the general impacts of land use and to determine the significance of changes in soil 
properties,, in relation to reference land use histories (fallow) for Chromic Vertisols, Chromic 
Luvisols,, Hydromorphic Vertisols and Eutric Planosols, i.e. the major soil types in the area of 
study.. In this comparative study, emphasis is on soil organic matter and associated nutrients. 
Additionally,, impacts of land use history on some other important chemical and physical soil 
propertiess are discussed. In chapter five, the mineralogy of the clay fraction of the soils is 
described.. Additionally, impacts of land use histories on wet aggregate size distribution and 
meann weight diameter of water stable aggregates of the Chromic Luvisols and Eutric 
Planosolss are described and discussed. Furthermore, observations in thin sections of the 0-5 
cmm layer of these soils are presented and interpreted. Chapter six deals with the stability of 
macroo aggregates based on the water drop impact (WDI) test. The effect of land use on the 
stabilityy of macro aggregates to water drop impacts was assessed in terms of their aggregate 
stabilityy index. Chapter seven concerns the various impacts of land use on organic carbon, 
nitrogenn and C/N ratios in the organo-mineral size fractions of the soils studied. Particular 
attentionn is paid to the relevance and reliability of the particle size fractionation method 
employed,, being sieving and sedimentation of dispersed soil material, and to the relation 
betweenn organic carbon in these size fractions and macro aggregate stability. The impacts of 
landd use history on the dynamics of organic carbon in the organo-mineral size fractions 
assessedd by l3C analysis are the subject of chapter eight. Chapter nine presents the general 
conclusionss pertaining to impacts of land use histories on chemical and physical properties of 
thee soils relevant for crop and biomass production. Hypotheses relating sand-sized organic 
carbonn contents to some important soil properties are presented. Recommendations are given 
forr more research to obtain adequate data in the Lake Chad basin, to develop reliable 
empiricall  models to predict changes in soil quality from changes in sand-sized organic carbon 
andd soil moisture contents. 
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Projectt area: In the Far North Province of Cameroon. 
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Peneplainn with inselberg. 
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Intermittentt river during rainy season with eroded sand from the highlands and 

topsoill  of the peneplain soils, and older laterites exposed in the riverbed. 
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Falloww vegetation (9 years) on Chromic Vertisol (Garey) in December. 
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Hydromorphicc Vertisol during rainy season (June), covered with grass. 
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Muskwarii  during dry season (January) on Hydromorphic Vertisol. 
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--
Rainyseasonn sorghum (June) on Luvisol with inselberg in background. 
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Rainyseasonn sorghum Stubble (October-November) after harvest on Luvisol. 
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Wormm casts on surface of Luvisol undeer fallow, evidencing the biological activity. 

Planosoll  with hard set topsoil as a result of continuous cultivation. 

Gullyy erosion in Planosol area resulting from inappropriate land use. 
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