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2.. DESCRIPTION OF THE STUDY AREA 

2.11 Climate and Hydrology 

Northh Cameroon has a tropical climate, which for our study area is classified as Sudano-
saheliann (Martin and Segalen, 1966) and Sudan savannah (Brabant and Gavaud, 1985). It has 
twoo distinct seasons, the rainy and dry seasons, with an average duration of 4 and 8 months 
respectively.. Rainfall is 7OO-80Omm along latitude 10°N in the South and decreases to 400-
500mmm along latitude 13°N. Average values of air humidity vary from 60 to 80% and 20 to 
30%% during the rainy and dry seasons respectively. 

Thee controlling factor in the climate of this area is the Intertropical Front that is 
controlledd by an anticyclonic zone situated in the Sahara desert, which moves towards the 
southwestt during the dry season (December and January). In that period, it causes the 
Harmattann dry winds. Another anticyclonic wind blows from the Atlantic Ocean from the 
Southwestt towards the Northeast of Cameroon during the months June and July. These 
moisturee laden monsoonal winds bring rains to North Cameroon from June to September. 
Thesee two opposing winds alternate each year, resulting in the distinct dry and rainy seasons 
inn North Cameroon (Olivry 1986; Yerima, 1986). However, climate change has resulted in 
variabilityy in the amount, distribution and intensities of rainfall in our study area. A gradual 
declinee in the duration of the rainy season and annual rainfall with characteristic high 
intensitiess (60 to 80mm/hour) with weekly return periods has been reported (Olivry, 1986). 
Additionall  information on changes in rainfall distribution patterns in this region is available 
(Suchel,, 1971; Olivry, 1986). 

Thee study area is ramified by numerous seasonal rivers, which flow occasionally during the 
rainyy season. The Logone River, which originates in the Adamoua highlands around latitude 7 
°N,, is the only permanent river in the Sudan savannah region of North Cameroon. It flows 
alongg the Cameroon Chad border through Bongor and Kousseri to the Lake Chad, as shown in 
figuree 1.1. The Mandara mountains with a surface area of about 7500 square kilometres, to 
thee west of the study area, is the important watershed area from where runoff water generated 
duringg the rainy season flows through the agricultural soils and feeds the seasonal rivers, 
whichh ramify the peneplain. This overland flow is a major cause of physical degradation of 
thee topsoils in the peneplain. 

Ourr study area is bound to the west by the Mandara highlands, to the north by the sand 
duness (Figure 1.1), to the north east and east by the lacustrine plain, while to the south it 
extendss beyond latitude 10°N, though our study area ends along latitude 10°N. It is thus an 
importantt watershed, which conveys runoff water from the Mandara mountains to the 
lacustrinee flood plains. 

2.22 Geology 

Thee main geological formations (figure 2.1) in our study area are: the basement complex 
groupp (mainly Precambrian) comprising acid and basic igneous and metamorphic rocks and 
Quaternaryy and Tertiary sedimentary basins comprising alluvial, fluvial and lacustrine 
depositss of which the texture ranges from sand to marls and clays. The various rocks have 
oftenn been strongly affected by weathering, which produced alteration zones with kaolinitic or 
smectiticc mineralogy (Bocquier, 1973; Brabant and Gavaud, 1985). 
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Figuree 2.1: The geology of North Cameroon adapted from Brabant and Gavaud (1985) and 
thee main research sites. 1. The Eutric Planosol. 2. The Chromic Vertisol. 
3.. The Chromic Luvisol. 4. The Hydromorphic Vertisol. 
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2.2.11 Precambrian formations 

Variouss authors reported that the Precambrian basement group consists of rocks such as 
granites,, syenites, granodiorites, diorites and gneiss. The more recent volcanic rocks include 
andesites,, trachites and basalts. This basement stretches from the south to the limit with the 
sandd dunes (Vaillant, 1956; Bachelier, 1957; Dumort and Peronne, 1966; Brabant and 
Gavaud,, 1985) as shown in figure 2.1. Their outcrops appear as mountains and inselbergs on 
thee peneplain. Dumort and Peronne (1966) reported the existence of large granitic batholiths 
inn some parts of the peneplain, such as Lam-Moutoroua. 

Inn the basement complex, four main facies can be distinguished (Bocquier, 1973; Brabant and 
Gavaud,, 1985). 
II  Coarse grained leucogranite, consisting of quartz, perthitic-microcline, oligoclase and 

biotite. . 
III  Biotite-granite, consisting of quartz, biotite, oligoclase and orthose. 
IIII  High-grade metamorphic amphibole-gneiss consisting of biotite, green hornblende, 

quartzz and plagioclase. 
IVV Fine grained granite, consisting of myrmekite, quartz, albite, oligoclase, muscovite and 

biotite. . 

2.2.22 Quaternary and Tertiary Formations 

Thee Lake Chad basin is known to be largely formed by downwarping, which started in the 
Tertiaryy and fully developed in the Quaternary, and was filled with Continental Terminal 
depositss during the Quaternary and Tertiary (Dumort and Peronne, 1966; Martin and Segaien, 
1966;; Bocqier, 1973). Sedimentation continues up to the present, including sediments derived 
fromm the Mandara highlands located in the west along the Nigerian border. The altitudes of 
thee Mandara highlands range from 700 to 900 meters, while the slopes are between 10 and 30 
degrees.. Other sources of sediments are the basement complex outcrops on the peneplain and 
thee Adamoua highlands along latitude 7°N, from where the Logone River originates. The 
sedimentt load deposited in the Lake Chad basin by the Logone river is high and varied as it 
drainss the Adamoua highlands, flowing down along the Cameroon-Chad border into Lake 
Chadd along latitude 12° 30 N. The thickness of the sediments ranges from about 30 m to 1000 
mm (Dumort and Peronne, 1966; Ola, 1983). Martin and Segaien (1966) concluded after 
reviewingg the publications of Bouchardeau and Lefevre (1957) and Pias (1962) that 
downwarpingg of the Chad basin started before the Tertiary. They reported that the 
Paleochadiann Sea prior to the Tertiary period possibly covered a surface as large as the 
presentt surface of Nigeria. It regressed slowly resulting in the formation of Lake Chad. 
Subsequentt transgressions and regressions of Lake Chad left lacustrine sediments covered 
withh fluvial sands and sandy clay deposits. The Yagoua-Limani sand dune (figure 2.1.) that 
markss the limit of the last transgressive phase towards the south is probably a beach related 
dunee (Yerima, 1986). 

Thee Chad Basin is thus composed of sediments from several sources, including 
lacustrinee deposits exposed through the regression of the lake; alluvium, comprising fine and 
coarsee feldspathic sands from the Logone and Chari rivers and sandy clayey alluvium from 
thee Mandara highlands (Dumort and Peronne, 1966; Yerima, 1986). The Quaternary 
sedimentss of the inselberg peneplain, according to Brabant and Gavaud, (1985) in some 
placess are underlain by Mesozoic sandstone. These formations comprise the gently sloping 
continuouss layers of sandy clayey alluvium on the peneplain and the deep clayey sediments in 
thee flat lacustrine plains. 
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2.33 Vegetation 

Thee vegetation varies from Guinea savannah along latitude 9 to 10°N to Sudan savannah 
betweenn latitudes 10 and 13 CN. It consists of drought resistant tree and grass species that vary 
bothh with the rainfall gradient and soil type. Anthropogenic influence on the vegetation in the 
studyy area is very significant. Much of the primary vegetation on the peneplain has been 
clearedd and the land exploited for production of annual crops. The vegetation not exploited 
forr agriculture is subjected to annual fires and grazing that have destroyed all the less resistant 
treee and grass species. Repeated fires are known to have systematically depleted the native 
vegetation,, enhancing its replacement by fire resistant tree and grass species, which constitute 
secondaryy vegetation (Martin and Segalen, 1966). 

Thee Diamare Plain is characterised by a mosaic of inselbergs rising over a peneplain . 
Itt covers 1 800 000 hectares and is the largest crop producing area in North Cameroon 
(USAID,, 1974). The vegetation is natural open woody savannah on the shallow acid soils of 
thee highlands, with a plant community which is generally dominated by Boswelliti species, 
CombretumCombretum species, Daniellia oliveri, Hyperrhenia rufa. Acacia species and Balanites 
aegypiicaaegypiica and grasses dominated by Andropogon species. The shallow coarse textured soils 
alongg the slopes linking inselbergs and the plains are vegetated mostly by Zizyphus 
mauritiana,mauritiana, Bauhinia rufescens, and Guiera senegalensis tree and shrub layers and Penisetum 
pedicellatumpedicellatum and Digitaria herbaceous species. On the alluvial plains, the vegetation consists 
generallyy of Andropogon gayanus, Hyperrhenia rufa, Anogeissus species, Acacia species and 
annuall  grasses. On the deep sands and sandy loams it comprises Hyperrhenia rufa, 
PennisetumPennisetum pedicellatum, Andropogon gayanus, Commiphora africana, Combretum and 
LanneaLannea species underlain by annual grasses. Acacia and Dichrostachy shrubs species with 
annuall  grasses dominate on Vertisols. Details of the description of the vegetation on the soils 
studiedd are given in appendix la. 

2.44 Soils 

Thee soils are essentially ferruginous to fersiallitic soils and Vertisols that form a continuous 
coverr between the inselbergs on the peneplain. 

FerruginousFerruginous to fersiallitic soils 
Theyy are generally old and highly weathered soils formed mostly in Precambrian bedrocks 
andd in older deposits on the pediments. These include Planosols, Luvisols and Cambisols, 
exhibitingg rather prominent weathering and reddish to reddish-brown coloured B-horizons, 
butt with variable degree of clay translocation and development of an albic E-horizon and 
argicc B-horizon. The Luvisols and Planosols generally have a shallow sandy to sandy loamy 
topp layer overlying an argic-B horizon with or without sesquioxidic accumulations in the form 
off  nodules or concretions. Horizon differentiation tends to be very developed, with sandy 
topsoill  and distinct underlying clayey B-horizons. The development of structure within the 
shalloww surface horizons depends on organic matter content. Soil chemical and physical 
propertiess relevant to crop and biomass production are highly influenced by organic matter 
contentt (USAID, 1974; Brabant and Gavaud; 1985). 

Thesee soils, widely cultivated for rainy season crops, are highly susceptible to 
degradationn of their chemical and physical properties when converted from natural savannah 
vegetationn to cropland, largely because of the loss of organic matter associated with 
inappropriatee continuous cultivation practices. On the Diamare plain they occupy about 
1,528,3000 hectares, representing 18.5 percent of land area in Northern Cameroon (USAID, 
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1974),, The soils are largely restricted to the higher, undulating to flat upper pediment slopes 
andd the non-eroded parts of the inselbergs. 

Vertisols Vertisols 
Thee Vertisols range from pedogenetic Pellic Vertisols, developed on relatively basic rock 
typess in accumulative lower slope positions, to geogenetic Chromic Vertisols in relatively 
recentt clayey alluvial sediments. Moreover, pedogenetic Vertisols on older surfaces are often 
erodedd to such extent that they have to be classified as Chromic Vertisols and show residual 
accumulationn of gravels. These Vertisols have a high exchange capacity, which depending on 
thee clay content ranges from 15 to 30 cmolc/Kg soil, a high chemical fertility and a poor 
horizonn differentiation (Brabant and Gavaud, 1985). 

Thee Chromic Vertisols, formed on the upper slopes of the toposequence, are shallow 
(lesss than 2 m deep) soils, locally called "karal". They have pH values increasing from 6.5 to 
7.55 near the surface to alkaline values (8 to 9) in the deep soil layers. They shrink and swell 
andd are naturally fertile with high moisture retention capacity, and with high potentials for 
cropp production, especially cotton and sorghum. Continuous cultivation results in physical 
degradationn of the structure. Pellic Vertisols are on the lower parts of peneplain and on the 
fiatfiat lacustrine and connected fluvial plains. These soils, locally called "yaere" are very deep 
(>> 2 m) with high chemical fertility and moisture retention capacity. They have high 
potentialss for dry season sorghum locally called 'muskwari', though sometimes farmers 
cultivatee cotton. Though susceptible to degradation of physical structure, both types of 
Vertisolss are extensively used for agricultural production. 

Thee associated landform ranges from undulating to fiat. The total area occupied by 
thesee clay soils in the Diamare Plain is 544,400 hectares, which represents 6.60 percent of the 
totall  land area (USAID, 1974). 

Thee toposequential soil pattern on the peneplain reflects the complex paleoclimatic history of 
thiss area. The upslope weathered very shallow acid soils were formed during pedogenesis in 
ann ancient period with a humid tropical climate while the downslope deep vertic soils 
originatedd during the more recent dry climatic periods (Brabant and Gavaud, 1985). The 
generall  toposequence from the inselberg to the peneplain has been described as follows 
(Bocquier,, 1964-68 as quoted in 1973 and Brabant and Gavaud, 1985): 

OnOn the inselberg 
Discontinuouss shallow (< 50 cm) poorly developed soils in weathered rock, sometimes with 
rudimentaryy B-horizon. The main types are Arenosols, Lithosols, Luvisols and Regosols. 

AlongAlong the slope linking the inselberg to the peneplain 
Thee soils, described as well developed with horizon differentiation (Brabant and Gavaud, 
1985)) have been formed in weathered acid rocks, mainly granites and granodiorites. The main 
soilss are Luvisols and Planosols. They have diagnostic B-horizons that are rich in 
sesquioxidess and newly formed clay but still have high contents of weatherable minerals such 
ass plagioclases and ferromanganese minerals. Horizons are well-developed (Brabant and 
Gavaud,, 1985). The slope ranges from gently sloping to undulating. The fertility and moisture 
regimess of these soils are very favourable to crop production but the soils are susceptible to 
degradationn of chemical and physical fertility, when cultivated. 
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OnOn the peneplain 
Brabantt and Gavaud (1985) have described the soils on the peneplain as ferruginous, 
fersialiticc and vertic types. The soils vary from Luvisols, Planosols, Regosols, formed on acid 
rockss to Cambisols and Vertisols on basic rocks. 

Thee acid soils developed in granites and gneiss have distinct A2 and Bt horizons while 
clayeyy soils with swelling clay minerals developed in weathered basic rocks show very poor 
horizonn differentiation. These swelling clay minerals, newly formed from elements released 
byy weathering of primary minerals, interact with organic matter and base cations to form 
Vertisolss characterised by well developed structure and shrink-swell properties, particularly 
alongg the downslope part of the toposequence. These soils, which generally are on gently 
slopingg terrain, are fertile and suitable for agricultural production, but require careful 
managementt of the soil and plant resources to avoid degradation (USAID, 1974, Brabant and 
Gavaud,, 1985). 

Thee general pattern of distribution of main soils and vegetation along the inselberg -
peneplainn toposequence is summarised in the table below (Bocquier, 1973; Brabant and 
Gavaud,, 1985). 

Inselberg g 

Linkingg slope 

Peneplain n 

Mainn soil sequence. 
Arenosols,, Lithosols, Luvisols, 
Regosols. . 
Lithosols,, Luvisols, Planosols, 
Regosols. . 
Luvisols,, Planosols, Vertisols. 

Vegetationn sequence 
Woodyy savanna dominated 
byy Boswetllia species. 
Woodyy savanna dominated 
byy Terminalia species. 
Openn savannah dominated by 
Acaciaa species. 

Tablee 2.1: General pattern of distribution of soils and vegetation along the inselberg 
peneplainn toposequence in the Sudan savannah region of North Cameroon. 

CPCSS (1967) 
Vertisoll  modal 
Soll  ferrugineux tropical lessive 
Planosoll  eutrique 
Vertisoll  hydromorphe 

FAO-Unescoo (1974) 
Chromicc Vertisol 
Chromicc Luvisol 
Eutricc Planosol 
Hydromorphicc Vertisol 

Tablee 2.2: The four main soil types studied during this research are presented according to 
thee French (CPCS, 1967) and FAO-Unesco (1974) classification. 
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