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The effccts of agriculture on soi1 quaiity wert a s d  in northeastern Ghana. 

The Eaniiing practices arc governtd by the farmrs' socio-economic conditions and 

interviews and questionnaires were used to assess these conditions. The effects of the 

farming practices were evaiuated at sixteen sites using soii quality indicators, and soil 

tedistribution was assessed using the '"CS ndistn'butioa 

Food production is dominantly househoId-based subsistence agriculture. Farmers 

have srnaii compound farms and nearby bush-Wow farms. Eighty percent of respondents 

noted worsening soii conditions and soii fertility. Although private ownership of land is 

commonly mggesteci to impmve soil conservation, 75% percent of respondents were 

satisned with the traditionai method of land allocation. 

The complex relationship bctween soii and landform, particularly, age of the land 

surfaces made it difficult to p u p  the sites based solely on farming practices. The soil of 

upper slope sites had high concretion contents, dithionitc-extractable iron contents and 

magnetic susceptibility values. Four lower shpe sites had mttlicd mils with Iow 

concretion contents and oxaiatddithionite iron ratios and magnetic susceptibility values 

indicative of poorly draineci conditions. The h a 1  t h  soils o c c d  on an active 

erosionaVdepositionai surface in a small catchment. 

The refmnce inventory of % was 830 Bq ~2 (coefficient of variation of 

25%). The highest soii losses (averaging 19 Mg ha" yf ' )  o c c d  on two upper dope, 

compound b. Average soil loss h m  the tmsh farms was 7 Mg ha-' pl. Negligible 

soil gain occarrcd on lowcr slope sites, Eadicating net export of eroded soiL 

The assessrnent of soil quaiity cbangcs focused on the fine soii fiaction (Qmm). 

Soil P, base saturation, and pH weze not apprcciably affwtcd by cultivation Upper dope 

sites had, on average, lost 67% of the prc-caItivaclon soil organic wbon (SOC). The Ioss 

of SOC lead to decnases ia totai soi1 N and cation exchange capacity. Less than 50% of 

the observeci SOC loss coald be attriited to rosion, indicating the importance of SOC 

loss h a g h  residue removal, burning, and mineralization. AIthough erosion control 

wodd be an important conaibutor to suil quality maintenance, a hoadex effort involving 

many facets of the farming systcm is requircd 
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1. INTRODUCTION 

Degradation of soil quality has been widely recognized as a major effect of 

apricai~e on ecosystems. When native land is opencd for agricuiture, various changes 

occur in the physical, chemical and biological propcrtks of the soil The rate of change 

in soil proptics depends on the inherent characteristics of the soil, climatic conditions 

and rnanagemtnt practices. Management practiccs are important to soil quality 

maintenance because they are under the control of the land user. A sustainable land 

management system is a system that is productive, protective, viable, acceptable, and 

affords security to the fariner @urrÿuiski and Smyth, 1993). Thus the evaluation of 

sustainabie land use nquires a systerns approach that examines the soi1 as part of an 

ecosystem with complex internal and extemai interactions. 

The impact of agricuiture on soi1 properties has been extensiveIy evaluated in the 

humid and semi-arid tropics (Nye and Greenland, 1960; Lai, 1987,1995). Considerable 

progress has ken  made in idcntifjhg agmnomic systerns for sustained agricdtural 

production (Sanchez and Benitcs, 1987; Lai, 1987,1995). Howwer, m s t  of these 

studies were conducted on research stations, which do not represent adequately 

conditions on farmers' fields. This is cspccially important in the semi-arid rcgion 

because of the complex nature of Iandfonns of the region and the partkuiar socio- 

economic conditions of the farmers. Serni-arid grassiand occurs on oki land surfaces 

with highiy weathered mils and parent materials. Sniall-scaIe farmers who are faced 

with many constraints that affect their rrÿuiagemnt decisions dominate agricaltare. 

Whcre as research station resuits o h  looked cxtmntly promising, the transferability 

of th& results is Iimitcd, causing difnculties in rnany agricnltirral development pmjects 

(Auieri, 1995). Another important himion of these smdies is the focus on soil 

fertility conStraints rather than productivity. As sach, the rate of soii quaiity 

degradation and the soil pmp& that can bt used to mnitor soil quality degradation 



wcre nevcr adtquattly studied. Also, the relationships txtwctn mil quality degradation 

and the fiumm' circumstances were not studied. 

The general objective of this rcsearch was to evaiuate the effects of farming 

practices on soil quaihy in a study region located in northeastern G i  The specific 

objectives were to: 

9 identify soil properties that can be used as indicatm of soi1 quality, 

ii) detemine the rate of crosion on diffant land use types and the impact of 

erosion on ihdicators of soil quality, 

gi) understand the fan=' sacio-economic condition and its effect on their 

land use decisions. 



This study examines the infiuence of famMg pracîices on soi1 quality using a 

systems approach. A systems approach to research takes into consideration the complex 

interaction of the various cornponents of the whole system As such, it fosters 

integration of various disciplines ( P e t e m  et al, 1993). It peniiits synthesis of 

scientifk laiowledgc in a m e r  that improves the application of cesults in the real worId 

and also stirrialates basic research in critical areas (Ellion and Cole, 1989). 

The systems approach is a uscfd tool for the cvaluation of cornplex issues such 

as sustainable iand managemnt and soii quaiity (Karlen et al., 1997; Doran and Parkin, 

1994). The soi1 itsclf can be viewed as a complex tcologicai system composcd of many 

interlinked and overlapping subsystcm that interact to determine its characterktics, 

while at the samc rime intuacting with the ecosystem as a whoIe. The type of soi1 found 

in a givcn location dcpends on the interaction of f i e  basic factors (parent materid, 

ciimatt, organisms, rekf and tirne) (Jenny, 1961) as weii as human beings; famiers and 

planncrs using the mil also make dccisioas within a set of physical and socio-econoniic 

c0LlSttaints. 

DcciSons and actions taken by humaas can affect rmny n a d  factors and thus 

dctcniiine whethcr soii quaüty will be iowacd, sastained, or improved over dativeiy 

short t h e s  mien et ai., 1992). Generaiiy, the perception of phygfai constraints by 

h m r s  is infinenced by the pmraihg economk situation (Baudry, 1993) tspecially at 

the Ednn lcvel (Goiiey and Ryszkowski, 1988). Thdore ,  when exarriuied as part of an 

ecosystem, mil quality assessmcnts provide an effective mthod for evaiuating direct and 

iadinct cffects of haman nunagemnt decisions. 



in Ghana, agricuittue is doniinatcd by small-SC& fanners whose p r h i ~ y  

objective is household food d t y .  These Eamiers face severe physical and socio- 

economk constraints, typicai of most deveioping counuies. The socio-economic 

constraints of the farmcrs are sevcre, such that simple sub-discipline research on yield 
. . 

rriaxrnnzation in a monoculturai systern is not useful for understanding farmer behavior 

and agrononiic choices (Al* 1995). Tht approach used in my study combines natural 

sciences with socio-economic studits, and could be particularly useful for land 

management research and sustainabie agriculturaI development in Ghana. 

2.1.1 Susfcnnable iand management a d  soil q u e  

The issue of sustainabiiity amse from the inrrtascd awareness that human 

population is growing at a rate that the nnite nattrrai murces available may not be able 

to support @unianski and Smyth, 1993; La1 and Pierce, 1991; Harwood, 1990). World 

popuiation is projcctcd to increasc h m  5.2 Won in 1990 to 8.4 billion by the year 

2025 (Lang, 1994). To meet the dietary nceds of the increased population, about a 60- 

70% in- in food production wiii bt r e q M  hom the soil (La1 and Pierce, 199 1); 

however, 88% of the soi1 resource posstss one or more constraints to sustainable 

production (Oldem, 1994). La1 and Pierce (1991) cautioned that this could lead to 

increased hurnan-mduced land &gradation if sustainable land management stratcgies are 

no t adopted. 

Sustahabk Iand management is defmui as the use of land to mc t  changing 

human needs, whik ensuring Iong-terni socioeconomic and ecological functions of the 

land for the bcnefit of prescnt and futme gencrations (Dumanski et ai., 1991). The 

paradigm of sPstainable landuse is rtoc ytt c l d y  dcfined however, five objectives 

(productivityf secmity, protection, viabByf and acceptability) have been identitïed to be 

ased as evaluation tool @arrianski and Smyth, 1993). Roductivity includes the 

maintenance of crop yich as w d  as other agricultmal and non-agriculturai gains 

through improvcd land use. Secucity invohrcs the reduction of the level of production 

risk by impmving thc balance bctween land use, environmental conditions, and ctüinging 



social conditions. Protection refers to maintenance of the potentid of naturai resomces 

and prevention of degradation of soil and water qaality. Vibility is the economic 

performance of the land use system in relation to economic factors, while acceptability 

rcfers to the compatiity of the land use systmi with the socio-cultural factors of the 

farniing community. A compkte evaluation of a land management system requires the 

integration of these five objectives. 

Soi1 quality or soii heaith is an important link between farming practkes, 

sriminabie land rmagement, and agriculture (Gregorich, 1995). Knowledge about 

changes in soii quality is reqirired for sustainable management because not onIy does soil 

quality express the inhant atm'butes of a soil, it also expresses the abity of the soil to 

intcract with applied inputs (Larson and Pierce, 1991). Because of the compiexity of the 

soil system, m y  detinitions of soii quaiity have been suggested (Acton and Gregorich, 

1995; Doran and Parkin, 1994; Larson and Pierce, 1994; Acton and Padbury, 1993). 

Doran and Parkin (1994) reviewed several recently proposed definitions of soii quality. 

Ail these dennitions had in conimon the capacity of the soil to function effectively at the 

present and in the future. In order to adopt a long-term approach to land resource use, 

the aaditional view of soü quaiity, as masureci by soü performce and productivity, is 

now considered inadquate. Accordingly, the emerging definition of soi1 quality goes 

beyond crop production to issues of food safety, hanran and animai health, and water 

qnality. This expancicd definition recogrrized that soii does not only act as a mcdium for 

plant growth, but plays an important rolc in the ovcraii maintenance of the environmt. 

Doran and Parkin (1994) thmhre, mggesttd that soi1 quality couici be dcfined as: 

"the ca@ty of the soi1 to huiction within ecosystem imundaries to sustain biologicat 

pmdactivity. maintain environmental qaaüty, and pmmote plant and animal health. 

The driving force for a more ecoiogical approach to soil quaiity deMion has 

corne fiom the sustainabie devtIopmcnt agada, in which a central concern wiih the 

maintenance of yitM is ciosely associated with a desire to conserve natural resomces 

@uniaaski et ai., 1997). Several international confennces on mil and environmenta1 

degradation sach as the international Worksùop on Evaiwring Sustainable Land 



Management in the Developing WorkL m Qiang Rai, Thaüand in 1991; the United 

Nations Conférence on Enviromnt a d  Developmtnt (UNCED) in Rio de Janciro, 

Brazil in 1992; the Sustainabie Land Management Conference in Lethbridge, Canada in 

1993; and the Internationai Congrcss of Soi1 Science in Acapulco, Mexico in 1994 are 

indications of this concern (Dom and Safley, 1997). As weii, the new rurai 

development program of the WorId Bank titIed "Ftom V i n  to Action" is built around 

sustainable agricultutal development, comacion of natural resources, and sustainable 

land managenient (Dunianski a al, 1997). 

Soii quality can bc assessui qualitatively or quantitatively. Qualitative 

approaches are often fanner-driven, wkreas quantitative approaches are typicaiiy 

science-driven (Romig et ai., 1995). 

A qualitative approach to soii quality waiuation involves the use of descriptive 

properties such as how the soil iooks, fds, and srnells as weii as its resistance to tillage, 

the presence of w o m ,  etc. (Acton and Gregorich, 1995; Rornig et ai., 1995). This 

approach depends on famiers' î i d  txptriuicc and indigenous knowledge. As such it 

can bc subjective. Even though it is subjtctive, it has much to offer scientists interestcd 

in soii quality evduation (Arshad and Coco, 1992; Pawluk et al, 1992; Harris and 

Bezdicek, 1994). Harris and &zdictk (lW) arguai that hdigenous farmer knowMge 

based on practical expericnce wald be uscd to c a ü i t e  measured valries, aiiowing a 

mon meaningfd description of mil QPality. They stated that visiile signs and 

morphological observations in the field can be used by both producers and scientist to 

recogmzt degraded sois. Surface scaling, cmsting, riIis, ponding of water, type of 

vegetative cover and other such fcaaircs can be nsed as indiCators of soir degradation 

and pomtcd out that this approach can be partinilarIy devant in regions wherc 

tesources art limited. Both Arsbad and Coca (t9!X!) and Harris and Bezdicek (1994) 



strongiy rtcommended that quaiitativc (descriptive) information should be an essential 

part of quality mnitoring pmgram~. 

Quantitative approaches to soïi quaJity evaiuation involve sophisticated analyticai 

procedures aimeci at generating data. Several approaches to quantitative assessment of 

soii quality such as the dynamiç assessment approach (Larson and Pierce, 1994), the 

perfomcc-based approach @oran and Parkin, 1994), and the muiti-scale approach 

(Karien et ai., 1997) have been proposed. One c o m n  feature of al these different 

approaches is that soii quaüty is assesseci with respect to specinc functions of the soiL 

The dynamic assessmnt approach proposed by Larson and Pierce (1994) 

measnres selected soii quality indicators over tirne using statistical quality control 

procedures to assess the performance of a given management system rathcr than 

comparing it to other systems. The advanrage of this approach is that it dows the 

r e m h e r  to focus attention on the attributes that contribute to the behaviour of the 

systtm. D o m  and Patkin (1994) describe. a pcrformancc-based index, which can be 

uscd to cvaiuatc s d  fundon with regards to major issues of (0 sustainabie production, 

(ni environmental quality, and (3 h m  and ouiimal health. Wlthin this hmwork, six 

e h n t s  were listcd: food and fibre production, erosivity, ground water quality, surface 

water quality, air quality and food quaiity. This hmework has an inherent flexibility, in 

that wcighting factors are assigncd to cach soil quaiity element, as determined by 

geographical mnsiderations, socictal concems and cconomic consteaints. 

The multi-scale approach presented by Karlen et ai. (1997) identi6ed five scaies 

of soi1 quaky vahation: point, p h  , fieid, farm(watershed, and regionai /national 

/ïmtcmationai scaiesales Point- and plot-scaie evaiuations arc aimcd at anderstanhg 

praccsscs that e t  soii quaiity whereas the higher scales (bid - international) of smdy 

art used for monitoring soii qPality. Consequently, subdiscipiinary basic research on soiI 

attribrrtes and idkators of soii quality is camed out at point-scale, while, disciplinary 

and mter-disciplinary applicd research and edncation chat demonstrate how soil quality 



can change with nianagancnt arc conducteci at the plot-scak. The advanrage of this 

approach is that it mcognizes that soii quality can be viewed in two distinct ways: (i) as 

an ùIherent characteristic of a mil and ( i i  as the health or condition of the soiL 

Quantitative or qualitative assesment of sol quality requins the use of 

indicators. The cornpiex nature of soi1 qnality does not alkiw the use of a single measure 

(Acton and Gregorich, 1995) and t h d o r e  a range of indicacors are d Because of 

the wide range ovcr which soi1 properties Vary in rnagrimde, importance, tim, and spact 

(Karien and Scott, 1994; Larson and Pierce, 1991), ihdicators used to rneasure sol 

Quality must bc clcarly defincd and seiected. Knowledge of pedogenesis, landscape 

characteristics, and the dynamic processes occurring witfiin a soii are important for 

selection of appropriate indicators for soil quaiity evduation (Karien et al., 1997). 

Pedogenesis and landscape characteristics are inherent soii properties, while dynamic 

processes respond qukkly to nianagement practices (Carter et aL, 1997). 

Soi1 quality indicaton arc still king defmed Larson and Pierce (199 1) dehe  

indicators as nrasurabic soil attributes that are sensitive CO the effècts of management 

within a rcIativdy short timt. Acton and Padbtny (1993) denned them as masurable 

soii proputics that ~ c n c e  the capacity of the soiI to produce crops and protect the 

environmnt. Dom and Patkin (1994) and Tourco et ai. (1994) suggested that apan 

h m  bemg mc8surabie and sensitive* iadicators shouid assess the funcrionhg of the 

system and mdicate temporal and spatial diffacnces at aii sc& of masurement. Doran 

and Safley (1997) sirggestcd that, in addition to the above properties, nidicators shouid 

de&e the major mil processes and rctIect conditions as they exist in the field They 

argucd that this will imeasc thci. nscfiiIness in process-orienteci modeling. In general, 

indicators mst h t e p t c  soil physicai, chernical and biological propcrtks for the 

cvaiuation of the efkcts of clkruite and nÿinagemnt on soi1 fundon. They showid be 

rcIaciveIy easy to nse by both scitntist and producers, and where possiiie, they shodd be 

attributes that already exist in data banks. 



Soii properties such as soii depth, watcr h o h g  capacity, buIk density, hydraulic 

conductivity, nutrient availability and retention, organic matterl pH and electricai 

conductivity have ben  identificd by Arshad and Coen (1992) as desirable indicators. 

According to them, the iisted properties art &y masurable and sensitive to 

management and, thus, are oftcn a£Etcted by degradation processes. D o m  and Parkin 

(1994) and Larsan and Pierce (1991,1994) have listai a suite of mil physicai, chernicd 

and biological properties that couid be used to assess sail quality world-wide. Physicd 

properties inciude mil texture, motiag @th, buik density, Mtration, water holding 

capacityl and saucture. C h c d  propmks include organic carbon, organic and mineral 

N, niineral P and K, pH, and electricai conductivity. Biologicai properties include 

microbiaI bioniass, C and N niineralization, and mil respiration. 

These physicai, chernical and biologicai properties couid be considered the 

minimum data set that can be uscd to assess changes in soii quality ( L m n  and Pierce, 

1991, 1994). They suggested that smdardkd methodologies and procedm for 

assessing changes in soïi quality shoPld be established and that reference levels are 

needed to determine whcther a soi1 is king dcgraded maintaincd or improvd The 

nfcreucc could either be an eark  data set h m  the same mil, modal data for the mil, or 

compatison to data from the samt soil in native conditions. Knowkdge of whether 

changes in the minimum data set of soii propertics rcpresent conservation, enhancement 

or degradation is more criticai to soir quaihy (Larson and Pierce, 1991) assessmnt than 

quantitative estimates of soü q9ality. 

Larson and Pierce (1994) also sriggtstcd tbat mil properties that art too costiy or 

a t  to masure but would be desirable patamcters for soil quality asscssment couici 

bt prdkted h m  other mil pmpcrtks asing ptdotramfkr fnnctions (Bouma, 1989). 

The pcdomnsfkr function is a niathenmical fonction that relates a given sail propeny 

wiui other, more simply mtaspnd p r o p t b  for use in evaIuations of soii quaiity 

(Lamon and Pierce7 1991). Phospbatc-sorption capacity, cation exchange capacity, bulk 

density, water retention, porosity, hydrarrIac conductivity. electncal conductivity7 

satarated conductivity, sosoil produciivity, ad motkg dcpth are some of soii pope- 



for which pedotransfér functions have bœn proposed for. A simïlar proposai was made 

by Doran and Parkin (1994) who added cation exchange capacity, and aggregate stabiiity 

to the pedotransfa indicators iisted above. Cation exchange capacity, for example cm 

bt esthutcd fkom soii organic matta, pH and clay content. 

Doran and Parkin (1994) emphasized that the îisted propertics are only basic for 

initiai characterization of soii quality and that other sets of properties may be needed as 

dictateci by existing data bank, chnatic, geographic, and socio-economk conditions or as 

indicated by assessrnent of the basic indicators. 

23 CIimate and mils of the semi-arid Tropics 

The iiterature on soi1 quality emphasizes the need to choose mil quaiity iridicators 

appropriate to the physical and socio-economic environment of the study area. The 

purpose of the ncxt section is to review the iiterature on the environment of the study 

region to deveiop a hmwork  for the selaction of soii quaiity indicators. 

As the nam implies, the semi-arid tmpics are characterized by long dry perioâs 

and short rainy scasons. The c h t e  of the West A6ican semi-arid zone is ulnuenced by 

two dominant air niasses. The north-easterly dry Harmattan, which cornes fiom the 

Sahara, and the muth-wcsterly minsoon of h d  oceanic air (Kowal and Kassam, 

1978; Jones and Wild, 1975). In northern Ghana, the dominant wind for most of the 

ycar is the north-east Harmattan and in the south, the muth-west monsoons. The 

intlutnce of these wulds is seen in a short and Pnimodal wct scason in the north, and a 

longer and bimodal rainy season m the south (Jones and WÏki, 1975). 

These differcnces in raid3 pattem have W t e d  m three broad ecoiogical 

zones. The Saheiian zone in the north (inc1uding northeastun Ghana) has kss than 600 

mm of annuai ramfall and a rainy season of two to four mnths, the North Sudanian zone 

has 600 to 1000 rmn and four to ûve months of min and, and the South Sudanian zone 

bas more than 1000 mm of rainfall and f i e  to six mnths of min ( A b  1969). 



Tbe prevailing ciha& coraditions of distinct wet and dry seasons bas a direct 

e&ct on soil forming processes and agriculture in the rcgion. The high tcmperatures 

during the dry season encourage acceleratcd chernical decomposition and deep 

weathering of rocks, and the sudden tonential rainfail foilowing a prolonged dry season 

(during which the gras cover is often burnt) induces topsoil erosion. Most of the rains 

occur in high mtensity storms nsulting in runoff and severe erosion, even on relatively 

flat lands (Kowai and Kassam, 1978). The l o s  of topsoil can also lead to irreversible 

hardcning (laterizarion) of the exposed subsoil (Eswaran et aL, 1992). Aithough total 

rainfall in a year can be adequate, major problems for agriculture are posed by its 

variability, distribution and irreguian'tics. Climatk constraints include rainfi 

seasonality, with nearly 90% of annual precipitation faliing in the rainy season, wide 

fluctuations ktween and within rainy seasans, and highly uncertain &tes of arriva1 and 

cessation of seasonai rainfaa This high spatial and temporai variability and high 

potential evapotranspiration influence the proportions of rainfall avaiiabie for crop 

A wide variety of soils occur in semi-arid tropics duc to the cornplexity of the 

land forms in the region (Viek, 1993; Eswaran et aï, 1992; Stewart et ai., 1991). 

Alkols, Oxisols, Ultisols, and Entisols prcdominate whüt Vertisols, InceptisoIs and 

Alluvisois occur in srnail patches on Iower dopes, river plains and vaileys (El-Swaify and 

CaMwed, 1991; Lai, 1987). Arnong the soil orders, Alfisois, Orasoh, Ultisois and 

Inceptisols are connmn in the rcgion under stndy, and at the study site itseIf Alnsoh are 

dominant (Adu, 1969). 

Aifisois are relatively futilt coqand  with Chisols and üitisois, but they have 

poorer soii physicai propcrties (Lai, 1987), which liniit their producavity potentiai. The 

soils axe characterizcd by a coarse-tcxtprcd sPrfacc horizon overlying a clayey subsurfhce 

iayer that may compomd probhcnrs of hardpan conimon m thcse soiis (Babloia and Lai, 

1977). About 250 raiIüon hectares of At6sois in senii-atid West AEnca have hardcned 



Iatcntc at a shallow deph, about 5 to 25 cm bclow the sirdace (Lal, 1987). As a result, 

expioitabIe rooting depth is lixnitcd and becornes an important constraint affkcthg 

prodactbity. Also, these poor mcturai characteristics have resuiteù in high po tential 

for crosion, vulnerability to sealing and msting and g e d y  iow fertility (Hauffe, 1989; 

Quansah et ai., 1989)- The presence of these hardpans also imparts a complex 

nimeralogical characteristic to the soils that does not r e b t  present climatic and 

managcmnt conditions (Eswaran et ai., 1992). To fuiiy appreciate these soh and the 

soi1 constraints that face agriculture in the region it is important to understand the 

genesis of these hardpans aad, therefore, the geomorphology of the region (Ah,  1974). 

Most of the semi-arid tropicd Iands are d e  up of ancient rocks known as tire 

basement complex (Ah,  1974), which have undergone a long history of erosion. These 

rocks belong to the oldcst geoIogical puiod, the Re-Cambrian age. Because of the 

absence of Pieistocene giaciation, many of the landscapes pre-date the Quatemary. 

Rernnants of penepiains as oId as d-Tcrtiary (about 20 million years) are c o m n  

(Eswaran et ai., 1992). Also corrimon are lithological discontinuicies such as stone-lines, 

quaru gravds and fermginoos noduies (Ahn, 1974). 

Evcn though the tropics did not &go giaciation during the Pieistocene, other 

equally dramatk clirruite events o c c d  during ihis period that restiaped the entire 

tropicd landscape. A prolongeci period of cooling and aridity, which resulted in drastic 

vegetation changes (Thomas, IN).. Most of the foresteci areas wcre converted to 

savannas and the savannas to dtscrts. This proiongcd dry period was foflowd by a 

paiod of much wetter climate in the eariy HoIocene that resuited in huge fioods with 

hi@ sediment ioads and the cawing of bcdrock channeIs. As weîi, aplift, tilting and 

erosion are somc of the important tectonic procases that contra1 the dynaniics of the 

landscapes in tropical rrgions. These proccssts accehted sirrface msion and relief 

inversion momas, 1994). 



Three broad catcgories of landforms and soii toposequences (catcnas) have been 

idcntincd in the semiarid savanna as folows: catcnas without rock outcrops, catenas 

with rock outcrop, and piinthite catenas (Gerrard., 1981). Catenas without rack are the 

youngest geormxphic surfaces and occur as aarrow fhod plains almg som of the major 

streams. Catenas with rock outcrops occur in small scattered patches on old surfaces on 

the highest parts of the landscape with siope angk between 8" and 10". Catenas with 

plinthite also occur on the oldest msion surfaces and on the highest part of the 

landscape but the dope form is fairiy constant with a 5ttened upper dope and s m ' t  

separated from a sttaight or concave middie portion (Ahn, 1974). These plinthitt 

catenas are the ciassic Atiican catenas with srmoth concave-convex dopes ( A h ,  1974) 

and are the dominant landscapes in semi-ad West Mica (Bui et aL, 1990). 

Plinthite is an iron-rich, humus-poor rnixtute of clay with quartz and other 

materiais that corrrmcinly occurs as dark red horizons (Soil Survey Staff, 1994). It is füm 

to very fmn when moist and hard or very hard when dry, changing to an irreversibie 

ironstone hardpan or irregular aggregates on exposure to repeated wetting and drying, 

especiaüy if it is also exposed to the heat of the Sun. The irreversibly hardened fonn is 

known as petroplinthite (Soil S m y  Staff, 1994; Eswaran et ai., 1990), Petroplinthite 

kqucntly occurs in the s d  as base or siightly cemented gravel and is often nférred to 

as ironstone, lateritic gravel or concretions (Eswaran et aL, 1990). 

Petroplinthite gravel or coltcretions are very c o m n  in mils of oider 

iandmfaces, soch as West Aika, where they occur as iaycrs varying in thickness h m  a 

fcw ccntimcters to about I m (Eswaran et ai., 1990). These petroplinthite gravels may 

have no pedogcnic rclationsbip to rhe soiI in which they occur, and th& behavior and 

d e s  are sinrilar to stones of qnanz or granite m other allwial or co~uvial mils. If an 

aquk soi1 moisturc reghm prcvails, re-cemenration of the petrophthite may commence 

again leaduig to the formation of a petroferric contact (Eswaran et aL, 1990)- A 



petrofcrsc contact is a boundary bctween the soil and a continuous layer of indurated 

h n  rich materiai (Soil Swey Staff, 1994). 

The occarrnice of piinthite profïks on upper dope positions is interesting 

because férmginous materials are f o d  m vaiieys and Iower slopes. According to 

Ollier (1991) the iron was brought into îhe valieys by lateral groundwater movement, 

and concentratcd into a femginous crut. Erosion of surroundhg dopes with 

subsequent reiief inversion raised (in a relative sense) the low lying ferruginous m s t  to 

their current high elevation. 

2.2.2.3 Formation of femginous concmüons 

Ferruginous nodules or concretions are f o n d  as a resdt of weathering 

associacd with development of these oid mils, and are found most corrimonly in soils 

f o d  in regions that have aitemathg wet and dry periods. These clirnatic conditions 

favor the altemating reduction-oladation and hydration essential for deveioprnent of 

concretions or nodules (Sherman and Kanehiro, 1954). The release of Fe fiom primary 

niinerals is necessary for the formation of nodules and concretions, bat the most 

important process is the local accamulation of Fe odes.  

The rtlease of Fe h m  primary minerais usually require the dissolution, transport 

and rc-pincipitation of the Fe-oxides. Thc process of Fe segregation involves four basic 

steps: 1) mobilization of Fe as k2+. 2) transportation of ~ e "  by dinusion or iriw flow 

due CO gravity or capiiiarity, 3) hbiüzation of Fc" by prrcipitation of soiid Fe 2' 

oadcs and adsorption on ciays, and 4) oxidation of k2' by Q or o k  oxidants to 

~ e ~ o x i d e s  (Esawaran et ai.. 1990: van Brcexmn, 1988). This process resuits in 

relativeiy large amounts of fine-graincd, pooriy crystalIine or amorphous Fe o d e s  that 

becomc crystaiiine upon drying and dehydration at the high temperatures prevalent in the 

senii-arid mpics (Sherman et al, 1%4). 

The iron oxide is depositcd in the soi[ as limnite, geothite, and probably 

lepido& in certain cases (Sherman and KancbEro, 1954). When the sabsoïi is exposed 



by cnltivation or by the bss of aaturai vegetation cover, the hydrated Fe oxïdes are 

dehydtitted to form hematite. Som of the nystallized Fe oxides becorne concentrateci 

to form fimiginous concretions or nodules such as those fiequently encountercd in the 

northern region of Ghana. The stable and frequent F e 0  oxides found in these soiis are 

goethitt and hematitc (Nartey, 1994). The sizt of the Fe concretions increases with t h e  

of exposure to the surface (Sherman and Kanehiro, 1954). Nodules with diffuse fabric 

are formed if there is a continuous supply of iron; where there is periodicity in the supply 

of iron, concretions with concentric fabric resuit (Eswaran et aL, 1990). The 

concentration of Fe o d e  in the soils may range fiorn 4.1% to >50% (Schwertmann 

and Taylor, 1989). 

2.3 Traditional farming system in the semi-and Tropics 

Within the semi-arid regions of the aopics, especially those of West and Central 

M c a ,  shiftmg culcivation and scttled subsistence are the c o r m n  systems of cuItivation 

practiced (Ah, 1974; Sanchez, 1976). The nature of agriculture is essentiafly 

subsistence with Iow input and manual cuitivation with tools that Illriit the amount of 

land which can lx cleared in any one year (Ah, 19'74; LaI, 1987). Farrners airn at 

produchg a range of crops mainly for their own consumption, as opposed to 

concentrathg on one or two crops for sale in order to buy their own needs. Smali or 

miderate-sized artas, somtims scattend in severaI patches, are cultivatecl In the 

study area, subsistence fafiriing is practised around the household compound whiie 

sMhg dtivation is practised m woodlands about two to ten km away h m  the 

housthoids. Locaiiy, these systems are known as compound famiing and bush Eanriuig 

systems, nsptctively, and these terms will be used in this document. 

In compound Eanimig, the famiers create a pattern of fertüe, penrianently 

cropped fields around the cornpoands houscs that receive reguiar application of organic 

manare and househoid waste. Conseqaently, fertiIity graddy declines with incnasing 

distances h m  the house. On the 0 t h  han4 shifting caltivation nivolves a d e i i i t e  

alteration betwcen anma1 crop production and pcMds of vtgetative Mow. Ideally the 



iand is cuitivated for about 1 to 3 years and thcn lcft to regrowth for about 10 years or 

mrc (Sanchez, 1976). Thus, after a kw y c m  of culrivation, the land is left to faIlow 

and a new field is clearcd for cuitkation. Land clearing is done by the Wh and bum 

method and soi1 fcrtilty maintenance is dependent on nutricnt cycling and biological 

processes such as nitrogcn fixation and nutritnt accumulation in biomass d d g  the 

fallow period Fertilizer use is very limited. Because the system relies rnainiy on fdow 

qrowth of trees and other vtgctation for fertüicy rcgeneration mye and Greeniand, 

1960,1964) its viability depends on how weIl alternathg periods of cropping and 

fanowing maintain a balance between nutrient 105s (during cropping) and nuuient gain 

(during Mow) (Chinene and Dynoodt, 1994). 

2.4 Controls on the magnitude and direcüon of changes în soi1 quality 

The selection of specific incikators for soil quaüty changes in a region must also 

reflect the mechanisms by which the soii quality changes occur. The literature on soii 

quality typicaliy separates the conmis on soil quaiity changes into those that occur in 

sinc (e-g. mineralization of organic mattu) and those that involve the cxpon of soil kom 

the study site (typicdy by erosion processes). An important initial stage in a soii quaiity 

dua t ion  is to detcrrttine the importance of the two types of controis on soil quality 

changes. 

In the study region, the in situ changes in soil quaby are driven by the nature of 

the agricpltttrai practiccs. As discussed above, the farming system can bc divided into 

compound fanriing and bash fafimng. Compound faniillig involves the use of animal 

wastes and plant rcsidues as nutricnt sources whcnas the bush m g  systerns are 

dependent on natrient replacement through a fàiiow period. 

The second major conml on soii quaiity changes is by redistribution of soi1 

within (and beyond) the study region by erosion processes. Generally, the in situ changes 

in quality a f k t  the more dynamic soii propcrties (organk matter, plant avaüabIe 

nutricnts) but have a Iïmitcd effict on the morphology of the soil itsei€ Soi1 

ndistnbption, on tbc other hand, can greatïy a £ k t  the morphobgy of the soil itseff by 



cithcr nmovai of the surface soii (dming soii los) or buriai of the soii surface (during 

soü deposition). A major task of an initiai soii quality evaiuation is to determine the 

relative balance between soii loss and soii deposition in the study region. 

Although the effects of soii deposition can be of short-term importance, crop 

buriai, for example, the effects of soii loss tend to be of greater long-tenn relevance. The 

effects of soi1 loss can be broken into two broad categories (tarson and Pierce, 1994). 

The h t  is the loss of organicaiiy enrichcd surface soil (topsoil). The second group of 

effects occurs due to the incorporation of sub i1  layers into the surface soii by tiIlage 

foiiowing the removal of the srrrface soil. These subsoil layers may have growth-linnting 

characteristics that wili firrther Imiit the productivity of the soii ûeyond that attributable 

soleIy to nutrient los. 

Soi1 erosion by water is the most important type of erosion in Ghana. According 

to the Soii Research Insatute (1971), about 29.9% of the country is subject to siight to 

moderate sheet erosion, 43.3 % to severc sheet and @y erosion, and 23 8 to very 

severe sheet and guiiy erosion on hilly and steep dopes. The northeastern region is the 

most highly susccpa'bie to erosion because of the rciativcly thin layer of solurn and the 

variable dry and wet climatic condition of the region. 

The process of water erosion falls into twa major sequemiai events: (1) 

detachmnt of individuai panicks h m  the soii mass and (2) their trampon by raindrops 

and runnjng watcr. Deposition occnrs when d6cient energy is no longer available to 

transport the particies. The detachcd matcriai is d y  the fint soi& where plant 

nuaimts are mst concentrated. The consequent exposurc of subsoil ofien le& to a 

Iower rate of water entry, increased runoff and fmther soii loss. Erodiity de- the 

resstance of a soil type to both detachmnt and transport, It mvolves those soii 

propertics that affect infiltration rate and pcrmtability, as well as propertÈcs that 

detemine the e&cts of dispersion, splashùlg, abrasion and aansporting forces of rainfaIl 

and moff  (Morgan, 1986). 



2.4.l IR- sihr chunges to soi1 qualily: nubicnt &namies d . g  cuIn'vathn and f d b w  

cycks 

Icfcany, da& and bum agriculture is ecologicaily stable unAet very low 

population density (Nye and Grecnimi, 1960). Under this condition, the size of the 

cropped land could be srnaIl enough that it is snrrounded by native vegetation; the length 

of cultivahn is kept below two yean; and the lcngth of fâiiow is kept suf6ciently long 

(Juo and Manu, 1996). As the cropped W becornt larger and the length of fallow 

becornes shorter the nutrient cycling equilibrium is broken. A si@ant portion of 

nutrients icleased h m  b m h g  may be lost through msion, runoff or through leaching 

and crop mtioval. The total nutricnt stock in the whok ecosystem gradually deciines 

dPring subsequent cycles of M o w  and cropping. Dynamics of the total nutrient stock 

depend on maintenance of soii organic carbon, 

When the native land is 6rst cuhated, there is a large, rapid decrease in soil 

organic matter (van Veen and Paul, 1981; Lynch, 1984; Richter et al, 1990), mainly 

w i t h  the jïrst ten years of cuitivation. This can have a positive e W  on soii fertilty 

through the graduai reIeases of nutrients h m  the original vegetation (Chinene and 

Dynoodt, 1994). The rate of organic mer decomposition and nutrient release is 

coniroikd by physicai, chetnical, biobgical and managemnt factors (Wood et al, 1990, 

Ismail et ai., 1994). Managemnt conmis include culturai practkes such as tiüagt, 

rcsidue managemnt, cropping intcnsity and f-tion. Burning for example, rmbiüzes 

iargc amoints of cations (a2+. MC, K+, NH;) anri anions (CT. SO:~ as watcr- 

soiubk elcments prcsnit in ashes, and h m  sol chernical reactions nsulting from hcating 

(Khanna and Raison, 1986). Frequently the m u n t  of nutrient eltmnts in the ash is in 

the order of Ca>K)Mg>P. 

FoIlowing this initial flush of decomposition, organic matter declines siowIy anal 

the soü fcaches a new q a i l i i  for the types of caltivation systcm being used (Tiessen 

et ai., 1982). Most often, the new ~ k v &  are below those of the native iand 

because sabstantial losses of C, N, and S to the atrrvosphcn thtongh volatiiization 



(Sanchez, 1976). Rapid inmases in mil pH, exchangeable bases, e t i v e  CEC and 

available P in srirface mils arc also c o m n  (Nye and Grtenland, 19o0, Andriesse and 

Koopmans, 1984; Andriesse and Schelaas, 1987% b). The tllrit required to reach a new 

q u i l i i  after cultivahn has bcen estimated at 30 to 50 years (Mann, 1986), 60 to 70 

years (Martel and Paul, 1974) or longer, especially for intensively weathered soils (Nye 

and Greeniand, 1960; Paul and van Veen, 1978; T i n  et al, 1982; Chinene and 

Dynoodt, 1994) 

The naturai vegetation growing on intensively weathered soils is l e s  abundant 

and recycles smaiier amounts of nutrients because it depends on nutrient released from 

decomposing plant biomass ta meet mineral requirernents (Juo and Manu, 1996). In 

these soils, cspecially low-base statu soils of the tropics, over 80% of the essentiai 

nuaients are heid by the plant biomass with very lit& heId in the bulk soii (Sanchez, 

19ï6). This unbalanced nutrient distribution between biomass and the soil is refiected in 

the substantiai loss of mineral nutrients rcleased during the slash and burn operation if 

the soii system is unable to main them (Juo and Manu, 1996). If these naturai systems 

are uandormed to human-nianaged systems, the nutricnt pool, priniarily the organic 

componcnts, k o m s  drastkaiiy teduccd Thus, the overail c&t of shifüng cultivation 

is not oniy that of o r g e  matter depletion, but the reaching of new equiliium leveis 

that are below those of the native vegetation. Studies show that for a crop: fallow ratio 

of 212 years, organic carbon equili'brir~m is about 75 96 of the original leveL According 

to Nye and Greenland (1960), whcn the crop: Mow ratio bacornes narrower due to 

population pressures, the new equiiiium is attained at about 50% of the native 

vegetation. 

Soi1 organic carbon is generaiiy considaci the most u n i v d  indicator of soii 

quality, particuiarly m agroecosystems because it affects so many other chenticai, 

physical and biologacal propcrtics of the soii (Boyle et ai., 1989, Granatstein and 

Bezdicek, 1992, Larson and Pierce, 1991; D o m  and Patkin, 1994; I d  et al, 1994). 

Soii organk matter affects p h t  nutrient bels, soii stmctme. watcr stabie aggregates, 

tilt. and water hoIding capacity (Eiaynes and Swift, 1990; Larson and Pierce, 1991; 



Swift, 1997). It is the dominant source of nutricnts, especially in iow input agricultinal 

systms such as those found in the semi-arid tropics (Lal, 1985). In these systems, the 

loss of organic materials h m  the soi1 surface is especially devastating, because the soils 

are inhetently low in fertility and most of the essential nutrients are concentrated in the 

top few centimeta of soiL 

The ioss of soi1 organic rnatter and nuaients resuits in an overd1 soii fertility bss 

(verity and Anderson, 1990; Geng and Coote, 1991). As substrates for microbial 

consumption becornt depleted and nuaient dekiencies Lunit plant growth a d  residue 

inputs, W e r  bsses of macro-aggregate structure occur reducing plant growth, hence 

increasing erosion piessen and Stewart, 1983; Parton et ai., 1988). Evenniaily, the 

labile organic rnatter pools may be so depleted that the rate of C rriineralization in 

disturbed soils becornes very low. Unlcss replenished, nutrient depietion by m p  

removaî, Ieaching, runoff and erosion, and volatiüzation result in the loss of soil fertility. 

Los of bases and increases in acidity by leaching are direct results of a decline in soii 

coiioids. The leaching losses of nutrients to subsoii arc increased when deep-rooted 

perennials that wouid otherwise effectively tecycle these nutrients are absent (Lai, 1987). 

The mechanism of soi1 enrichment ander fallow vegetation is associated with 

accumulation of iitter produced during the faüow pcriod. Faüow vegetation d h c s  its 

minerai nutrients niainly h m  the soîl aucl hence the ftrtility status of the soîi at the time 

of firllow is very important, Nutrient uptaice by the faüow vegetation may lead to a 

d e c k  in soii pH and subsequcnt docline in fertility in soils containing limited rcserves of 

exchgeabie bases and major nutrients (Juo and Manu, 1996; Greenland, 1975, Ahn, 

1959)- 

The age of the Mow vegetation is anotha important deteminant of nuuient 

accamulation under fàiiow vegetation. OId, matured fallow vegetation stores larger 

amunts of nutrients than youngcr ones. Leaves and branches are important nutrient 

sinks on young trees; in o k  mes, large quantith of nutrients are stored in the tnuiks. 

Witb age, the quantity and qaaiity of Wow spccies in-, hcreasing the abiiity of the 



faiiow to restore fcrtility of the soil (Szott et aL. 1991), Grasses that colonize the land in 

the eady stage of fallow are oftcn ef6icient K accumulators whüe perennial shnibs and 

m e  legume are good P and Ca accumalators during iater stages of succession. 

Hcrbacwus l e m s  6x niirogen Studies show that the total biornass accunudation 

during the 6rst 10 ycarr of falhw varies conriduably, mging h m  48 to 160 t ba'' 

(Szott et al, 1991) and reaching a steady state aftcr 7 to 15 years of faliow. The total 

amount of biomass at this steady state is typicany oniy 35 to 75% of the original biorriass 

(Szott et al, 1991; Jaiyeoba, 1997). This suggests that the total amount of biomass of 

the secondary forest rnay take hundreds of years to reach be l s  comparable with that of 

the prirnary lcvel once the total nutricnt stock has been significantly reduced and the 

nutrient cycling mechaniSm are disnipted by repeated cycIes of slash and burn 

cuitivation. 

The effects of the in situ changes on the dynamic soil propertics must be 

separateci from changes due to mil los. Pennock (1997) argueci that it is very important 

to distinguish between selective erosion and bulk msion because of the possibility of 

'Yertility erosion" associated with seiective erosion. Selectivety remved niaterials are 

lost in amunts disproportionate to their relative arnounts in the bulk soil materiai. Most 

often materials rcmovcd are mil organic matter and k e  soi1 particles (ciay and siit). 

Because the soil nutricnts and exchange sites are concentrateci in the sail organic matter 

and clay fÎactions, this stkctivt loss of matcrial has grcater impact on fertilty than the 

bulk sail 10s itseif wouM suggest. It is, thdore,  apparent that smalIcr erosion tosses, 

which rnay seem unimportant with respect to volume of mil nmved, may be very 

important as far as the nutritionai depletion and the gencral deciine in the productive 

capacity of the surface soii is concemed. 

The incorporation of growth-liniiting subsoa Iayers hto the surface soi1 layer is a 

second major consequence of soi1 Ioss. In some tropical and subtropical regions this 

concern is cspccially acute due to the pnsenct of piinthite iayers in the subsoii. 



Plinhite, and its related f o m  snch as petroplinthite and the p e t r o f d  contact, 

reduces soi1 quality because it prcsents physicai and chemicai constrauits t h t  hinder 

Esmring opcrations and reduce productivity. In generai, piinthite forms a textural 

unconfonirity (Sanchez, 1976). It is a senti-penneable subsoil f e a m  (Eswaran et ai., 

1990) of high bulk density and extreme strength. This leads to reduction in the volume 

of niacropores and total porosity of the soil (Cassel and Lal, 1992). The textural 

unconformity of the subsoii plinthite layer causes water to coiiect above it, Iimiting the 

potential uses of the soil to crops requiring watcr saturation, such as rice. According to 

Danids et aL (1978) about 10% platy piinthite is required to perch water. 

The texturai unconfomity a h  iacreases the erosion hazard by affecting 

inliltration rate of the soil. As the topsoii is eroded, the subsoil plinfite is exposed and 

becomes hardened and cemented to form irreversibly hard ironstone pans and gravels of 

petropiinthae (Eswaran et ai., 1990). Petroplinthite concretions behave like quartz 

gravels and stones in soils by reducing the effective mil volume for water and plant 

nutrient mvement, plant uptake and mot growth (Eswaran et al, 1990). When plinthite 

and petroplinthite occur close to the soil surface they increase mechanicd impedance to 

shoot unergence and root growth (Cassel and Lai, 1992). The hardened petroplinthite 

formation is an irreversible stage of degradation, which results in land abandonment. 

In addition to physical consuaints, pliuthite prescrits cheniicai constraints 

associated with its mineialogy. The mhedogy of plinthite is dorninated by oxides, 

hydroxides and oxyhydroxides of Fe and AL Iron o d e s  are srriaIl, with crystai sizc of 

10 to 50 am (Schwenmann and Herbiilion, 1992); therefore, they possess a iarge specific 

s m k e  area that e&ctively conm'bntt to the overail sarface area of so&. in o d e  

systems, the charge is entirely pH dependent. The chernicd nature and specific d a c e  

area of Fe o d e s  make them efficient sorbnts and therefore sinks for 1) inorganic 

anions sach as silicates, phosphates and molyMate, 2) o r g e  anions and molecules sach 

as citrate, fpIVBE and humic materials, and 3) cations mch as Ai, Cu, Pb, V, Zn, Co, Cr 

and Ni, som of which arc essential for plant growth (Schwemrrann and Taylor, 1989). 

The kst h o m  cffect of the Fe-oxide srrdace is its high aîEnity for phosphorus retention 



(Schwcrtniann and Hddlion, 1992) as deminstrated by drastic decreasc in P adsorption 

aftcr dI&rcntial remval of the Fe oxides by citrate-bicarbonate-dithionite (CBD). P 

availabdity in soiis is often a liniiting factor for plant growth even though the total 

amount of soil-P may be high. Ferruginous gravels or nodules sorb P and are capable of 

raishg the sorption level of mils (Tiessen et ai., 1991b and 1993) despite the5 apparent 

inert nature, because of their reactive Fe and A l  oxide content. 

2.4.3. E#ecb of rock jmgmenf/conccciions on soi1 emsion Iry water 

There is a strong interaction between the presence of the plinthite and 

concretions in the surface mil and the rate of soi1 erosion by water. The effect of rock 

hgments on infiltration rates and percoktion rates are discussed by Brakensiek and 

Rawls (1994) and Valentin (1994). Infiltration determines the rates and amounts of 

surface water that are available to overiand flow and watershed runoff. The effect of 

rock hgrrrcnts on infiltration is very conmiversial - some reports suggest negative 

rclationship and others a positive relationhip. These apparent conaadictons could be 

rehted to the position (Le., embedded in the soiI or resting on the mil surface), size, and 

cover of rock hgments as weil as structure of the 6ne earth (Poesen et ai, 1994; 

Vakntin, 1994). Rock hgments cmbtdded in the soil d u c e  infiltration and Uicrease 

ovcrland flow whereas those mting on the surface m y  increase or decrease inflitration 

(Vaicntin, 1994). Larger rock hgmnts  increasc innltration and d e r  rock hgrnents 

decreasc it (Brakensiek and Rawls; f 994, Vaientin, 1994). The relationship between 

rock fiagmnts and sealing depcnds on c h t i c  conditions (Valentin, 1994). In dry areas 

of West -a, Vaientin (1994) found that rock hgmtnts are cmbcdded in a vesicuiar 

seai and ihercfort gencrate heavy m o E  Convcrsely in wetter areas, fincr pvels  are 

mainiy fkce at the soil surface and favom infiltraton 

At the mesoplot sale (Le., lm? to lem2), the processes of overiand flow 

generation near the edge of the rock hgmmt and the continuity of overiand flow dong 

a hiii siopeate conmiicd by the rock hgmmt cover (Pocscn and Lavee, 1994). At this 

SC&, rock hgmcnts have ambivaht effects depending on the type of fine earth 



porosity, sail stuface dope, vertical position and size of rock .fragments and by the 

occmxence of horseshoe vortex erosion. As a constquence, the relationship between 

rock hgmcnt covcr and sedimnt yield is variabie depending on which of these factors is 

mst prominent (Poesen et al, 1994). If a very large proportion of the surface is 

covered with embedded rock .fragments, the protective efftct of the rock fragments 

ovemile the effects of fiow concentration (Poesen et al, 1994). As such it is important 

to distinguish between rock fragments at the surface and those below the slnface when 

discnssing their effects on hydrological processes (Poesen and Lavee, 1994). 

Soii erosion at the mm-scaie is a combination of processes taking place at the 

micro- and meso-scales as weii as subprocesses that occur in rills and gullies (Poesen et 

ai., 1994). In general, rock fragments at the sail surface have a negative effect on 

sediment yield and can be considered soi1 surface stabilizers. Stdiment yield at the 

rnacro-de is the result of the combinai subpmcesses taking place at the micro- and 

meso-scak. Thus, in the study arca, whether the effects of concretions on soil erosion is 

at the surface or below surface is tirne dependent, When the land is first opened for 

cultivation, concretions below the surface wili d u c e  innitration, thereby increasing 

mff and crosion. With tim, the concretions becom cxposeù and loose on the 

surface, shielding the soil surface h m  detachment by raindrop splash and runoff. 

23 Soi1 redistribution studies 

2.51 The '"Cs technique 

The I3'Cs tracer technique is an important devdopmnt in soii erosion studies 

kause  it attempts to overcom the limitation of previous soii erosion research methods. 

Martz and de Iong (1987) listai s o m  of the advantages of the '"CS technique as 

~ O ~ O W S :  

(1) The 13'Cs technique provides information on soii redistübution that is lincarly 

tirne-integrated, mcorporatiug flnctuatïons in crosion mtensty due to 

variations in raidi& wind and land nianagement practices, The direct 



me8Surenient studits arc generaly short-term (intensive) and thus do not 

a b w  for retruspective assessmtnt of msion rates. 

(2) ïmtaliation of eqnipmnt at the site of snidy is not requinxi for the L 3 7 ~ s  

technique and mcasurrmcnts cm be rakcn h m  a large n u m k  of sites in a 

rehthely short timt. 

(3) Tt evaIuates both soil loss and soii gain and, thus, @es estimates of net 

esosion The net msion estimates are process-integrated, rekting the 

comb'ied impact of ail soi1 redismhtion agents acting in the landscape, 

l"~esiurn is an artifkhi radionuclide with a haif life of about 30.2 pars, 

produced as a resuit of nuclear &ion. its presence in the soi1 is due to thermonuck 

weapon testhg during the 1950's and early 1960's (Ritchie and McHenry, 1990; Wailing 

and Quine, 1990 and 1995). WorId-wide deposition of the isotope occurred foiiowing 

its dispersion and rnovemnt by the gIobal amspheric circulation system The 

concentration of these isotopes in pmipitation depends on the qxdk meteorological 

conditions and the quantity of radioactive material present in the atmosphere (Wahg  

and Quine, 1995). Even though the reiatiomhip of '"Cs to niinfaIl varies in botù time 

and space, the overail annuai pattern of Miout is siniüar throughout the world 

( Inngm,~ (McCaiian) et ai., l983)+ 

The valve of 13'cs as a sedmunt tracer lies in its rapid and smng adsorption by 

soi1 particies, particularly the clay fraction (Rogowski and Tamura, 1970). Its subsequent 

tedistnbutiun is a direct consequences of msian, aansport and deposition of soi1 

partich o c c d g  during the pcriod cxtending fiom the main phase of aamsphmic 

deposition to the tim of sampling (Waüing and Quine, 1995). Cdtivation distniutes the 

cesinrn throughout the piough Iaycr. Where, however, soh are cssentially undis- 

as m the case of pcmianent pasturc and range- cesiPm is prefmntiaiiy concentrated 

ncar the smfact with disaibution showing an exponentiai dccrease with sol @th 

(Ritctiie anci McBemy, 1990). 



Assessrnent of 13'cs redistribntion is bascd on the cornparison of the mtasured 

inventories (total acUvity per mit am) at indivEdaal sampling points to an quivalent 

cstimate of the inventory cepmenthg the currmlative atmospheric failout at the site. The 

' 3 7 ~ s  concentration in cultivatcd soik cm be coqaicd with that of stabie unerodeci sob 

(de Jong et ai., 1982, Longmore ( M m )  et ai., 1983) to estimate soil erosion This 

method uses adjacent, d h u b d ,  non-eroded locations as control sites where the 

cumulative input or nfcience invcntory of L3'~s is cstabliSbCb Where ~amplc inventories 

are lower than the local reference inventory, losses of cesïum-labeied soil and therefore 

erosion i s  infe.rred. Sirriilarly, sample inventories in excess of the reference b e l s  are 

indicative of the deposition of cesiumiabeled soii (Walling and Quine, 1995). 

Qualitative assessrnent of sediment rtdisaibution is rhus derived kom the magnitude and 

direction of the masured deviation h m  the local reference level 

The estimation of soii erosion using % derived tÏom raàioactive mut has 

been extensiveiy appiîed in North Arnerica and Europe since its development in the early 

70s (Ritchie and McHcnry, 1990). In Canada, for example it has been successfuiiy 

applied in a variety of studics. A study by de Jong et aL (1982) demonsuateci the 

effectiveness of '"CS measutements in cstinuiting the amitmts of soii redisaibution in 

cuitivated iandscapes in Saskatchewan. 13'Cs concentrations in native grassianci showed 

Iittle variation within various hdfbnn segmnts, whems the redistribution of soil and 

"'CS aconly wcre pronounceci in wious W a p e  segments on dtivated sites. 

Suhsequent studics in Saskatchewan (Pcmock and de Jong, 1987; Martz and de Jong, 

1987; Sutherland et aL, 1991) have explorcd the relationship between landscape 

elements to extrapohte h m  point measurtments of soii Iosses or gains. In a number of 

soi1 qualiry studks (de Iong and Kachanoski, 1984, Pennock et al 1994 and 1994b), 

the '"CS technique has k e n  the moa powcnal tool «nplioycd 

The use of the cesimn method outside the North Aciierica and Europe has been 

Iinnted due to nnctrtamtics about the ucistcnce of meaSmable amoants (25-137 in thcse 



arcas (Waliing and Quine, 1995). Total falloat is greatcr in the northern hemisphcrt than 

in the southcrn hemisphere ((üNSCEAR,1982 in Sutherland and de Jong (1990)) 

kause more atmosphcric nuclcar ttsts took place in the northern hemisphere (Ritchie 

and McHemy, 1990). However, local evcnts such as the Chernobyl accident rnay have 

signühnt impact on regional fiilout (Bennett, 1994). 

Reports £iom New Zealand, China. Brazil, Zimbabwe, Mexico, Lesotho, Ghana 

and Niger have shown that the technique can be uscd in parts of the world outside the 

northern hemisphere (Quine et ai, 1994; Zhang et al., 1994; Bashcr et ai, 1995; Garcia- 

Oiiva et al., 1995; Abekoe, 1996; Chappeii et ai., 1998). In New Zeaiand, Basher et aL 

(1995) obtained valuts ranging h m  587 to 662 Bq rd, while Zhang et aL (1994) had 

1400 to 4000 Bq mz in China Values reported for the semi-arid region of West m a  

w m  higher. Abekoe (1996) reported values ranging fiom 690 to 2267 Bq m-' for 

Northm Ghana Chappell et aL (1998) reponed values ranging fiom 940 to 4129 Bq 

and estirnated the local refercnce inventory to be 2066 Bq mz for Niger. 

Although the use of magnetic susccptiiility as an crosion research tool is far iess 

developed than the '"CS technique, it has shown s o n  promise in ment research 

reports. Moreovcr the cost of purchase and ongoing maintenance of the measucement 

systcms is lcss than that for the '37Cs approach and it may be k t t a  suited to the research 

infirastnicture in developing couutries. The suitability of the technique in highly 

wcathered subtropical soik has not, however, bcen exaniined in detaii and the use of the 

technique in this study shoald bc viewed as a pnlùiimary duat ion  of its suitabiiity in 

these regions. 

Many soiIs exhibit enhanced IevcIs of secondary fcmmagnetic minerais 

(magnetitt,fmaghemite) in th& qper horizons, detectable h m  rneasurements of 

magnetic patatntters, notably magnetic sasceptibility (Muiüns, 1977; Dearhg et ai., 



1985). Magnetic susceptiity of a substance is defined as the ratio of the mgnetkation 

induceci in a sampk to the magnetic M d  indncing it. It describes the abiIity of the 

substance to magne& (Vadyunina and Babanin, 1972 ; Mullins, 1977) and can be 

expressed per unit sample mass (F i i  et ai., 1989). Ail substances are magneticaiiy 

active to some degree, Le., capabk of king magnetized in a magnetic field. 

A substance can be describeci as being diamagnetic, paramgnetic, f e g n e t i c ,  

fkmmagnetic or antiferromagnetic (Vaciyunina and Babanin, 1972). Ferro-and 

femniagnetic materiaIs exhibit the highest response to magnetic fie& whilst 

dimagnetics exhi'bit the least (McBride, 1986). Ferro- and ferrimgnetics have highly 

ordered magnetic materials that respond positively to the application of a magnetic field 

because ail atoms h e  up in the same direction or two out of three atoms iine up in one 

diredon while the third aligns in the opposite direction (Muliins, 1977; McBridc, 1986). 

On the other han& where altemate atom have oppositely directeci magnetic moments an 

ovedi cancellation of magnetism is produccd resulting in low magnetic properties. 

Mine& with that exhiiit this behavior are classfied as antiférromagnetics (Dearing et 

al., 1985). 

Magnctite, triaghemite and pynhotitt are exampics of fwrimagnetic minerais 

found in soils (Vaciyunina and Ba- 1972), with magnetic susccph'bility values of 4 to 
$ 3  t 10x10'm3kg", 4 to 4.5~10" rn%ggl, and 5x10- m kg- rcspextively (Muiiins, 1977). 

Lcpidocrocite, geothite, hematitc have highly ordemi magnetic materials, but exhibit low 

mgnetic pro-. IrpidoCt6Citt has magnetic susceptibility of 30 to 75xl0'rn~k~'~ 

whik goethite and hematite have vaiocs of 35 to 125 x10"rn'k~-~ ami 25 to 65x10' 

m3kg-' respcctively (Muiüns, 1977). 

Dianÿignetics and paramagnetics have less highly ordered magnetic materiais and 

as a remit they exhibit tMiporary rnagnetism - they lose their magnetic propenies in the 

absence of a magnetic field, Diamagnetics m the soii such as orthocIase, calcite, quartz, 

water, and organic matter possess zero magnetic moments with mgnetic snsceptibility 
-8 3 values below zero. For exampie, tbe niagmtic suscepti'biIity of water is -0.9~10 m kg1 



and that of quartz iP -0.61~10~rn~k~'. 'Iaeù picsence in the SOS reduces the mil's overali 

magnetic susceptibility. Paramagnetics have slightly higher positive susceptibility to 

magnetism than diamagnetics due to the presence of mgnetic moments in these 

substance (Vadyunina and Bab&, 1972; MuIlins, 1977). Clay mherals with transition 

min& in chen structure and organic substances with tmpaired electrons often exhibit 

this type of mgnetic behavior (McBride, 1986; Wiiiiams and Cooper, 1990), with 

mgnetic susceptibility ranghg bennto -2 to 15xl0~rn~k~-'. The common 

paramgnetic substances found in mils are muscovite and dobmite. 

The bedrock h m  which the parent material is derived provides aU the initial 

magnetic and non-magnetic mattrialS. Stdinrentary rocks have the Iowest values of 

magnetic sascepti'bility, and igneous rocks have the highest values (Munins, 1977; 

Brown, 1988). The range of magnetic s u s c e p t i i  values for metamorphic rocks is 

intcmiediate between sedimentary arid igneous rocks mompson and Morton, 1979). 

Soils âeveloped fmm igncous rocks may have iower magnetic suscepti'bilty than the 

parent mataial due to depletion of magnetic matcrial at the weathcring front (Fine and 

Singer, 1989) while rnetamorphic and sedimntaty rocks give rise to soils with enhanced 

suscepribilEty dative to the pannt mattrial (Vadyunina and Koutun, 1974). These 

diff;étences are relateci to the diffcrences in sizt, shape and cheniical composition of the 

soil developed h m  these rocks. The smaiier the grain size, the higher the magnetic 

susccpa'bility (MuIlllis, 1977). A small grain size p h k  such as clay will act as one 

stable single doniain with high magnetic susceptibiiity, whüe larger sized grains of sand 

will act as multidomain with low susceptibility (VadyPnina and Kautun, 1974). 

Sadimentary rocks produce soiis with high clay content whik mils h m  igneoas rocks 

are predominantly Sand Dearing et aL (1985) saggestcd mechamCa1 weathering as the 

mchammirespom%Ie for the rekase of mapetite into the silt and sand fraction, while 

cheniical weathcgng resuits in ik accamuiation of fmgnebcs  within the fher soi1 

htxions. 



Magnetic enhancement of surface mils can be attributcd to 1) atmospheric Mout 

of natural or industrially dcrivcd magnetic partich (Maher, 1986), 2) in situ conversion 

of weakly magnetic f o m  of uon oliides and hydroxides to strongly magnetic magnetite 

and maghemite (Muliim.1977; Thompson and OIdficld, 1986; Fine and Singtr,l989), 3) 

preferentiai accumuiation of inhuited rnagnctite and pedogenk f e  concretions (Fhe 

et al 1989) and 4) dilution of magnetic mmerals in the illuviai horizon with illuviateci 

nonmagnetic mimais. 

The continuous pedogenic dcvelopment of a mil profile in hornogenous parent 

material may be the most important source enhancement of magnetic suscepuiility and a 

graduai shift h m  multidomain to superparamagnetic and single domain magnetic States 

(Fine et ai., 1992). Fenkagnetic material, which is deriveci solely through pedogenesis, 

is mostly superparamagnetic and sin& doniain, whereas inherited magnetite are 

predominantly muitidomain grains (Fine et al, 1992). The degree of magnetic activity 

exhiiitcd by a mil sarnple dcpcnds on the magnetic propmies of its constituents. 

Constituents of importance are fcrrimagnctic niinerals such as magnetite and maghemite 

(Oades, 1963). These rrMerals are secondary ferrmiagnetics formeci through weathering 

and pedogenesis, thus soil hnriing and Iandseape geocherriical processes that favour the 

release and precipitation of iton are important conmls of magnetic susceptibility of mils 

(Schweruna~ and Taylor, 1989; Makr, 1986; Alekseycv et al. 1989; Singer and Fme, 

1989). 

Transformation of iron componnds cm nsulc firom oxidation-reduction cycIes, 

dehydration of lepidocrocite, and burning of hematite and goethite (Mulhs, 1977;, 

Maher, 1986). Altemate oxidation-reduction cycies associatecl with changes in soi1 

rnoisture favour the production of ferrimagnetics through the rnobilization, 

eransportation and precipitation of iron (See Section 2.2.2.4). The oxidation-reduction 

process depends on organic matter content ad hcterotrophic rnicroorganisms (Maher, 

1986). Organic matter and its decomposition praducts are highly effective in rnobilizing 

iron, regardes of soii type. Thc decomposition oforganic matter may enhance 

magnetic sasceptibility at the s o l  srrrface by itleasmg up to 3% of the tord soii iton. 



High organic matte. content and heterotrophk mkroorganisms near the surface m y  

promite formation of fcmnuiguctic miserais. Thus in aerobic mils, the bulk of magnetic 

s u s c e p h i  is associated with the Ah or Ap horizons where the reieased ferrous imn 

can lx reoxidized to its ferric form and resuitant mineral species. 

Buniing of vegetation (Tite and Mullins, 197 1) results in the transformation of 

wcakly magnetic materiais into fmimagnetics such as maghemite. The efnciency of 6re- 

iraduceci magnetic susceptiiïii~ depends on the mil iron content, soi1 organic rnatter 

content and fïre temperattue (Brown, 1988). Soils with the highest quantities of organic 

matter and total iron exhibit very high magnetic susceptiiility enhancement upon heating. 

The combustion of o r g e  compounds produces a rcducing atmosphere which leads to 

the transformation of weakiy magnetic iron oxides (weathering products) (Fine et ai., 

1989). Goethite and hemtite are convcrted to magnetite which may in tm be oxidize 

to maghemite when air enters the soii upon cooling (Mullins, 1977). Lepidocrocite can 

dehydrate directly to form maghemite. The magnetic susceptiiiiity enhancement due to 

burning is expresseci mst strongly in the top 1 to 2 cm (longworth et ai., 1979; Brown, 

1988) since the highest fite temperatures are obtained in the upper 1- to 2-cm depth as 

comparexi to the lower depths. 

23.33 Ust of magnefic suscepübü@ to stu@ soii processes 

The magnitude of magnetic susceptibïiity enhancemcnt at the surface and the 

depth of enhancement below the surface incrtase with soii age. Deviations fiom this 

expectcd and may be indicative of a discontinuity in the parent materiai which could be 

reiated to deposition of imported matcriai, erosion or pcrsistence of water logging 

(Wailing et al, 1979; Dearing et ai., 1986; Fme et al., 1992). 

The variation with depth of magnetic mincraiogy provides a qui& method for 

conelation between sediment sources. By marchg the magnetic propcrtics of 

scdimnts with those of the croded source niatcrials the sedimnt sources can be traced 

(Thompson et al, 1980). Since the dismbntion of magnetic characteristics within a mil 

envitonment reflects the variations in magnetic mineralogy of the transporteci materiai, 



changing crosion rates may a h  be exprcssed by magnetic variation within the iake 

stdimnts. Sandgrcn and FredkseBd (1991) used this teciinique in cornb'ition with 

poiien stratigraphy and carbon dating to documnt changes in Iake sedimenation due to 

man-induced erosion in S o u t h  Greenland. The niass magnetic susceptii'bility data 

reflected erosion events that were resuits of changing climatic conditions, vegetation and 

human activities. High values of mgnetic susceptibility in the lake sediments correlated 

with agricuiturai activities or deforestation chat sevcreIy degraded the land and produced 

intense eroslon. Low values of magnetic susceptitbiiity in the cores corresponded to 

periods of plant regeneration, reduced erosion, and milder climates. 

Most of the above studks were essentiaiiy scdiment source tracing. It is believed 

that the use of magnetic susceptiiility in mil erosion studies Lies in comparing the 

topsoil's magnetic susceptiiity with that of an unaoded soii and the subsoil Rovided 

that the topsoil matcrial is magneticaliy enhanced with respect to parent material the 

magnetic susceptibiiity of the srirface saii should be consistently lower in eroded 

Iandscapes than for non-erodcd soils devclopcd under the same conditions. Depression 

areas should exhibit higher than normai values of magnetic susceptibility at the surface 

due to deposition of mgnetically enhanced materials h m  upslope. However, as soii 

erosion continues, mgneticdy unenhanced subsoii materiai fiom upper slopes wiIl birry 

the magneticdly cnhanced soi1 in the deprcssion area (Brown, 1988; Dearhg et ai. 1986; 

OidfïeId et al. 1979). Brown (1988) used magnetic susceptibility to characterize 

landscape segments of chaparrai soils in Southcm California with regard to erosion 

pattern. He fouad that mils h w  m or@ niartes content and with low values of 

magnetic sascepti'biiity were typical of erodtd anas. Higher magnetic susceptitbility 

vaiues were associateci with mire highiy developcd soiis. 

It is important to note that the above assumption may not hold for soils with 

concretionary subsoil horizons such as chose found m che study area. in these soils, as 

nosion incrcascs the concretionary-B horizon wiii be exposed The iron concretions 

may have enhanced magnetic propcrtits, so that emded soils may have higher magnetic 

signals than uneroded soils. WalIing et ai. (1979) wanicd that becatm magnetic 



susceptiùiIity is related to fimirmgnetic matcriais, its use for the study of soi1 processes 

musc bt done with caution. The chwJPsoy of bon is very cornplex; it is easily 

transformai from one state to anothcr dependhg on the prevailing soi1 environnent 

(Shcmian and Kanchira, 1954; Walling et al, 1979; Schwerrmann and Taylor, 1989). 

Because of the sensitMty of iron species to environmntai conditions, the interpretation 

of magnetic patamem is subject to some degree of uncertainty (Oldfield, 1991). 

Walluig et aL (1979) advised that a weil-established relationship between iron 

and the specific environmentai-depositioad conditions is needed before nnal conclusions 

can be drawn on the efficiency of magnetic suscepa%ility as a long-term tracer for 

sediment movement. They emphasized that magnetic parameters can only provide a 

crude magnetic fingerprint of diffcrent types of sediments sources, because h n  

compounds are so easily üansforrned by changes in their environment. The sumival or 

persisteme of magnetic crystals in the fonn in whkh they were deposited is of extreme 

importance in th& use in geomorphologicai studks. 

2.6 Socioeconomic perspectives 

Sustainable agriculture rtquirts that efhtive land use planning shoulld involve 

identification of hmhg practices that are mil conscrving and understanding the 

sacmeconomic circumstances of the target famiers (Douglas, 1990). The decisions made 

by the land user on how the land is to h uscd and whether or not to adopt a specifïc 

reconnnendcd conservation practice (or to continue with a non- sustahabie practice) will 

primariiy be influenced by the sociocconomk cXrcumstances facing the farm household 

(Swift, 1997; Douglas, 1990). Bencc the security, viability, and espechUy the 

acccptabiiity aspects of sustainabk land rnanagemnt require at least a prelinPnary 

evahation of the sociaecononiic con- of the Ednners of the study region. 

The history of agncultrrral dcvelopmnt over the last severai decades conrain 

many exampies of faüm m adoption or continuai use of technologies that were judged 

scimtifically sound (Ahid  1995; Lai, 1987) becanse s o c h e c o n o ~  conditions of the 

farmrs were not taken into consinctation. Exampies are the faüures of water- 



managernt schemts in the inland vaky zones of West Afiica (Richards, 1983, 

minimum tillage practices in the same region (la[, f 987) and soir conservation projects in 

various couniries and the difficulties experknced mre recently in promoting the 

adoption of alley cropping (Dvorak, 1991). 

Rural poverty conaibutes more to dechions ùased on immediate needs rather 

than sustainable developrnent (Swift, 1997; Nsiah-Gyabaah, 1996) and it is hked to the 

d e r  national and international social political and economic issues. in order to set the 

scene for the study, it is important to understand the d e r  social, political and ecunomic 

context in which rurai poverty occurs. This section, therefore, looks at the international 

factors that led to rurai poverty and then briefly discuss the national agricultural 

economy of Ghana. 

2.6.1. lncorpomtion of sub-Sd0r0 Ajiica into the world economy 

The history of agriculture dcvelopment in subsaharan Afnca can be traced 

thtbugh three ciiffixent eras of poiitical dcvelopmnt: pre-colonial expon trade, colonial 

export economy and the post-coionial state devclopmcnt (Okai, 1992; Woodhouse, 

1995). These thm cras were characttriztd by various degrtes of commoditization of 

the basic elements of production, consumption, reproduction and incorporation of sub 

Saharan M c a  mto the worId economy @ixon, 1993; Bernstein, 199%; Okai, 1992). 

Associateci with each ent arc qe&c sochi, econornic and politicai objectives that have 

had an immense influence on the pattern of agricuiturai production and consequentiy 

Iand use in the region (Okai, 1992). As these changes occurred, the economic options 

avaiiable to the fàrmr changed. 

The prc-colonial change in agricuitarai production resuited ftom Emopean 

expansion This era was charaçtenztd by "gathering" of expon comdities such as 

timber and rubber as opposed to their caltivation (Bernstein, 1995a). Mer commercial 

crops (mch as oii p h )  w a c  mdntctIy dtivated by scieaise conservation of oii palm 

trees during land clcaring for food crop production. ûii palm trees then colonized the 



land diràng fahw regenmation. Cocoa cultivation fobwcd aiter the dedine of the oil 

palm indusay, 

Driting the colonial export economy, the production of raw materials to feed 

manafacturing indu& in Europe and America was pursucd This expon econorny 

iiiflned tiic pattern of production m S ~ b S a h a r a  Africa d y  through their labour 

requirements (Bernstein 1995b). The nuai areas functioned as labour reserves for the 

capitalisbc enterprises ieading to shortages of labour on th& own f m  especially at key 

moments in the agricdtural caiendar (Berastein, 1995b). The colonial ruie forced the 

rurai areas into labour resexves and cash cropping by increasing their requirement for 

cash through incrcased taxation and restriction on land use in some instances 

(Woodhouse, 1995). Incrcased taxation forceci the rurai famiers to work for cash 

iastead of workhg on their own h. In SubSaharan Afnca, these iabour shortages 

wtre more important than shortages of land because land was regulated by custornary 

tenure. 

The coIlPnefcialization of rural He in the coionhi economy through crop 

cultivation for export and iabour migration changed the exkithg f o m  of communal 

housthold organization in a variety of ways. Labour was sapplied not oniy CO the niinùlg 

industry, plantations and wfiitt settier kms, but aIso arcas of intensive ddopment  of 

peasant cash cropping, notabk in the flow of labour migrants h m  the Sahelian bdt of 

West m a  to the forest zone in the south (Okai, 1992). During this era, the pattern of 

dcveIopment was biased towards mban artas with ftw raikoads M g  to the 

production areas in the tiiaterJands. ïndustrialization was Iirnited to sorne agricultural 

pmcessing and very few consumer goods. 

Tfie era ofpeasant fanrriag and state deveiopment emetged after independence 

(Okai, 1992). Dissatisîkd with the pattern of devdoprnent m the colonial era, pst- 

hiependence plans atternpted to ditect the economy away fiom foreign capital and 

markets towards mcting national nctds and aspirations. Attempts were d e  to 

divers@ the narrow export-basai econorny, to u n d d e  industrialization, and to meet 



basic neais through provision of education, health and houring. However. the 

dependence on an exporc-based economy to support development programs resuited in 

the perpetuation of the colonial tendencies (Woodhouse, 1995). Some of the actions 

taken include "modernization" of agriculture through "packages" of new crops or crop 

varieties, fertiiizer, improved ctdtivation and management practices, credit, etc. (Okai, 

1992). But the bargaining power and r e m  of the d - s c a l e  farmer remained low 

because markets for inputs and outputs were controiied by the state through taxation and 

the control of prices and marketing. Frrnhermore, most of these development projects 

ignored the detaiied local knowledge of the farmen, and the standardized packages are 

often inappropriate for the variable and hgiie ecology of most of nuai Africa 

(Bernstein, 1995a). The relatively buoyant economy of the 1950s and 6ûs gave way to 

increasing problems in the 1970s and, hally, crisis in the 1980s (Barraclough, 1991). 

2.6.2 The agriEuUrrd economy of Ghuna 

Starting with a rclativcly high incorne per head at independence and with other 

economic and social advantagcs, the country went through a phase of stagnation and 

sharp decline in the 1960s and 1970s (Bcquelt, 1983; Hansen, 1987; FAO, 1991) as a 

result of inappropriate macro-cconomk policies, compounded by wcak overall economic 

management and a series of adverse extemal circumstances. Between 1980 and 1983, 

the situation in Ghana worsened as real GDP declincd at an average annual rate of 5%. 

At this tirne, the economy was charactetized by highiy overvalued local cunency, low 

producer priccs and excessive Governmnt controfs and participation in the economy 

(FAO, 1991). The adoption of the EconoITlic Rccovery Rogram (ERP) in 1983 

reversed the deciine in the economy. The introduction of mcro-econornic adjusunent 

measurcs ami prudent economic poiicOcs, inciudiug the ciraniatic devaIuation of the 

cturency, had positive resuits, Howevu, in 1990, the GDP growth fdi sharply and the 

Govaament's fiscai position also dcterhrated. 

The economk decline m 1990 was triggcrcd by stagnation of the agricultural 

sector, kit m food ami thm in cacoa production, Ghana is principaly an agricuicurai 



country with agricuiîure malring the higbcst contribution (55%) to the GDP and 

employing over 60% of the labour force (Benneh and Agyepong, 1990; FAO, 199i). As 

a resuit of adverse economic poücits of the 1970s and thc early 1980s, food crop and 

cash crop output declinai, which, combinai with an incrtasing population, resulted in a 

dccline in the per capita food production index h m  100 in 1974-1976 to 62 in 1983. 

The measnres dopted under the ERP have resulted in significant improvement in 

agricuiturai output, neverthcless, as growth in other sectors has been more rapid, 

agriculture's share of the GDP has Mien h m  55 8 in 1982 to 48% in 1990. In the 

past, cocoa contributed almost 30% of agicultural GDP, but this has declined to about 

9% at prescrit. 

According to Hansen (1987). the trend of agricuItural devebpment in Ghana 

provides a very interesting, though tragic, case for study because Ghana seerned to have 

many advantagcs ecologicaïly and socially as cornparcd to otha countries in the snb 

region. Ghana is noc an arid country iike Niger, Butkina Faso, Mali, Ethiopia, and 

Mamitania; nor had land bccn taken away from the rurai poor as was the case in Kenya, 

Algeria or Zimbabwe. There was no scttIcr agricuIturt like colonial Algeria, Kenya, 

Tunisia or Zimbabwe, nor plantation agricuitarc as in Marrritias, Carnemon, Cote d' 

Ivore or L i W  to iriterfêre with food production Multinational involvemnt in 

agriculture is relatively cecent and its impact is very ncgligiiie. In addition, Ghana is 

d t c d  as having a rciacively good cconomk and social inhtnicture and a large pool 

of trained mianpower. What thcn is tbc problem with Ghana's agriculniral economy?. 

Gbana's agricultural economy is k e d  on the "pasant modtl". Over 90% of 

food and agricdtmal production is in the bands of smaü fanncrs with average holding of 

not mire than two hectam. These farnius arc econornically and socially disadvantaged. 

Just Iikc in any o k  dcvtloping country, the smali fimers in Ghana live in povcrty. 

National economic poltcics adoptai ova  the years appcared to have mtensïfîed rural 

inequaiity and poverty (Bequeie, 1983). In the south, social differengation resuited h m  

ineqnality in the access to iand, whilt in the north, hquality in regional deveiopment 

was the major element Thest arc dected in the local pattern of population, migration, 



iand tenute systcm, community organization auci structure and basic infrastructure 

presented in the result section. 

2.63 P o v e q  and the rumipoor 

in northcrn Ghana, the majorhy of the population still lives in nuai arcas as 

rembers of smaii-scaie famiing households (or smaiiholders) that are ultirriately 

dependent on agriculture for thtir basic h e h o o d  Thus the potential of improving the 

food production lies in the devclupmcnt of the smallholder sector (Douglas, 1990). 

Conditions in rural areas often vary greatly between seasons and fiom one year to the 

next. Life for m y  entails a daily süuggk in which much energy and ingenuity is needed 

to sccure a iivelihood in the face of various crises (Bernstein, 1995a). 

The description of rural poverty is v c y  complcx. It cannot be describeci mexeiy 

by listing the symptoms or distinguishing between the rich and the poor as done by 

econoniist using measuns of land hoMing, Food mtake, or incorne (Dixon, 1993; 

Bernstein, 199Sb). Dixon (1993) argueù that poveny varies in depth, and that measures 

of land holding, food intake, or incom cm only enabie us to draw iines between the very 

poor and the not so poor, with nry htk understanding of what those differences mean 

to the people c o n c e d  To undersuuid poverty h m  the perspective of the rurai poor, 

descriptions shouid include th& survivai stnitegies (Dixon, 1993). Bernstein (1995a) 

argues that Chambrs (1974). w b  distmguisks five dimnsions or conditions of 

povertyldeprivation, descnibcd rpralpovt~ty bcst: 

1. lack of adequate incorne or assets to gemme incorne, that is povcrty in the sense 

used by World Bank and othcrs. 

2. physical wealaiess due to undcr-nutrition, sidtncss or disability, 

3. isolation physicaiiy and /or socially due to paiphcral location, lack of access to goocis 

and servicts, ignorance, illitaacy, 

4. vuinerability to any kgmd of cmttgcncy and contingency, and the risk of becomiag 

even poorer, and 

5. powerlessness within cnstmg social economic, political and cultural structures. 



While the first t k  confonn to conventional modcls of povwy expressed in 

mt8surabIt ph- indicarors, the latter two are not casy to masure (Bernstein, 

1995b). A comptttt description, therefore, shouId include access to land and fdmring 

impkments, to d t  and o h  resources; social relations with others who are rkher and 

more powerful; and empioyment, as weii as the processes that concentrate power and 

resourccs creating inequaiity in the society (Dixon, 1993). These processes operate at all 

scaies, b m  the international to locaL 

2.6.4 The economy of m d  householrls 

h r d i n g  to Hart (1986) r u a i  houscholds operate in an economy that is neither 

capitaiist nor socialist. He descnbed it as an "economy of affection" because it involves 

complex networks of support, communications and interactions among stmcturally 

d e h d  groups chat are connected by blood, kin and coIMIIIIiilty. The system relies on 

the sociai relations or relationship bctween pcopIe both within and bctween households 

and the physical and h m  resouIces that households conianand to secure hehoods 

and reprodace ( ( 3 r e k  1995). in this type of economy, the dynamics of the micro 

structure (intenial socio-economic conditions) are important because rnost households 

are uni& of consumption as w e l  as production (Crehan, 1995). 

internai socio-cconomic citcPmstanccs refer to those factors that are internai to 

the rurai households and over which its rnenmbcrs have s o n  control (Douglas, 1990). 

Allocation of ]and Iabour and capital arc alI intemal household decisions. The internai 

circainstances have a direct Hptm on the way indMduai households rnake use of the 

land rcsomes av- to thcm and will dctcfirrine tbeir nsponse to rcconnnendations 

for improved land use practices. These are d e s c n i  by: (1) the goals of the househoid, 

(2) social organkdon of the househoid, and (3) organization of the farm househoid 

econorny @ouglas, 1990). 

Douglas (1990) arguai tbat the first step m cvaIuating land use fiom tht 

pcrspactive of a rurai household is to de- tbe goals govcrning thtH h i  use 

dccisions. R d  h o ~ ~ e b k i s  have maItipIt go& and sd managemtnt is only one small 



component of a famicr's spcctnun of accMty. Adequate incorne and consumption, 

SCCUfity, independence and seif respect have ken identiüed as sorne of the important 

goals of the rurai household In making a decision, the famier combines his or her 

knowkdge and perceptions of soil-bascd constraints with an o v d  appraisal of the 

potentiah and Iirriitations to production in a &en year (Swift, 1997). 

Swift ( l m )  and Douglas (1990) suesseci that farmers are experts in risk 

rmniiriization so as to ensure food security. Thus ncw technoIogies, whether fertilizer or 

organic matter-promoting measutes that m y  maxiniizc yield will only be acceptai if they 

are consistent with both incornt and ri& avoidance objectives. Households will 

deiiberatdy exploit a range of enterprises so that should one fail, the production or cash 

incorne h m  another can sustain them at Ieast on a short-tenn basis. Crop diversikation 

with the use of drought &tant varietics of d-nt maturing periods, staggered 

pianting dates and niixed food crops with distinct agronomie requirernents and 

production periods hedge against severe Iosses h m  irreguIar rainfaii (Swift, 1997). 

StabiIity of yield across a range of seasans is more important than maxilnization of mean 

ykid. As a result, fanricrs wiii kquentIy rcject high y idhg  varieties if they yield less in 

poor scasons than traditional varkties as thcy cannot afford in any one year to drap 

below th& subsistcnce nquirenmts. 

The social orga-tion of the nrrai household has important implications for land 

use management in patticular with reganis to labour availability (Crehan, 1995; Douglas, 

1990). SrriaIüiokier Earniùig relies an labour Iargciy supplied by househoid m e m b  as 

the mst avaiiabie and flexible factor of production. FamiIy labour is not usuaüy 

ngarded as a production cos as mmks have to be sustaincd whether they work or 

not, but hired Iabour is considemi a drain on sace cash nsources and therefore is 

spatmgiy used. Consequcntly, tht amount of famiiy labour available will affect the 

amount of land chat can bt cuhivated and the tgncliness of the various hm operations 

such as phting and weeding (Woodhoase, 1995; Doagias, 1W). The organization of 

iabour within the household is an important factor det&g itr production actMties. 

There is often sigmficant sptcialization in agricalairal tasks, cntcrprises or even crops, 



among sex and age groups that must be taken into consideration when inuoducing 

improved land use practices (Crehan, 1995). Sex or age specialization in certain 

production activities within the household can cause each group to evaluate land use 

rccommendathns difiicrcntly in accord with their own set of incentives and constraints. 

The nrral household economy is organized around the various land use 

enterprises, and is u s d y  supplemnted by other incorn generating activitks such as 

trade and wage Iabour (Crehan, 1995). Specinc land use mtegies may strve spccific 

goals and thus it is important to understand the role cach plays wichin the household 

economy More targe~g  a particuiar land use cnterptise for improvemnt. This will 

determine whethcr the paflcular Iand use will help the housthold to bcttcr rneet its 

goals. For example, there will be little incentive for a househoki to increase the 

production of a low vdue stapk crop beyond the family's subsistence leveL if the 

current production practkes meet the farmers' subsistcnce need it is most unlikely that 

he or she wùi adopt improved practices. However, they may adopt improverrient, for 

example seed, that wiii permit them to obtain the s a m ~  *Id from a d e r  area with iess 

dort, thus thehg iand and labour for alternative enterprises @ouglas, 1990). W i t h  

the household economy cach sûatcgy is linked and has a d c p  of interdependencc with 

the other strategks in the systcm. This intcrdcpendence needs to be considemi in land 

use planning, because iî improvcratnts to ont land use cnccrptise adverseiy affects 

another it may be nJerrted by farmcts. Yid in each may not be mximkd but the 

combined production sava the nec& and goals of the househoki. 



3. MATERIALS AND METHODS 

There are two components to this study. One involved the characterization of the 

mils associateci with each of the farniing systerns to determine the systerns' &#:t on sail 

propertîes, and to identify soii properties that can be used as soii quaiity indicators. The 

second part is a study of the socio-econorriic conditions and attitudes of the farmers, 

which include th& indigenous knowledge and perspectives on soi1 conservation and land 

management. 

3.1 Research design for soi1 quality evaluation 

There are m y  approaches to evaluate soi1 quaiity (as discussed in the preceding 

chapter). The approach adopted for this study was to compare the soi1 quality conditions 

under typical agricultd practices to the conditions at an uncultivated site. This 

approach dows  the magnitude and direction of soii quality changes to bt asscssed by 

refance to the bascline conditions at the undistutbed site. It does not, however, aiiow a 

p i s e  masurement of the rate of change, which would onIy bt possiile under a design 

where distinct trtamients were imposeci on a landscape and monitored for several years. 

This type of undisturbed/dismrbed site design has been widely used in soil quality 

cvaluations and the assumptions that underlie it are clearly identified in the literature. 

Dyck and Cok (1994) argue that the two key assumptions are that 1) ail of the 

ecosystcms d e r  study were identical (or at least very sirriilar) at rime zero aiad have not 

bcen s e ~ e l y  affécted by biological factors since tirrie zero and 2) char the ciimate bas 

not changed and is sirriilar for ail the sites uscd in the cornparison. Assumption 2) can be 

met by sclecting sites in close prortiniity to each other, but meeting assumption 1) is far 

more difhdt as wiil k ciear clearughout this dissertation 



Sixteen farmers' fïeids in the village of Kogri in the Northeastem region of Ghana 

were sclected for the study. This viuage was chosen because it had a good 

representation of the landforms and siopes of major soi1 association (the Varempere 

association) in the study area (Adu, 1969). The Iand use and agridtural practices are 

typicaï of the region and, very importantiy, t h m  is a site that has never been cultivateci 

to be used as derence point. Most of the other accessible villages within the study area 

do not have an uncuitivated land nearby* 

The agricuitural practices involved p e m e n t  cultivation around the compound 

houses and shifting cultivation some kilometers away h m  the households. The 

pennancnt cultivation around the house is known IocaUy as compound farming and the 

shifting cultivation systems are known as bush fammig. A land Mow system is used to 

restore fatility in the bush f a m .  Detailed description of the farrxting systems is provided 

in the cbapter tfiat dcscribes the study arta. 

The treamnt units were compound farrn (designated as CF), active bush farrn 

(ABF), short-term fdiow (Sm and long-term îâiiow (LTF) and an uncultivateci site 

(UC). The W w  kids were grouped into the two classes to study the effcct of length of 

fallow on fcrtility regencration. Short-terni Wows are sites bat have been in fdiow for 

1-10 ycars. Long-tm fàiiows arc those sites that have been fallowed for more than 10 

years. In the second fieid season, a cornpourd rice fam (0 located at a Iower 

eievation in tht area of the conipourd tànns was added, priniarily to sce if it was acting 

as a depositionai site for the compound fàrm W. 

The originai cxpcrimental design was to sample five replicates of each matment 

(Le., cornpouad farms, active hsh  farnrs etc.). This design codd not be implemnted 

bccausc of the complex variation of the iandscape and miavailability of adapate Iand use 

history and ~cpltivated sitcs. Thtrefore, sixteen sites made ap of two compoand hm, 

sewen bash fanns, three short-mm Eallows, two long-tm Mows, one nncultivated site 

and a vaiiey rice fann, were sampled. These sites were dism'buted within 6ve aansects 



and attempts were then d e  to stratify these sites according to landscape position. AU 

sites except the compod farm sites wcn situated about 6 to 10 km from the 

compounds. 

3 3  Field measummemts and soi1 sampling 

Eight of the nclds (UC, ABF1, ABFZ, ABF3, STFI, LTFI, CFl, and CF2) were 

sampled in the summer of 1996 and the rernaining eight sites (STF2, STF3, LTF2, 

ABF4, ABFS, ABF6, ABF7, and CRF) were sampled in the surrnier of 1997. In order 

to trace the rnovernent of %s, rmst of the sites selected for the second season sampling 

were locatcd in bw-lying areas. At bath times, sampling was done in June and July at 

the beginning of the growing season. 

A rnagnetic compas was used to set up a 5- by-7 grid on the uncultivated site 

and long-term fallow, whiie a 5- by-5 grid was set up on the remaining klds. The grid 

spacing for aü the sites was 25 m More points w e n  taken in the uncuitivated and the 

50-year failow sites because ody one of cach type of site exists in the study village. For 

the eight sites sampIed in 1996, an Abney level was used to coiiect topographic 

information h m  the gxjâ points in order to evaluate within fieid variability. For the 

1997 fields sampied, the grid point topographic data wert not collectcd since the results 

h m  the 1996 field season showed that elcvation ditilcrences within the fields were small. 

3.2.2 So8 p/iic &seriplion and soi1 sampling 

On the two reference sites (UC and LTFI), 12 grid points were descri'bed and 

sampled; on the cdtivatcd sites aine points were used. Point sampiing and descriptions 

were donc to study within-kld variability. In the tïrst fieid season, soii samples were 

coilected at five depths (0-5,s-10,lO-15,15-20,2025 cm) where possible. These 

samphg depths were nsed because then was Iiniitcd information on the properties 

d e r  snidy. Based on the rcsuits of the 19% neid swson, soil samples were coilecteù 

at oniy two deph (0-10,10-U1 cm) daring the second k i d  scason. At each depth, two 



sampling procedures were used. (a) core sampling for bulk density analysis and (b) bulk 

sampling ,which involveci taking fke composite core samples. From sorne of the central 

pits, soil samples were taken to the depth of 150 cm to study vertical variation in soii 

propertics- 

A central profile pit was dug on each fkld and nsed for general description of soii 

in the ficici Soil description was done using the FAO/ISRIC (1990) guidelines for soi1 

description. Paramters describeci include soil colour, t exm.  structure, consistency, 

plasticity, A-horizon tkkness, drainageJmottling, depth to concretion, and depth to 

hardeneci plinthite. Soil colour was describeci using a MunseU colour chart. 

Because the traditional shihing cultivation practised in the study area depends on 

naturai regeneration of fertility through fallows, the rate of vegetation regeneration was 

studied. Vegetation count was c d  out dong a transect across each &Id using a 1 m 

by 1 m qaadrat thrown at 10 m intervaL At each sampling point, the vegetation type and 

number were recordecl. The hquency of occurrence of individuai species and density of 

occmrcnce were determined. Frequency d t s c n i  the number of quadrats in which each 

spccies was prcsent diMded by the total number of quadrats thrown [occunence per 

n u m k  of quadrats). It is expresscd as a decimal M o n  or percentage. Density is the 

number of individuals of that species per unit area (nmber of individual plant species per 

unit ma). The relative frquency (fhquency per total numbcr of specinc vegetation 

type) and relative density (numbcr of individuai spocits per total namber of qeak 

vegetation type) were also calcuiattd. Relative kquency describes the spread of spccies 

and relative density de sc r i i  dominant species. 

This aspect of the work was done with the assistance of experts h m  the 

Institute of Renewabk Natural Resources of the University of Science and Technology, 

Kumasi, Ghana (now known as Kwamt Niauma University of Science and Technology, 

Kmadi.  



33.i Soil samplc prepamfion and &tenninaîion of m e n t  concretions 

The mil sampIes were air-dried, weighed, and the aggregates were broken using 

mortar and pestle, taking care not to cmsh the concretions. Large concretions were 

hand picked and the mil with smaUer concretions was passed through a 2 m mesh sieve 

to separate concretions fiom soi1 fines. The concretions were weighed and the 

percentage of concretions in each sarnpie was calcuiated on air-dry weight b a h .  The 

soii fines (c 2mm fiaction) were stored for M e r  analyses. 

33.2 Partick s b  andjwis and bu& &ns@ andpsis 

Particle size anaiysis was done on the soil fines follawing the mdiûed pipette 

procedure of Morante et al. (1990). Bnlk density of whole-soi1 (uncorrecteci) was 

dct&cd by taking core sampks and wcigbing to record the total wcight. A sub 

sample was oven-dried and the sail moisture content and ovendrkd sample weight 

calcuiated. Eulk density was calculateci by dividùig the dry weight by sampie volum. 

The sample volume was deriveci h m  the dimnsions of thc core sampier. 

The balk dcnsity values obtaimd wen correctcd for the prtstnce of concretions 

following the procedure outhcd by Vincent and Chadwick (1994). Table 3.1 shows the 

parametas requind for the correction. Most of the soi1 sampIes, especiaily those taken 

h m  sites on appcr dope, containcd iarge amounts of Fe concretions. For soih 

containhg niany coarse ftagmtnts balk density measuremnt is problematic because 

resuits vary sigdbmtIy with sample volmne, and whoie-mil density may differ 

appnciably h m  the baDF dcnsity of fine earth (soil with aii hgmcnts >2mm removed) 

(Soil Smey Staff* 1994). According to Vincent and Chadwick (1994). to accurately 

determine the brilk density of these types of soils, iarge simple volames are requirtd. 

B t c a ~ s t  large sample volums have practicai limitations, ttaey presented an aitemative 

approach th dctarrgncs ùuik de* fmm rmdest-sized saqles and comas for the 



presence of rock hgment using mass-size dktrihtion h m  large (> 40 kg) 

represcntative disturbed samples, and rock hgment bulk densities. 

Total mass of con-sampk (MT') was the mas of mil taken fiom the ttuilc densiry 

con. The volume of sample (VT) is volume of the con sampler (98.12 cm3). Since the 

percentage of concretions in the buik soil samples was lcnown (section 3.3.1). the mass 

of concretion (M>2) was calculated fiom total mus (MT) and percent concretion, The 

mass of fines (Md) was determined by difference between total mass of the core-sample 

and mass of concretions (M>2), The bulk density of the concretions @d2) was 

calculated following the procedm ia section 3.3.3. 

Table 3.1 Parameters nquired for corrccting whoie-soil balk density for concrctions. 

Paramter Symbol Units 
Total mass of core-sample MT g 
Mass of concretion (> 2 mm) W 2  g 
Mass of fines (Q mm) Mc2 g 
Volurne of sample VT cm3 
3 cm-3 

Using these values, the correction procetdcd as folIows: 

1) Bulk volumt of concretion (Vbk>2) was àetertmned h m  nÿiss of concretion 

(M.>2) and bulk density of concretions m 2 ) :  

V b 2  = M W  Dp2 [3. la] 

2) Buik volume of fines (VbkQ) detumhed by the diffttence between the totd 

voiume of core-sample 0 and buik volum of concretions Wk>2): 

VùkQ = VT-Vbk> 2 [3. lb] 

3) Finaiiy, buik density of the fines @bQ) was detcrrriined h m  mass of fines 

(MQ) and buik voIume of fines (VbkQ) as foilows: 



nit vaiue D W  is the bulk density of the fines corrected for the infiucnce of concretions. 

Because analys~s were only performcd on the fine h t i o n ,  this bulk density value was 

uscd for subsequent calcuiations. 

3.3.3 Dcteminuîion of bu& dense and pomsily of the concretions 

The bulk dmsity of the concretions was determined by a modincation of the 

mthod d e s c r i i  by Curie (1966). Concretions were washed to remove all soi1 p&ks 

and then saturated with water. The saturation with water was done by placing the 

concretions in a beaker of water that was thcn piaced in an evacuating dessicator to 

which vacuum was appIied for 30 minutes. After evacuation, the excess water was 

drained off and the concretions were &errecl to 250 mL cylindcr with a known 

volume of water. Volume of the concretions was detennined by the amount of watcr 

displaced. The saturated concretions were poured ont0 a filter papa to drain excess 

water and weighed after which they were oven-dried and the oven-dry weight taken. 

Since water evaporates very rapidiy, the operations from the desiccator to the weighing 

of satmated sarnples were done rapidiy so as to avoid air re-entering their pores. The 

porosity and density were calcuiated using the foiiowing equations: 

a) Total porosity = w,, -w, 
v, 

Wd b) Bulk density of concretions = - 
vpll 

whcrc Wm is weight of saturated concretions (g), Wd is weight of oven-cirieci 

concretions (g) and V, is volume of saturated c o n d o n s  (cm?. 

Cesinml37 redistnition was measunxi on the balk soii by gamma 

spectroscopy. Soii sampks were put in 1-L Marineiii beakers for eqrElEbration and 

phceci over a high-purity coaxiai germanium crystal enclosed in a Lucite-lin& IO-cm 



thick lcad castle connccted to a Canbeua Seties 35 Plus Muiti-channe1 analyzer (MCA). 

Clximml37 actMty concentrations per unit mas (Bequereis kibgnir. 'l (Bq kg*')) 

were detennined by counting the 662 keV gamma eiriissions benveen 2 to 21 hrs per 

Anal activity (Bq m.') of a sarnpie w u  caicuiated as fobws: 

where Cs is areai activity (Bq for the spinpie, Cs, is the cesium concentration (Bq 

kgT'). BD is the buk density (kg m.') and SD is s a m p â g  depth (m). AU sampls from a 

given point are summed to pmvide the total invcntory for that point. 

Tht amount of cesium in the uncuitivated site was nsed as a basehe and 

compared with the cesium in soils at other sites. The redisanbution of "'CS at each site 

was calculateci as a proportion of the input vaiue as follows (Wailing and HeJ999): 

1) The pcrcentage duction in the total lnCs invcntory for each point was 

calculated as: 

in CS, = ( V s 4  Jncs,) 
137 XI00 

Cs, 

137 whcre ln& is the pentage duction in totai ' 3 ' ~  imcntory, is the '"CS 

picscnt at the cuitivaad sampiing point, and ln& is man vaiue of ')'Ch for the native 

sites. 

2) The linear proportional mode1 was uscd to cunvert the percentage reduction 

m '37C.s inventory to rates of soi1 msion: 



w h m  E is the average pasion or deposition rate (t ha*' yi'), is the preenrage 

reduction in total '"CS inventory, BD is the bulk density of soi1 fuus (kg fi3). DI is the 

depth mc~cment containing '"CS (m), and T is the tirne between sampling and beginning 

of falIoat (T = 33 yrs). This tirne fcam was adopted for uniformity, because of the 

uncertainty surrounding cultivation history of the sites. 

W a h g  and Quine (1990) dtscritied the Iixnitations of the proporcional method, 

particular1y d t i n g  to the accumuluion of "CS at the soi1 surface between cultivation 

phases, and suggested it may ovuestiniatc rates of erosion 

Magnetic susceptibility rneasurernents were carried out on approlcimately 10 g of 

each sample placed in a 4 dram clear plastic viai (2.3 cm diameter by 5 cm high) to 

obtain a near optimum fil. Studies have shown that magnetic susceptibility was 

dependent on height and that a rriaximum value is at a till height of about 20 mm (Senft, 

1990). Thc Bartington Dual Frequency mgnetic susccptibility meter (Bartington 

Instniments) was used for the measurcments at both low (0.47 Wz} ad high (4.7 kHz) 

frequencies for aI1 sampbs to detemine buth magnetic suscepti'bility (X) and fiequency 

dependence of the magnetic susceptiiüity Xld. Blank instniment readings were taken 

pnor to and after two consecutive mcasurements were taken on each sample to account 

for any themial drift encorntercd by the instrument. 

The percent l o s  of mgnetic susccptibility (%X,) with a ten-fold incrcase in 

the fceqnency and absolute ikpcacy dqmdcnce magnetic susceptiity was calculateci 

directly h m  average values of ( X )  at both high and Iow values using the foliowing 

The absoiute hquency dependence mgnetic susceptibüity was calculateci by using low 

fhquency (X) values correctcd for Mght and the ( % X f d )  of the sampk. Anaiysis was 

done on b. A fkw of the concretions wcrc anaiyzed separately for cornparison. 



Soii pH and electricai conductMty (EC) were dctemrined using a 12 soikwater 

ratio. The sampics wcre stirred to ensme compkte soii watcr contact and allowcd to 

settle beforc masurement. Sarnpk pH was masmcd with a Fisher Acuret Model 805 

MP pH meter. EC was rneasured with YS1 Model 32 cortductivity meter. 

Basic cations (Ca, Mg, K, Na) and a& cation (Al) were extracted using 

unbuffered 1.0 M N'&Ci @H7) and effective cation exchange capacity (ECEC) was 

calculated by summation of basic and acidic cations. Given the mils' pH and the 

negiigiile values obtained for Ai, it was assumd that R' ions were not present in 

s e i c n t  amunts on the exchange complcx to lead to serious underestimation of the 

base saturation of the soii and therefore, were not masureâ. Atomic absorption 

spectrophotomeuy (AM) was used to measure Ca, Mg, Mn and Al in the 1.0 M NH.Q 

extracts and extractable Na and K w m  measured by hm photometry. Oxalate 

extractabic Fe (Feo) was detcmiined by the photocheniicalwtaaction procedure outlined 

by McKeague and Day (1966) and dithionitc-ciuate eactablc  Fe (Fed) was by the 

mthod of Metira and Jacksan (1960). 

Total N and P wem extractcd by H#04-H2& digestion d e s c r i l  by Thomas et 

ai. (1967). Phosphorus in the digest was mcasund by colorimetry. Total N was read 

using glycine as standard on the autoanalyser. 

Total C was rneasand by the Leco CR 12 Carbon Determinator at llOO°C and 

organic C was dtterrnined at 84% using the same tqmpment, Inorganic C was taken as 

the diffaence bcnveen totai C ad organic C. SOC was convertcd to Mg ha'  by 

mdtiplying the organic C with the balk dcnsity of the fine soii and sampling depth. 

3.3.7 Pmcéjca've r tWnslCips for emsion indirced change in SOC wüh time 

The tcmporalrelationship bctwccn soil erosion ami SOC was predicted using a 

modeling approach (Kachanoski and Mon& 1984; Kachanoski, L993). A mode1 was 

devclopcd tbaî pndicts the amount of SOC tmiairrnig m thc soil as a fPnction of t h  



and crosion rate. Soii loss was calcuiattd h m  changes in soil '"CS over tinie and the 

mode1 accounts for SOC additions h m  the subsod. The mdel developsd for esthating 

soil loss h m  changes in sol '"CS over tirne a s s d  that 13'cs was concentrated in the 

O- to 15-cm layer of mil with no additions h m  the subsoil over tirm. This assurrnption 

is not true hr SOC. ïhis procedute viewed changes in SOC conceptualiy as a set of 

transférs within the soil column and between diffant parts of the iandscape (Pennock et 

ai., 1994). in sites where soii bss is occrzrring, SOC-depleted subsoil is progressively 

mixeci into the upper iayers as sol  is removed from the surface. In the depositional sites, 

aggraàation of the soil surface occurs and the organically enriched portions of the soil 

colurnn increase with tirne. 

Let T,, = total mass of SOC (g mZ) present in the plow layer soii at the tirne of 

initial masurements or estimate. The amount of SOC present after 1 yr. of erosion TI 

can be estimated firom 

whcre E is the annual enision rate (kg m-2); M is the spccific soi1 rriass of the plow layer 

in which SOC was measured (kg niz); and R is the ratio of the SOC concentration in the 

eroding sediment to that in the plow laycr. Cg is the concentration of SOC (g kg-') in the 

subsoii iuided into the plow layer. The niass of soii 109 h m  the topsoil is qua1 to mass 

of soil incorporateci h m  the sabsoii, bat concentration of SOC in the subsoii is Iowa 

Equation 3.Sa assumes that the concentration of SOC remained constant daring year 1 

and was quai to TdM, If at the end of year 1 the remaining SOC (TI) and subsol SOC 

was mixed into the sam mas of soil by tiiiage (tiiiage dilution), it wouId foliow that at 

the end of year 2: 



Equation 3 . 5 ~  assumes that concentration of SOC m year 2 was constant and equal to 

TI/M. Substimting Eq. 3.5a into Eq. 3.5~ gives 

Recognising that the same procedure can be continued for n years of soi1 loss gives 

The fmt part of equation [Se], ( To [l-m" ) gives the average annual loss of 

SOC (g m-*) due CO erosion as a iunction of tirne. The second part t ECB [~-EwM]"-' 

............ + ECB [l-ER/M)"") provides an estimate of SOC additions from the subsoil 

The foIlowing assumptions d e  were: (1) the rate of msion wonid bc constant 

oves the ytars; (2) the bulk densitics would also be constant; (3) and the depth of soil 

Iost fiorn the s d c e  would qua1 to the depth of soil rrrixed in h m  submil Externai 

inputs wouid be zero. 

3.4 Socioeconomic study 

The sptcific objectives of the socioecononiic study are : (1) to coiiect 

background infomtion on the econornk and social setting of the study a m  (3 to 

study the indigenous knowledge of famicrs regardhg soi1 quality and land degradaaon, 

and (3) to undcrstand the f a r d  perspective on production risk and strategies they 

adopt to deai with some of these problems. 

Farmers' iand use decisions dcpend on many factors and characteristics. 

Prominent among thest factors are social and econoniic factors (Stonehouse, 1994) 

which are nndcr the infiuence of the widct institutional factors. Institutional factors 

mclude govcrnmtnt policies and programs, education and extension infriisaucture, and 

the macrostnictart chuacteristic of the agricultnre industry. Having regards to the 

complexity of the issues mvohred, a combination of mthods that have been extensively 

ernpioyed tlsewhere (Norman et al, 1983; Carnithers and Chambers, 1985; Singleton et 

al, 1993) was used The data colkction mcthods mciude (a) iimame search and 



coktion of data ftom govcniment ofSces, (b) informal suwey, and (c) household 

interviews. The literature search and govcmrnent documents provided background 

information on the study region. The informai survey coiiected information on the 

people and the microenvironment. The houschold interviews were conducted to coiiect 

specific information on land use and resource management. 

The informai swey involved intmiews with farmcrs, extension offices, local 

scientists and policy makers for information on local and regional variables rhat affect 

farmers' land use decisions. The interview involved discussions with the foiiowing: 

ï) Deputy Director of Extension Services Depanment 

ü) The Agricuitural Station Manager at Manga Savanna Agriculniml Research 

ïnstitute (SARI). 

bi Regional and District Agricdtiiral Extension and b p  SeMces Olficers 

iv) The foiiowing members of Ku@ village and neighbouring villages: a) The 

Chief of the village, b) The Spirituai Lcadcr of the village, c) The AssembIymen who are 

political Wérs (pst and prescrit) and d) Ten hooseholds that were selected by the 

Chief. Tiie scktion was based on age of the household head Since 1 was interesteci in 

land use history, the Chief selected househoids with okier heads. In each household, the 

head, his *es, his siiiings and somt of his chikiren were interview& Fanriers h m  

other conrmanitics were casuaiiy htcMcwed where possible. 

Questions were asked concerning community organization and structure, 

organization and econorny of the household, land ownership and tenare, iand use (crop 

and hestock system), land degradation, the mie of womn in the system, nutrition of the 

farm -y, popuiation growth, off-fann actMties, access to credit and agriEPlnrral 

support semices This infornial m e y  was Pscfnl in cstablishing a rapport with the local 

people. Throngh informai discnssians with community leaders and the people, it was 

possible to have a gcnerai ovcMew of the microenvironment and to understand some of 

the k straghtforward, less t c c W  but nanetheiess important socio-cultural issues of 



relevarice to achievmg the research objectives. It also provided a background on which 

the household intervitws were based. 

3.4.2 Household iniewikws 

A questionnaire checklist/guideiine (Appcndix C) was designed with the 

participation of faculty in the Departmenu of Sociology and Soi1 Science at the 

University of Saskatchewan. The design of the questionnaire foiiowed the minimum 

socioeconomic smvey approach (Moran, 1989). A final review was carrieci out in Ghana 

with the experts in the Extension Service Deparunent of the Ministry of Food and 

Agriculture, At the finai review session it becam apparent that the questionnaire was 

too long for pracdcal purposes. On advice fiom the experts in the Extension Services 

Department of the Ministry of Food and Agiculture in Ghana, the questionnaire was 

broken into three sets for ease of adrmnistra . . tion. Part one, which covers questions on 

demographic characteristics, was the same for al1 three sets. The first set of questions in 

Part two contained questions on farming practices, land and land avaüability ( to be 

referred to as famhg practice). The second set of questions in Part two covered 

agricultural services, hancial murces and marketing (to be r e f e d  to as agricultural 

senrices). The thord set of questions covered problems encountered in f a h g  and 

strategis adopted in solving them (referred to as conservation strategies). 

The interviews were conductd in Kugri village (the main study village) and nine 

other scttkm~nts in the Bawku district with the assistance of the neld staff fkom the 

Extension Services Deparemcnt of the district. Due to the Ilispersed nature of compound 

households arsd the lack of systemtic numbering of compound farm houses, a smctiy 

suatitïed or ciuster samphg technique couid not be empioyed. Besides Kugri, the 

mterviews wert conducted m the foiïowing settlements: Kaka, ICpikpira, Bugwia, Atuba, 

Basyonde, Gam, Manga, Pusiga and Bindnri 

Within each village, eightecn households were Sntcrvitwtd; s k  answcred the set 

of questions on famiing practice, amther sDr answcrcd the set of questions on 

agricdtiwl services, and the last gronp of six ammered the set of questions on 



conservation strategies. It shouid be noted that aii the groups answered questions on 

demogtaphic characteristics (Le., Part One of the questionnaire). This number was 

considered the maximum that could be e&xtively handled within the research budget 

and the. 

No systematic sampling technique was used to select the households to be 

interviewed but only househokis that consented to be intervieweci were visited. The 

focus of the interview and the unit of analysis was the 'household' mainly because it is 

the primary unit of production, consumption and social interaction. In order to 

understand the decision-making processes of comrnunities and households, the 

interviews wue conducted with the household head or his wife and in a few cases with 

another mmber of the househoid acting as his representative. 

3.5 Met hodological weaknesses and limi tafitons 

3.5.1 Limitrrtions and wea&ness of the soil chmrurterization component 

The major limitation of the research design for this study is the assumption that 

aii sites must have a siniilar range of mil conditions prior to the disturbance (Le., 

initiation of agricuiture in this ana). This is the key assumption that aiiows the cultivated 

sites to be cornparcd to the undistrirticd site. in the course of the field investigations it 

becam apparent that a considtrabet range of mil conditions occurred in the study ma, 

and that the nature of the mil-landfiirm relationship were complex. The attempt to group 

the samplcd sites into meaningibi pcdobgAal(landform groups became a major f o m  of 

the subsequent work, whrch is discusscd in Chaptcr 5. Arguably a much mon compiete 

pedological - landform smey shodd have been completed prior to the sail quality 

sampling. The compiexity of the mil-landscape relationships only became apparent 

daring the course of &Id sampling and hence couid not have been anticipated at the tim 

of initiai research design. 

In ternis of Iaboratory analysis, a decision was made to focus on the fine fiaction 

of the soii, rathcr than the concretions and reiated hm, although in some cases the 



contrerions wac analyzed separately hr mcomparison. Focushg on the 6nes in this snidy 

was based on the understanding that most of the r d y  availabie phnt nutrients were 

concentratcd in the soil fines, wkich are more readily bst by erosion. This approach was 

adopted because the study is focnssed on examiMng the e f f i t  of erosion as one of the 

pn>cessts tbat degrades soiI quality. Large-sized particles such as rock fragmtnts and Fe- 

concretions arc neither eady dctached nor uansported (Poesen et ai., 1994). As a 

result, particle s h  separation takes place w k n  soil material is croded by water (Potsen 

and Savat, 1980; Lai, 1976b). Fme particles arc movcd out of the system ieaving a 

coarse lag b e W  The soii nutrients and exchange sites are concentrated in the soi1 

organic matter and clay h t ions ,  which are associated with the fine h a i o n  (Lai, 

1976b). 

It is important to note that the coarse h g  is also an active h c a o n  especially in 

adsorbing plant nutrients. Phosphorus is one of the important nutrients adsorbed by the 

marse lag which contains high amounts compared to the soiis fines (Owusu-Bennoah 

and Aquaye, 1989; Tiessen, 1991; Abekoc, 1946). Abekoe (1996) reported two to eight 

tims higher total P in nodules than mil hes. However, the soii fines had more labile P 

thm the comtions. Most of the total P f o u i  in the concretions was in nsistant forms 

and the short-term availability of the adsorbed nutrients to p h t  is not c1eady 

maderstood. Thus concretions were considered to be less active in plant nutrienc supply. 

This assumption may be an important limitation to the study especialy for the results 

obtained for the total P analysis. 

Households do not aiways share common goals or  strattgies. Household 

members hquently have a high dcgree of individuai conml over the income and 

anritonmental resomces at their âisposai and many connictmg econonric strategies 

(Barlttt, 1W). Husbands, wives, childrni, and othcr aduits in the household can be 

expected to di& in theit opinions abut situations. Intemkwing househoid heads or 

th& wift ignoreci mach of this viuiabihty. 



The arrangcmnt whereby the second part of the questionnaire was split into 

thrte sets and each set was answered by different groups of respondents limits the extent 

to which the data can be analyzed quantitatively. Since the three different sets of 

questions were answered by thee diffuent sets respondents, cross-tabulation of 

variables can only be done within sets, but not between sets. 

The lack of a systematic sampling approach could introduce a bias, as those 

willing households m y  not be representative of the entire population. Most often, these 

people are the most articulate in the society. People vary in their ability to articulate 

their culture in g e m  and their personal decisions in particuIar. The most articulate are 

not necessarily the most representative of a group (Barlett, 1990). 

Since the study is essentially for background information collection, these 

limitations are not expected to affect thc validity of the data cokcted. Furthermore the 

use of data from other sources is expected to help overcome these limitations. 

3.6 Data p M n g  

RockWare mapping software (RockWare, 1994) was used to create Digital 

Elevation Models (DEMs) for the sites from the survey data The socio-economic data 

were exanrind using kquency distributions, cross-tabuIations and chi-squared test 

using SPSS statistic software package (SPSS, 1993). 

The laboratory data were analpxi  using descriptive statistics, exploratory data 

analysis and correlation analysis techniques. This statistid mdysb was conducted using 

SPSS software (SPSS, 1993). The majority of analyses simply uuriiized box and whisker 

plots. A box and whisker pbt is a sirnpk diagram that describes the distribution of an 

entire data set. The box or intnqaartilt rmgc nprc~cnts the absdute value of the 

dBzmce bttwtcn the valm of the 25" pcrccntiIe aod the 75' percent.. The upper 

and lower whiskem or h c e s  extend to vaIncs, which represent 1.5 times the spread 

fiom the median to the comsponding edge of the box. Data points outside these values 

are considered outliers and arc plotted as individual paints. Other statistical analysis 



techniques inclade correlation anaiysis, and diifaence testing. Significance level of O. 1 

was uscd for most of the anaiyses. 



4. SOCIOECONOMIC CONDlTIONS IN THE STUDY AREA AND FARMERS' 

INDICENOUS KNOWLEDGE AND PERCEPTIONS 

The problem of land degradation and soil fertility l o s  in most developing 

countries cm be iinked directly or indircctly to the socioeconomic conditions of the 

farmer. At the core of the social issues is rural poverty as caused by rapid population 

growth, insecurity of land tenure, poor agricultural policy, and lack of access to 

information (Swift, 1997; Ait- 1995; Bernstein, 199%; Dixon, 1993; IFAD, 1992; 

Cook and Gmt, 1989). For example, rapid population growth leads to agricultd 

expansion into marginal lands and shortcning of fhiiow periods (IFAD, 1992), resulting 

in rapid land degradation. The poor are almost cornpletely dependent on the natural 

resource base for their basic necds; these nsources are diminishing at a rapid rate, rhus 

threatening increased poverty. 

To evaluatc soil quality h m  the perspectives of d farmexs à is important to 

identify the socioeconomic conditions undcr which they are operating. The famen' 

production constrainfi and capabilities mst bc well urtdastood in orda to develop 

appropriate technologies that arc acceptabk to the fatmers (Douglas, 1990). It is also 

necessary to gain the local peopk's perception of what is happening to the micro- 

environment bccausc it is at this kvcl that hitfitl causai expianations rnay lie mgne,  

1990). Mortovu, achieviug co-opaation and local participation in land conml ami 

retiabiiitation requHcs the study and andysis of local people's bcliefs, knowiedge, 

intaests and perceptions of the environment and m u r c e s  (Douglas, 1990). The intent 

of tbis section is to move away h m  the classic exphnation for degradation (whicti has 

been to biame depletive murce pst, land niismanagemnt, and a general resistance to 

change and innovation on collsc~atism, ignorance and irrationality of peasant farmers). 

to mstead gain an insight into som of the social and economic reasons behind 

degradation of the cnvironmtnt. 



4.1 Socioeconomic background tor nmtbeastern Ghana 

In northem Ghana the rnajority of the population Lives in rurai areas as mmbers 

of srnall-dc farming househokis th* art isolatcd pby sicaliy and lack basic amenities 

such as ma&, elccüicity, water supply and htalttr Fdcilities (Bernstein, 1995a). The 

income generated from farrning activities is often not adequate and most f m r s  have 

to rely on o k  sources of income (IFAD, 1992). As such the farmers focus more on 

their unniediate needs and are ofkn uninterestcd in new technologies. According to 

Swift (1995) the fundamental goal of the rurai farrncr is food security which is achieved 

by risk minimization strategies. 

Insecure land tenure systems and low c o m d i t y  prices are disincentives to 

protection or improvement of agricdtural lands (Cook and Grut, 1989). Traditional or 

customary land tenure has been cited hquentiy as an important barrier to development 

and as a conahtory factor to mlogical degradation (Bonsu, 1981; Hudson, 1981; 

Wangia and Rato, 19%) because of the insccurity of tcnurc. Insecurity of tenure 

discourages private investment in resource consavation. As weii, because the farmers 

do not hokl legal tenure over the finnlands thcy have no coiiaterd to raise a bank ioan 

to improve the soi]. Therc is a perception that land that is communally owned is often 

abPsed (Hudson, 1981). Fmwooâ, for exampIe, is harvested without due consideration 

to the harm that an individual's collecting habits have on the local environment. Apart 

fiom the insccanty of tenue, land firagmcntation associatexi with traditional tenure is 

yet anoiher major consttallit to soü conservation because soi1 conservation programs are 

difficult to @lement on smitil parcels of land (Wmgia and Rato, 1994). Inadquate 

agricuitural extension semices, bash ûre conml and deforestation are other important 

probierns that have been cited as nasons for widespread poor land management in curai 

areas (Hudson, 1986). 

The smdy region is Iocated in the cxtreme northeastern corner of Ghana, roughiy 

bctwccn 10~30~ and 11' mrth ktimde and 0' and 0' Se ara longitude and covm 

about 5200 krd. 1t is bounded on the nonh by bu ri ci^ Faso, on the east by Togo, on 

the west by the Sidi  River and on the south by the Garnbaga scarp. Administra 
. . tivel y, 



the regÉon is divided into six districts h m  east ta West: Bawku East, Bawku West, 

Bongo, Bolgatanga, Navrongo and Sandema. Each district is made up of a number of 

villages and Settlements with scaetertd compowds and farms. 

In generai, the Upper-East region, espccialiy the rural areas, is inadequately 

servexi with basic social faciiities because of a dcveioprnent strategy biased towards 

urban developmnt (Nsiah-Gyabaah, 1996)- About 90 percent of the settlements are not 

linked with all-weathcr roads, and an average distance of 4.2 kilometers rnust be 

travcM in ordcr to reach a rnuik road (Ghana Highway Authority, 19%). The most 

important road in the region is the heavily pot-holed tnink road that links the border 

tom of BawktdKulungugu in the mrth to T d c  and the rest of the country. The 

heaith delivery system is also one of the poorest in Ghana. The region has only about 4 

percent of the health institutions in the country (Ministry of He&, 1996). There is no 

qualined pediatrician; the ratio of patients per physician is very high. 

The niraI water sapply is also woefuily inadquate to meet the needs of the 

popdation. The most sigdkant watcr supply program has ben  the introduction of 

boreho Ies and w e k  under o Canadian-sponsored project (Nsiah-Gyabaah, 1996). These 

weik are only wful in the rainy season &ne - Octobcr). TImey dry up during the dry 

scasun durhg which period wornen travcl long distances for water. Guinea w o m  and 

bitharzia contaminate most surfacc supplies. For the rurai population, the use of band 

purnps for domestic water supply is the most practical and economic solution. The 

bng-tan solution of the water probkm may lie in the provision of pipe-borne water to 

areas of population concentrations. 

Most of rmal areas have no cltctrBcity supply except for the regional and district 

capitaIs and somt bigger settkmtnts. Under the national governnient's rurai 

electnncation program the maprity of the mal anas are expectcd to be electrifïed by 

the year 2ûûû. A iack of ekcaiciry and the high pctroicum prices discouraged rurai 

agro-industriai production and wen kty factors infiuencing deforestation (fkwood) 

with the consequemes of accelerated land and environmental degradation. 



The rcgion is pndoniinantiy niral About 87% of the total population live in 

nual areas ic., in Iocalities with a population of less tban 5,000 inhabitants (Staristical 

Senrices Department, 1984). Another important characteristic of the region's 

popnlation is its extrerne youtbfulntss, which rcveals a 'ktttomheavy p yramid ' 

stnrcture espacially in the d areas. A b ,  the number of women and the elderly out- 

number 15-44 year old men. Men in this age grorrp constitute the major productive 

force of any economy. As such a high social and economic depcndency in the socio- 

economic system is experienced in tconomies deprived of this group of men. The high 

dependence ratio increases the need for investment in social services such as education, 

and health. 

Migration accounts mainly for the pattern of population distribution. The whok 

of Nonhexn Ghana, and in particular the Upper East and Upper West regions, has been 

an out-migration region for a very long time (Bernstein, 1995a). Rural to urban 

migration is the dominant type of mobiiity taking place within and out of the Upper- 

East mgion. In the migration flow, it is mainty the abIe-bodied men between ages 15 to 

44 years who are moving out of the region. Womn, the very young and the elderly are 

left behind for the greater part of the ycar. 

4 3  S o c i ~ ~ ~ ~ ~ ) m i c  context fw the study ara: Survey results 

42.1 Demographic und e d u c u h ~ ~ u i  stattis 

Houschold heads art o k  rriemkrs of the farnily and they arc typicaiiy mie  

which acconnts for the gendtt ami age stracture of îhe rtspondcnts in the sacio- 

econonric s m y  FabIe 4.1). Because the survey target group was household heads, 

thm was no respondent who was 25 ycats or Iess. Seventy-nine percent of the 

rtspondents were more than 45 years old and the mjority of them are maie (89%). In 

cach household, th= are about four to fivc subfamiücs, depcnding on the number of 

men in the househoid. S o m  men, cspccially the yomger sons, move out to buiid their 

own ho~seholds close to the main house, bat most of them remain in the main 

hoasehold. It is only in the case of death of the d e  household head and in the absence 

of a responsibie male c W  that the widow becomcs the head of the houschold 



Most of the families are polygamous. In this smdy about 71 % of the male 

respondents had more tiian one wife, however, with ducation, this trend seems to be 

changing vabk 43 to 45). Older men with las ducation had more wives than 

younger men. The number of childnn per respondcnt varicd fiom 1 to 25 (Table 4.2). 

About 50 96 of the respondents had between 6 to 10 chiidren, 

Table 4.1. Distribution of respondents by agc and gcnder. 

A B  Total Male Fernale 
25 or las O O O 
26-35 3 3 O 

36-45 35 3 1 4 
46-55 60 47 13 
56-65 
66 or more 
TOTAL 

Table 4.2. Number of children per respondent and marital status of male respondents. 

Characteristic % of Total 

Childrcn per msponcttnt 
1-5 26.1 

6-10 47.2 
11-15 16.1 
16-20 8.4 
21-25 2.2 
TOTAL 100.0 

M d  sûdus of mola nspon&nts 

More than one wife 70.8 
One wife 28.6 

Ntvcrmamed 0.6 



Universai compulsory education was inwduccd in Ghana in 1960 with 

education provideci as a fnx service by the government. In spite of this, the Upper East 

region stiU shows 86% illitcracy rate for the nnal arcas, 55 % for the urban areas and 82 

% for the whoIe region (Statistical Services Department, Ghana, 1984). The results 

(Table 4.3) of the formai survey are consistent with the above report. ûniy about 25 % 

of the rcspondcnts had any form of education, which confirms the earlier observation 

that the region has one of the iowest levels of education in the country. The form of 

education most of them had was oniy up to prknary school level. However, there 

seemed to be hopc for the future as indicated by the significant (chi2 = 72.8) reiationship 

between education and age (Table 4.4). The relatively younger respondents tiad more 

education than the older respondents. 

Table 4.3. F o n d  ducational status of rcspondents 

Never attended 
Primary school 

Secondary school 

Post-stcondary 
TOTAL 

Table 4.4. Cross-tabalation of education with age 

Ane More 

56-65 44 5 O 
P 65 34 O O 

> Totai 135 35 10 
x2 = 72.8 



TabIe 4.5. Cross-taùuiation of lcvel of cducation with marital status. 

Never Attended P h r y  Scbool Secondarydk 
Number of Wives #JI35 #135 more #IO 

-- - -- - - - 

NA = Not applicable (either femaie, not rnarried or no response) 

Agriculture is the main occupation of the region's population providing the 

mainstay of the regional economy. In the formal survey 97% of the respondents 

c o d e r  farming as their major occupation, wirh crop production as the main fafming 

activity. Livestock keeping is secn as au inseparable complernent to successfixi farrning. 

Mer minor activities such as crafts and charcoal buniing are important sources of 

mcome and employmnt for the housthold. The maprity of respondents (83%) had off- 

Eann employmnt. The chief minor occupation of m&s was hnnting. The off-farrn 

activitks of women include honsekceping, pito (local beer) brewing, pottery, shear nut 

butter, basket and cfiarcod making. Pito brcwing h m  sorghum is the predominant 

econotnk activày for womn in the region. Ttading and agricultural subsidiary jo bs 

such as corn müling are 0 t h  cornmon occupations of women, An important off- farm 

activity of younger men is migrarion to the somh to work in cocoa farms and other 

economic ventarcs; the okkr men undutakc biack srnithing and collecting fuelwood for 

Salt. 



4.2.3 Land temm spstcm 

Ninety percent of respondents acquire £armland through the community or f d y  

inheritance (Tabie 4.6). in most of Sub-Sahara Africa, uaditionally, the basic principle 

of land tenure is communal ownership by clans or lineage (iuvejo y and Sanders, 1994). 

although there is a nend towards nucIear or individual ownership. Land is heid 

c o m m d y  with user rights granted by the spirituai leader of the community. Access 

to land is basicaiiy by kinship or birthright; land use rights are passed patrilinearly. 

Land ownership is vested in the limage and no one can dispossess a iandhoider or his 

family as long as he cares for the land (Saul 1988). In theory, no member of the f d y  

is "landless" because of the principle of communal ownership but in practice there is 

limitation on type of Iand use (Saui, 1988). Migrant fimm may be granted use rights 

on a temporary basis, which restricts the fariner to cdtivation of seasonal crops. Re- 

planting programs diow farmers to farm in the forest reserve; in retm they are 

expected to plant trtes. 

The majority of respondents (75%) felt that the land tenure system is faK to ai i  

and land acquisition is not a problem It was recognized that access to land is becoming 

vcry difficult. Native lands for expansion are almost non-existent and the oniy source 

of extra farmiands is fa110 w !a& hgmentation and scattered hoIdings are increasing as 

indicated by 98% of respondents (TabIe 4.6). Most farmrs have fmgmented holdings, 

often rmrc than 3 km apart. The main reasons for hgmentation Vabie 4.6) given by 

farmtrs include the la& of land due to population increase (43%), the system of 

comunity/fiunily land allocation (37%)' and crop type (20%). 

The tenurc system discriminates against women as only rnale children inherit 

land Womn ordinarily do not inhcrit or control Iand directly. The woman normally 

farms on the land owned by her husband or father- They may have acccss to iand for 

their own ben& at the pltasure of the hther. husband or spiritual leader. A wife's fîrst 

responsi'bility is to her husband's h. Cultivacion of hcr own plot is done only after 

she m e t s  her husband's iabor nqimcmtnts. Women usnally farm groundnuts, cowpea, 



vegetables and rice. Therc are quite a few women-hcaded households due to the 

scasoaai immigration of males to the south. In such cases, labor availability limits the 

farm size of women to less than about one hectare. 

Table 4.6. Source and ownership of land 

Question % of Total 

Source of Lund 
Community/Farnily inheritance 
Rent 
Government 

TOTAL 

Land ownemhip 
individual 
Famîiy/community 
Goverment 
TOTAL 

Easy 
Not casy 
TOTAL 

Gwd 
Bad 
TOTAL 

S c v d  srna11 plots 
One big plot 
TOTAL 

Access io h d  

R&g of îenure sysiem 

Lund fmgmenîdon 

Reosons for,fhgnient&n 

QOP type 
TOTAL 100 



4.2.4 Lanà rrss tanà fmniing pt~ctkes  

Compound and bush farming are the prrdominant systems of farming. 

Compound iamiing involves farming around the immcdiatt vicinity of compound 

houses, whüe bush farms are located about 6 to 10 km h m  the compounds. Bush farms 

Vary between 1 to 2 h a  On the bush farms, no m u r e  is applied and the famiing 

system is shifting cultivation where i d t y  is restored naturally through faiiow. The 

length of fallow depends on population pressure on land. In sparsely populated areas, 

long bush- fallow systems are dominant while short M o w  and permanent cultivation is 
practiced in densely populated areas. 

Farmers use both organic and chernical fertilizer as well as improved seeds 

fiable 4.7). Campound farms benefit much more from organic manure than the bush 

farms. Ninety-three percent use organic manure on compound farms compared to 5% 

on their bush farrn f m .  A minority of respondents believe that the bush farms have 

bettcr fertiiity status and do not need fertilization, while others cited the long distance 

travelcd to the bush farms or lack of organic m u r e  as the major constra.int to organic 

manme use on the bush f m  (Table 4.8). Most inputs such as chernicd ferrilizers and 

improved seeds were readily available (Table 4.9) but they are expensive. Pesticide use 

is not very comrnon, exccpt on high value crops such as dry season onions. 

Livestock, parcicukly cattle, are kept as a reserve of wealth and insurance 

against fimine. Animal rcaring is generally on fixe range. Howevez, animals are not 

allowed to rom k l y  mil  mps are barvested. Before harvesting, the animals are 

herded ta communai grazing lands. Grazing anas adjacent to villages arc sharcd. 

Bullocks are an important source of draft power. AU farmcrs use builock ploughs for 

land preparation, with scventy percent of respondents owning buiîocks and the 

remaining 30 % rely on xentals (Table 4.7). Aii other farm operations are done 

mannally. In virtually every home pouitry is kept. Other animals reared include sheep, 

goat and pig. 



Table 4.7 Farming practices on compound and bush f m .  

Fariiling practice % of Total 

Use of mimai manure on: 
Compound farm 93.3 
Bush Ednn 5 

Use of chmicol fertiiùer on: 
Compound farm 33.3 
Bush farm 50.0 

Others 
ïmproved se& 78.3 
Pesticide 35.0 
Tractor O 
Bullock plough 100 
Own Bullock 70 

Table 4.8. Reasons for limited use of organic manure on bush farrns. 

No t avaihbIe 
Tao far for ttansportation 

Better fcrtility 
TOTAL 

Table 4.9. Avaiiability of chernical fertilizcr and seeds. 

-- 

Ferîiiizer Seed 

Timeliuess 96 of Total % of Totai 

R e a f i ~  66.6 68.3 

W ~ Y  16.7 15.0 
TOTAL 100.0 100.0 



Crops grown include early and iatc millet, sorghpm, cowpeas, vegetables and 

rice. A mnltiple mpping system is practiced for the sake of insurance. Crop mixes of 

carly mikt with late millet, iate sorghum, and bcans are cornmon. Groundnuts and 

maize are cropped alont. Groundnuts are grown on lands with low fertility. Most 

valley bomrns are iised for rice production in the wct season and gardcns of onion and 

tomatoes in the dry season. Other crops include okra, garden eggs and leafy vegetables. 

Famiiy Labour is generally thc rurai househo id's prhary pmduc tion input and 

one over which they have most conml and can aliocate with greatest flexibility 

(Douglas, 1940). The need for extra labour has been widely cited as the main reason for 

polygamous f d e s  and large numbcr of children per W y  in most nual cornmuniries 

(Saul 1988). Participation in farm activities is gender and age related. Male children 

herd the hestock, while the giris draw water and c o k t  füewood and fniits. In 

addition to taking care of the househoid, adult fcmales carry out the planting and 

harvesting of produce. Adult males cary out major f a h g  activities such as land 

preparation and weeding. This division of labour is refkcted in the lack of a significant 

relationship between the number of childrcn and the use of communal/cash paid labour 

on the f m  (Table 4.10). Because the younger chiiâren do not work directly on the 

household fiatm, and yomg adults migrate down south, th& number does not have any 

direct influence on avaiiability of farm labour. Out& heIp is employed in the form of 

communaVcash paid labour. Labour firom relatives ami fiknds is known as communal 

labour. This type of labour is paid for in-kind with food during the work period and 

reciprocal action. Most often, pcopk h m  other villages sapply cash-paid labour. The 

mst important actmty for which outsidc-hclp is employed is weedhg. 

Access to, and cx@ence with, the local agricaitural support services influence 

farmers' deckions regardhg the adoption of particdar l a d  use practices. Local 

agricultucai SCrYices in the form of extension education and crcdit facilities are 

important to adoption of new technoIogies. Regardles of how good an improved land 

use practicc may be andcr research conditions, it is unEkely to be adopted without an 

effective extension service @ouglas, 1990). Two ment stPdics of 



Tabie 4.10. Cross-tabulations of number of c W n  and the use of outside labour for 
farm activities. 

Use of non-family labour 

Land preparation Weeding 
Nurnber of Used Not Used Used Not Used 
Children 

soil conservation in Saskatchewan connrmed the strong relationship between adoption 

of some soil conservation pracùces and extension services (Boehm, 1996; Kowalski, 

1997). 

The Ministry of Food and Agriculture is represented in the region by ail of its 

dcpamnents (Crop Services, Anunal Production, Vcterinary, Plant Protection and 

Regulatory Services and Extension). The services rendemi in the ngion by the 

Ministry of Food and Agriculture include training and demonstration of improved 

farming practices (indicated by 66% of rcspondcnts), input supply (20 46 of 

nspondcnts), crcdit facilitics (8%) and vetaimq services (5%). The Ministry of Food 

and Agricuiture has promted a number of changes that affect farming practice in the 

region. Som of thcsc rcccnt changes are the introduction of improved varieties, 

chernical fertilizcrs and agrochernicals, and planting in rows. 

The Farmrs Services Company (FASCOM) was cstablishtd in 1978 undcr the 

Upper Region Agricultilral Dcvelopmcnt Projcct (URADEP) to provide physical 

resaurces for farmers. Under tbis program, Farrn Services Centers (FSC) were 

estaùiished throughout the region to snve as a chah of retaii outlets for agricaltutal 



machinery hiring services, fedizer salts, m p  storage, and marketing services. 

FASCOM operated under a deoened payment scheme to ensure purchasing power of 

farmers. Due to problems of g e n ~ a ~ g  sufficient capital for the seasod operations, 

FASCOM is now concentrating on wholcsale marketing of fenilizer. Mer pro- 

like the Intemational Fund for AgricuItural Development (IFAD) support women 

groups. The Global 2000 project and the Presbyterian Church Farmers Ropm also 

assist farmers with input supply. These programs assist fmers with inputs like 

fertüizer, agrochemicais and se& with the repayment d e  in kind, that is with 

agriculturai produce. The Global 2000 program, however, is no longer operathg due to 

fannets' default in repayment of loans. 

Since the majority of rurai househokis have little ready cash resources that they 

can use for investment in improved farm practkes (such as purchase of improved seed, 

fertilizcr and farm implements) the input supply and credit faciliues of local agcicultural 

support services are very important. in order to benefit korn these schernes, farmers are 

encouragd to form associations or to bc mmbers of a cooperative, and hence questions 

were asked rclating to their membership of any such organization. About haif of the 

respondents belonged to som fonn of farmers' association. The other half did not 

respond to the question. Of the haif that rcsponded, about 60% find theu membcrship 

very usefui. Benefits of mcmbership were loan and input acquisition, exchange of ideas 

and communal assistance. The presence of the Ministry of Food and Agriculture is, 

therefore, very strong in the region; 98% of respondents are awace of its existence, 

whüe 91 96 have benefited fiom its services. 

42.6 Marketing andfinanciai msowces 

The primary objective of the rural farmr is sabsistence, after wtiich sorne of the 

produce is saki to meet other hancial obligations (Table 4.1 1). The percentage of 

produce soid gencraiiy varied between 5 96 to over 20 96. Existing marketing channeIs 

and îhe seasonal and annuai variations in pice are important factors that detennine 

what and when to produce and the saIe of produce (Douglas, 1990). Fannen were asked 

about the problems facd in marketing of produce. While 28% of respondents felt there 



arc no problem associate. with marketing (Table 4-11), a greater nurnber Mt the 

conaary. Roblcms faced in marketing of produce include low produce price (38% of 

respondents), p r  road network and aansportation (30 % of respondents), and storage 

pests (3%). Solutions suggested by respondents to these problerns include good 

marketing and pxicing policy, better roads, storage faciüies and formation of 

cooperatives. 

Compared to the number of people per househoid, the number of financial 

contributors per housthold is small (Table 4.12). The main source of the household's 

income is agriculture supported by off-farm employment. The male member of the 

famiiy is the main provider supported by the wife or wives and rernittances from 

children working outside the region 

4.3 Farmers' indigenous knmledge and perceptions 

Indigenous knowiedgc is denncd as leamcd ways of knowing and looking at the 

world (Chambers and Jiggins, 1987). It evolves h m  years of lemhg and the social 

interaction of groups of people of a particular society as they meet the challenges they 

face in their local cnvironments (Chambers and Jiigins, 1987). It is this local 

knowledge that enabIes the farmer to ordcr his/her work within the ovcrlapping cycles 

(human and naturai, controllabIe and unconttbUable) of the life of a fàrm (Kloppenburg, 

1991). Studies show how farmcrs' knowiedge provides acontinuous flow of 

understanding and experiences about the whok famhg system of their Iocality 

(Chambers and Jiggins, 1987); thtir capacity and ability CO experhent and thcir 

capabitity CO innovate and adapt ta cver changing environmcnts (McCorkle, 1989). 

Indigenous knowledge is adaptable to its physical and human ecology, and 

consequently its elahration and improvement is more Iikely ta be environmentally and 

sociaiiy appropriate than outside or cxogenous innovations (McCorkie (1989). 

To detartine the kvel of awareness of soil quaIity and degradation, exploratory 

question centered on two main thems wert askcd: 



Table 4.1 1. Percentage of farm produce markcted and pmblems associated with 

marketing. 

% of Total 
Marketing of produce 

Al1 for saie 0.0 
Al1 for home consumption 13.3 
Saie and home consumption 86.7 
TOTAL 100.0 

% of produce sold 
5- 10 
11-20 
>20 
TOTAL 

Marketing problems 
Low price 
Transporration 
S torage pest 
No p b k m  
TOTAL 

Table 4.12. Financial resources available to the fann household 
% of Total 

Sources of income outsi& agr ic t rh  
Trade 58.3 
Employment outside the region 26.7 
Charcoal 8.3 
Harad craft 6.7 
TOTAL 100.0 

Respondents that had access to cndit 45 



(1) how the rcsportdcnts perceive the state of their individuai f w  and that of the 

f i g e  as a whole, and (2) what they perceive as their production risks and problems- 

These questions were based on the assumption that local people's perception of 

degradation wiil be based on socio-econornic interest and that they wili attempt to 

conml degradation when they know that their physicai environment is deteriorating 

(Stocking, 198 1). 

4.2.1. Evaiurcfion of the cumnt date of fmmland 

The fiirmers are aware of the state of their land (Table 4.13). The word so& 

land and earth are synonymous among the peopIe of the area. The soi1 is associated 

with a Lift that cares as in the local expression 'my mother earth'. Questions relating to 

mil quaiity always attract spontaneous outcry about the extent to which their farmlands 

are depleted. They used expressions such as "the land is tired or exhausted" and "the 

iand is old" to indicate the poor state of their land 

In the formal survey, about 95 % of mspohdents noticed somc change in thtir 

agricultural land whiie the rernainder think there was no change. Of the 95% chat 

noticcd change, 80% were of the opinion that the land has becorne poorer, whiic the 

remainder feel it has changed for the bttter. Alrost aii the respondents noticed a 

decline in yield of crops from both compound and bush farms (Table 4.13). But the 

compound farms are considered the most degraded, which is consistent with the results 

obtained fkom anaiysis of the soils (Chapter 6). The farmers are of the opinion that 

continuous cultivation arising h m  popuiation incmes  and shortages of farmIand has 

a large share of blame. Certain calturai pracâces such as ridging dong the slope, 

gatherhg and burning of plant rcsiduc on hns  More land pnparation and m e  feiiing 

are a h  factors. 



Table 4.13. Perception of currcnt condition of farmland compared to conditions 30 
years ago. 

Compound faim Bush farm 
Current condition % of Total % of Total 

Own fmni 

Bdworse 
Bctt er 
No difference 
No response 
TOTAL 

Neighbout's funn 
Bad/worse 58.3 
Bctter 10.0 
No difference 31.7 
No response O 
TOTAL 100.0 

The village f ~ n t l h d r  
Bdworse 75.0 
Bettcf 18.4 
No difference 3 3  
No rtsponse 3.3 
TOTAL 100.0 

Yicld &cmaSes 
Yes 91.7 71.1 
No 8.3 28.9 
TOTAL 100.0 100 



4.3.2 Local Soi1 Assessrnent 

The iand has multiple functions and local farmers have different criteria for 

classification. Colour, moisturc, sanâ, gravel contents, rock outcrops as well as 

workability, vegetation and animal indicators, slope, and landscape positJon were used 

by local farmers to classi@ the land (Table 4.14). 

One of the local classification systems of the Kusaasi tribe is based on 

gravellconcretion content of the soil Zigi refm to gravel and kuga, kukom and koba 

are midifiers that rcfer to high, rmderate and Iow gravel contents, respectively. In the 

Kusaasi dialect, upper slope soils are known as Zigikuga, middle to lower slopes are 

Zigikukom, and the river valley and flood plain soils are Zigikoba. Heavy clay mils are 

known as Yak. ûther intermediate mils (probably relatcd to landform) are Tambisi and 

Tempelug. 

in the Zigikuga, the gravel part is always greater than the soil hes. A soil of 

this nature cannot main water for a long tirne and is, therefore, referred to as "dry 

mils". According to the farmers the best time to work on these mils is soon after a 

rainfall otherwise the gravel impedes working in the mils. The colours are basically red 

to brown. The mils are prone to erosion and rock outcrops are common. Acacia are 

usuaily found growing natarally on such mils. Zigikaba, found dong river valleys or 

floodplains are considercd the best soils. Water retention is good as w d  as workability. 

The colour is brown or black. 

Middle slope and some low land soils (Zigikukom) are grey, shades of r d ,  and 

brawn. The grave1 content is low and sand is prcdominant. The water hoIdîng capacity 

is vcry poor, bat they are easy to wotk. At depth in the soii, the Sigikoba mil type is 

usuaiiy fond. Yak soih are grey to dark grey in colour and are Iocated in footsIope and 

valiey positions. The coIour of the baobab trunk is used as refcrence of grey. The 

dteper layen are h m  brown to yeIlowish white. 



Tabk 4.14. Indicators used to d e m i  soil quality locally and their relative importance 
as indicated by the perccntage of the total tespondents that use them 

9% of Total 

Indicotors of gomi native land 

Vegetation 
Soil coiour 
Vegctation and soi1 
TOTAL 

Indicators of a good acüve fornihd 

Crop yield 
Soil 
Weeds, especiaiiy smga 
TOTAL 

Vegetation re-growth 
Weeds, especiaüy smga 
Soil 
TOTAL 

Stones and concretions 58.3 
Vegetation 41.7 
TOTAL 100.0 



Yak soils are casily fiooded and are very clayey, muddy, and sticky ( cm easily 

grasp footwear). In the dry season they crack and come out in big lumps. There is no 

gravel except in deeper layers. 

Tambiii is a mixture of sand and siit with a high propomon of sand going down 

to about 30 to 40 cm, where clay or gravel is found. They are found in middle or 

Iowland areas that are undulating. The surface temperatures are high in the hot season 

and the heat can be felt on the soles of the f e e ~  They are easy to work but again water 

holding capacity is low. Tempelug is dominateci by sand and is usuaiiy underlain with 

stones and rocks about one meter or more deep. They are dotted in the lowland areas. 

Water holding capacity is very poor. These soih are of no economic value to farmers, 

but they are good as building materiaL 

A productive soi1 is described as a soii that shows an expression of "fuhess 

with water". The soi1 should be able to main moisture without flooding for about four 

days aftn a &y's rainfall, In this state the soi1 is said to be able to "breathe", which is 

an acceptable state of fertility to the farmn. Breathing refers to good drainage 

conditions in the scientific ianguage. &r important features of fertility include the 

presence of soi1 fauna like millipedes, cenripedes, scorpions, and w o m ,  organic matter 

and absence of signs of serious erosion. 

Those who have ancestral ries to the eariy settiers tend to have access to the best 

iand (Sad, 1988). The chief s fiunily occupies the flood plain of the Kugri Mountain 

catchment where sites ABF6 and ABFS arc iocated. These mils are locaiiy placed in the 

Zigikoba group and are the best soils according to IocaI tradition, Soiis at sites ABF2 

and ABF3 were described as poor mils bccause they cannot breathe weu. The local 

farmers indicated that these sites are oniy ailocated to migrant farrners. 

Local farmcrs are also awm of the variation m soil fcrtility and naturai 

vegetation. The presence and devastating effcct of Szriga spp. is another indicator of 

soii quaiity used by fanner~. Stnga spp. is a parasitic weed commoniy known as the 

witchweed. It is very comrnon on inferriie land and survives by attaching kif on the 

mot system of the host pIant. F a .  regard sniga as having "a torric tongue that ikks 



up the soil nutritnts" lcaving îhe crops to starve. The prescncc of smga on a piece of 

land is a sign of severe degradation. 

The responses in the ptcceding sections show that mai people are aware of 

problems they face, csptcially those that affect th& farm incorne and rurai energy 

supply. They are also awarc of visible landscape changes such as deforestation and soii 

erosion. When asked if there had been any major changes relating to crops grown, land 

tenure, and input prices, farmtrs were quick to list their problerns (Table 4.15). Soi1 

fertility decline was the number one problem, foiiowed by lack of agricultural inputs. 

Land availability was the chird critical problem Agricultud information was not 

considemi a pro blem 

Local people have a perception that the productivity of crop land is dwindling 

ycarly. Decreases in crop yield were relatcd ta declining soi1 fertility, continuous 

cultivation, inadquate failow periods, and lack of fcniliztr. Pastures were &O 

becorning quantitativeiy and qualitatively poorer as a r c d t  of bush 6res and prolongcd 

droughts, and it is ùecoming inmasingiy difficult to feed animais, especially in the dry 

season. Fatmers mentioncd crop losses and famine, which has plagued the region since 

the late 1960s. particularly dming the Harmattan season. They are also aware of the 

causes of these probkrns and the possible solutions. For example, for fertility decline, 

the majority of the farmcrs cited continuous coltivation without adequate fdow as the 

main cause. Erosion and bush buming wcre citai as secondary causes. Rom the 

technaiogical point of view, the application of chernical firtiIizers is a key solution to 

the problems but poor distriùution, increasing cos of fértïüzers, and low rural incornes 

lirnit their use by small farmers. A fcnilizer subsidy was suggested as a solution by 

most of the farmersc 



Table 4.15. Problems faced by farmcrs (60 nspondents) ranked according to the 
importance pIaced on them by farmrs. 

- - 

Rank 
PmbIem 1 2 3 4 

Declinhg soi1 fertility 37 17 3 3 
Lack of land 18 7 29 6 
Lack of inputs 5 33 22 O 
Lack of information O 3 6 51 

Ranking 1= m s t  important 4=ieast important 

Other fhquently mentioned pro blems are bad weather, rainfail variability, 

drought, and bush fires. Most of them believe that bad weather and erratic rainfali were 

the two most criticai environmentai probiems facing agriculture. While bush fk was 

also a serious problem, pest and disease anacks were of less concem to farrners because 

they wcrt bfrequent and severc cases wcre m. Like other Savannah regions of 

Ghana, indiscriminate bush buming is one of the chaiienging issues. Burrting is 

embedded in the cultural value and traditionai practice of the people and is an important 

rrieans of land clearing for crop production. Herders burn off vegetation to make room 

for tender, green forage readiiy available to anirnals and hunters burn to flush out game. 

Even though pastute research has confirmd the positive effect that infizquent bining 

has on productivity of grasses (Nyt and Greenland, 19M Innes, 1977), m u e n t  and 

uncontroiied buming is haniiful to both vegctation and mil, Fis set each year 

throughout the Savannah and woodland d m o y  gcnetic rcsources and organic matter, 

which protcct the soit from erosion and rcpknish the mils. The ûres küi naturai 

regeueration, expose the soil to erosion and destmy crops. Fonunately, most famiers 

btlieve that the incidence of bush fins is lower due to conmlled buming. 

(3harcoal buming, fuel wood co11cCtion, residue nianagement and the activities 

of migrant farmers are other activitics that iead to land degradation. Charcoal 

proccssing is a major off-farm activity andCrtaken by women and men. Most of the 

charcoai produced is not used m the village but rather sent to cities for sale. Sixty eight 

percent of rcspondents believcd charcoal bmnmg has increased flable 4.16). Fuel 



Table 4.16. Charcoal making and fuel wood coliection 
96 of Total 

Eouseiioià involvement in charcoril moking 

involved 
Not involved 
TOTAL 

hcreased 
Not incread 
TOTAL 

Own land 
Community land 
Both 
TOTAL 

Source of househoüifuel wood 

Easier 10 
DifEicult 90 
Same O 
TOTAL 100.0 

wood is nccded for fie in tht village and womcn do the coiiection. Previously, they 

only ftlied on dead and fallcn wood, bat in ment timcs, these are not readily available 

and hence they cut wood that is standhg Icading to wrposure of the soi1 and erosion. It 

is bccoming increasingly di£ficult (90% of rcspondents) to get fuel wood in the 

immcdiate vichity of the house and farms (TabIe 4.16). Longer distances wcre traveled 

into the ùush to get wood Crop residues are used for fuel and sometimes as roohg 

material Thus, crop residues are not lefc on the soi1 to comme the land fiom erosion 

during the long dry periods and the onset of rains. 



The activity of migrant fanncrs was anothm social phenomnon tbat was 

constantiy mntibned as one of the probicms in the region. Migrant Eamicrs (Le., 

pcoplt h m  o k  comrnunities and the cities) acquiring land in a cornmunity not their 

own have no CO rn rnhn t  to the land (Hudson 1981,1986; Sad, 1988). If prices fa& 

they abandon the farming entuprise, kaving the land exposed to msion. Most often, 

these migrants have mre financiai resources to clear large expanse of land. Hudson 

(1981, 1986) also idcntified this as an important factor that adversely aüect soil 

conservation in m s t  African corntries. 

The traditional tenure of communal ownership of land had bcen cited as a major 

constraint to soi1 conservation programs (Hudson, 1981). Therefore, questions were 

asked to ascertain the willingness of farmers to practise conservation on communal 

lands. The lack of incentive to practist conse~ation on communal land was clearly 

illustrateci by the fact that oniy 18% of the respondcnts indicated having participated in 

cornmuna1 conservation programs Fable 4.17). Lack of proper conservation arîses h m  

the historical pattern of h l y  using communal iand (Wangia and Rato, 1994; Douglas, 

1990). 

Table 4.17. Percentage of the rcspondents that use conservation pracace on their 

own farrn andor on wmrnunity Iand. 

-- . -  ~ 

PRACMSED SOIL CONSERVATION 
Type of Soi1 
anlservation YES NO 
measure % of Total % of Totai 

On own fmnr 
Contour h t i r l g  46.7 53.3 
Stone line 25.0 75.0 
Tree planting 75.0 25.0 

On conirnurrifp lond 
(any of the above) 18.3 81.7 



4.3. Sumrnary of socioeconomic conditions in the study area 

The study area is located in the Upper-East region, which is one of the poorea 

regions in Ghana in tcrms of financiai resources and basic idhtmcture. The region is 

essentially rurai with settlements made up of residential compounds and farms. 

Fiancial resources are very iimited. The rurai population relies on £arming as the main 

source of incorne; however, the farming is done on a subsistence level, supported by 

off-farm activities. 

The main fa-g systems are compound f d g  and bush farming. 

Compound farming involves punianent cultivation around the houses, whiie bush 

farming involves shifting cultivation. Bush fallaws are used to testore fertility on the 

bush farms, while househoid refuse and animal manure are used on cornpound farms. 

Credit facilitics are ümited or non-existent, except whm there are pmjects such as 

Global 2000 and FAD crcàit schemes. The incorne generateâ f?om these sources is 

barely enough to cater ta the basic ne& of the farmers; as such it would be impossible 

for these farmers to make any capital invesumnt in soi1 consmation measutes. 

Basic hfkasuucture such as hospitals, schools, markets ami roads are very 

limited Long distances an traveied to hospital and most nrral redents rely on 

aaditional health h d m .  Markets and road networks may provide incentives for 

increased production and investmnt in proper land use. With very lit& access to 

market, farmers wiU continue producing at a sabsistence IeveL The limited number of 

schools can be seen in the low edacationai status of the rurai population, This means 

that extension education can only bc provided by extension agents who can speak the 

local dialect. Where there are no extension agents competent in the locd dialect, a 

comnmnity wiU saffer iiom iack of extension infoxmation. There is hope for the future 

as the mjocity of the youngcr generation bas som fonn of fornial education. With the 

cartent goverment policy of ciincation for alI by the year 2020, more schools are king 

built at the rurai mas, and the cducationai scatus is mpccteù to improve. 

Land is comunaiiy owncd with user fights given ptixnarily to d e  members of 

the faniily- The communal land tcnm system may pose a major problcm for soi1 



coll~ervation bacause of tenme inscciirity, Iand kagmentation, and the gender bias 

allocations policy that are associatcd with it. Insecariiy of tenure does not p v i d e  

incentive for investment into conservation practices, while hgmntation hampers 

watcrshcd management projects, Changes to the currtnt land tenure system, however, 

may be difficuIt since the majority of the population is content with the current 

arrangement. The gender-bias land allocation system discriminates aga& women, in 

that they do not have direct access to land. Most often they work on their husband or 

father's farm and oniy have acctss to very &graciai Iands. 

Most fa,Iiilies are poIygarnous and the main source of farm labour is family and 

community rnembers. However, the majority of the able-bodied male emigrate to the 

south to work on coma famis and other sectors of the economy, leaving oniy the oMer 

males and very young childm and women behind S o m  of the young men corne back 

during the farming season whereas others corne oniy occasionaiiy. This means tbat any 

conservation m u r e  that reqrrires intensive iabour may not be weil received by the 

niral community. The timing of the labour requirement shouid also be considered in 

developrnent of the conservation practice. 

The Ministry of Food and Agriculture is an important source of information and 

ased to be tbe major suppiier of agrkuitural inputs. Most Earmers have access to 

extension infamation tfrrough agricdtural extension agents. However, the mssages 

chat an bcing elaended to the farniers lay more cmphasis on agronarnic practices such 

as planting in mws, and f e r  applications. The soi1 conservation messages are 

ncîther included nor emphasized, It is btlicwd that this pmbiem wouki be addressed by 

the Land and Water Managcmnt RojoCt of the Ministry of Food, which was smed in 

1995. As part of the pnvatization practss in the country, the input supply services have 

been relinquished to the pnvate scctor, resnlting in reduced use of input such as 

krtikm due to the incnased COS, kzdhg to reduced incorne. 

The Earmrs are very mach awan of k i r  environment and have deveIoped 

certain strategits to overcomt thta probIcms, This indigenous IocaI knowledge wi be 

very usefbi in the assessrnent f i  soii qaality. For example, the knowkdge of land 



ownership cm be used as a guide ta Id capability classification. In this study, it was 

obscrvcd that the royai familics were on the kst land and visitors were given the 

poorest lands. 



S. PHYSICAL ENVIRONMENT AND PEDOLOGY OF THE STUDY AREA 

The emerging definitions of soiI quality imply that soii quality has two distinct 

components: an intrinsic wmponent rehtcd to inherent characteristics of the soii and a 

dynamic pan ifluenceci by the soii user or rnanager (Carter et al, 1997; Karlen et al 

1997). Dynamic soii quality defines those soii prop& that change over reiatively 

short t h e  periods in rcsponse to human use and management (Carter et al, 1997). 

Inherent characteristics of the soil (such as mineralogy and particle size distribution) are 

those properties under the control of soiï forming fhctors such as climate, landform, 

watcr systems and vegetation. Suscepu'bility of a land to degradation is reiated to 

inherent properties of the soil and hence site inhrmation on these factors is essentiai to 

soiï quality evaluation (Arshad and Coen, 1992). 

The balance between random variability and systematic variability in soi1 

properties cannot be a priori established in a given landscape type. Many studies have 

shown that soii processes vary according to the various segments of the landscape. For 

example, in soi1 redistribution processes, soii removai is typicaliy more intense in the 

apper dope position whik deposition is predominant in the lower dope position. In 

recognition of this landsape-sale variability in soi1 properties, this section describes 

the physicai elemcnts and pedologicd charactcristics of the study area so as to provide a 

background against which changes in dynamic soi1 properties can be assesseci. The kst  

two sections draw upon existing litcrature to estabiish the climatic and geologicai 

k w o r k  for the nsearch region, whertas the ftmainder of the chapter is based on 

primary research in the study area. 

5.1 Climtic conditions 

The region is characterized by semi-arid conditions of long dry periods and short 

rainfail seasons. The total annuaï pracipitation is abut  150 cm (Ah, 1969); the rains 



uspally begin in May and reach a peak fiom July to Scptember and the dry season 

occurs between October and April (Fig. 5,la). Temperature varies very little 

throughout the year. Average daily maxima are highest in March and April and lowest 

in August. Monthly mean maximum temperatures nçorded are mosiiy arorud 3 5 ' ~  

and the man annual temperature is about 2 7 ' ~  (Tg 5.lb) 

53. Ceoiogy and soiis 

The study region is underlain by three main rock types: Bimmian, Granitic, and 

Voltaian rocks (Mu, 1969). Birrirnian rocks represent the Re-Cambnan basement 

complex commonly known as "greenstont". These complexes consist d y  of 

phyllites, sctiists, and related rocks mixed with granitic matenals. Granitic rocks, which 

consist of biotite and homblende complex, are the oidest of the three p u p s .  Voltaian 

rocks are associated with later formations of the early Carboniferous age (Ah,  1974). 

and consist of massive sandstone overlying various beds of mudstone, ümestone, and 

shaie. Soils formeci h m  the Bimmian compIexes are much more vaned and 

chemicaiiy richer than mils over Voltaian formations (Ah,  1974). The best 

agriculNal mils are those derivcd fiom Brmmian gmnstone and granite, making areas 

where they occur the m s t  densely papalateci (Mu, 1969). VoItaian formations on the 

0 t h  hanci, produce very poor sandy or silty soils. 

The landscape of the ana has a complex gcomrphology and soi1 pattern. Slight 

changes in dope prescnt dramatic soi1 differences. Undcr Ghanaian conditions, soil 

series rarely cover a snfncient area in mdividuai expanses to make it ptactical to m p  

hem on srnail scale maps; they are combincd into Iarger assemblages known as 

associations (Mu, 1969). A soil association is defined as a group of series f o d  h m  

related parent materials and possesshg a similar rnorphology but diffcrenllated by relief 

and drainage (Ada, 1%9). The major soii associations within the region are the 

Tanchera, Kolingu, and Vampcrt associations (Gana, 19%). The dominant soil 

association in the study area is the Varcmpcrt association, which occurs on the 

Biuimian rocks. 
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Figure 5.1: Monthly rncan (a) rainfaii and (b) temperature values for the study region 

(taken fiom Adu, 1969). 



The Varempere sail association is made up of a scries of mil types that show a 

detkite relationship to reiief The uplands are dorninated by Alfisols with ferruginous 

concretionary B-horizons (Varenipere series). These mils are cIassifiecl locally as 

Savanna Ochrosdls (Brammer, 1962) and as Plinthustaif in the U.S.D.A system (Soi1 

Survey Staff, 1994). Eroded sununits often have iron concretions overlying massive 

indurated subsoii known as Hilun series or cappcd sheet ironpan ciassificd as Wenchi 

series. Coiluvial mils occur on the niiddle dopes, which appear to be intergrades 

between the wd-draincd upland and imperfectly drained lowland conditions. The weii 

draineci coiluvium or hiil wash, which is ciassified as the Tqfai series, consist of 

brownish or reddish yellow, coarse, deep, sandy loarns, underiain by quartz gravel 

Stones, iron concretions or m a g e  iron pan. Poorly drained midslope soils also occur 

and are classifieci as the Gu10 series. They are shallow, paie yeliow, coarse loamy sands 

that overlie a seepage iron pan, typicaüy with siity clay textures. These sites are often 

ponded in th rainy season because of the* iow inhltration capacity. The soh at these 

sites arc classified as Gleysols (Adu, 1969) or Tropaquepts (Soii Survcy Staff, 1994). 

On the Iowa slopes, aliuvisols or colluvia1 mils, with weakly expressed profile 

charactcristics occm. The sails arc gay pooriy drained aiiuvial clays classifiecl as the 

Kupela series and sands as the Berenyart'series. 

5 3  Pedological characteristics of the m m h  fields 

Sixteen rtsearch sites wcrc scltctod according to iandscapc position and land 

use for the stPdy. The 16 rcsearch sites were clustered in five uansects (Table 5.1 and 

Fig. 5.2). Along each tnuisect the specaic sites were chosen to represent the range of 

slope positions chat occarred. Site and profile description was done in the field 

accordhg to FAOflSRIC soii dcsniption guide (1990). A sunimary is presented here. 

The detailed descriptibn is providcd in Appendix 1. Horizon symboIs con& of one or 

two capital letters for the master horizon and a Iowcr case ktter snffixes for 

subhorizons. 



Table 5.1. bcation of the research nnits in the study village within northeastem 

Ghana 

Site UTM Coordinates (ml 

UC 792017 E., 1195976 N. 
ABFl 792056 E., 119578 1 N. 
ABR 791929 E., 1196126 N. 
STFl 791957 E., 1195820 N. 
ABF4 791584 E., 1195873 N. 

794224 E., 1196306 N 
794538 E., 1196514 N. 

798702 E., 1193184 N. 
799517 E., 1194670 N 
798310 E., 1193292 N 

791175 E., 1195491 N. 
791227 E., 1195491 N. 
791304 E., 1195461 N. 

797468 E., 1195339 N. 
797473 E., 1195247 N, 
797063 E., 1195220 N. 



Norîhings (m) 

Figure 5.2 Spatiai distribution of rtscarch units within the study area. Locations were 

recordcd using a single-unit GPS and art an average of 3û minutes of readings. 



The master horizons encountered were A, B and C and transitional horizons such as 

AB and BC. The subordinate cbaracteRstics within the master horizons were p 

(plougbing or othcr disturbances), c (concretions), t (accumulation of silicate clay), g 

(strong gieying), and x (fxagipan). A Bcx or Btcx horizon forms a major irnpediment to 

root growth due to its unfavourable physical properties and hence the depth of this 

horizon fiom the surface is a major inhercnt soi1 quaiity characteristic. 

The position of each site dong the transecf was recorded. The transects were 

simüar in length (generally 600 to 900 m, bat only 120 m for CF1 to CRF') and the 

relative position of each site dong an idealued transect was calculated (Figure 5.3). 

This prescntation facilitates the cornparisons between the slope positions for the 

different sites. The exception to this is transect 5, which was located in a local 

catchment as discussed below. 

T b  are f i e  sites (UC, ABFl, STFl, ABF4 and ABR) in this transect. 

Transect 1 has a 9 rn rk over a 400 m long dope. UC has not ken cultivated at any 

time in the memry of the villagus. ABFl is an active bush farm that had been 

cultivated for four years at the iim of sampling and was planted with latc millet and 

c o w p  ABF2 had becn in cultivation for seven years and STFl had been in faiiow for 

four to five years at the the of sampling. ABF4 had btcn croppcd for four years at the 

lim of sampling and was rented by migrant farmers. 

ABF2 is in a lowcr slopc position with a 4 m elcvation rise over 110 m (Fig. 

5.4). The A-horizon thickness ranged h m  5 to 8 cm. Gleyed horizons (ie., B g t  or 

B3gtc), Udicative of seasonal waterlogging, were observed at 6 of the 9 sampiing 

points. The gieyed horizons typicaiïy had orange VSYR 618) mttles in a dulier ma& 

(Appendix Al). Concretions o c c d  at a range of depths within the pronles. For 

example, at sampiing point B2 concretions were v e q  cornmon at aii depths whereas at 

sampling pomt D4 there wcre no concretions muii 75 cm @th. 



ABFl 

CF1 1 LTFl 

Relative Distance along slope (%) 

Figure 5.3: Gencraiïzed aansect showing location of research sites. The uansects 

rangcd in length fiom 400 to 900 m and had elevation gains of 2 to 3 % (Le., 2 to 3 rn 

pcr 100 m of horizontal distance). 



Figure 5.4 Digital clevation mode1 of ABR showing the micro-topography variations in 

the site. Soil pit locations refcrred to in tnrt are shown on the surface. The view is h m  

the southwcst and the vmkd exaggcration is 25X 



The concretions did not seem to be related to the micro topgraphical variations 

at the site. This observation is consistent with the txpectatibn that the region had 

&gone several cycles of aosion, making the mauo and rnicro relief very 

complicatd 

Site UC is in a mid shpe position. It dopes from the highest eievation at 

sampling point Fî to the lowcst point at samplhg point C4 (Fig. 5.5). The micro- 

topography is very Mted (Le., the dope is rektively smoth). The soi1 is generally a 

sandy loam. The surface A-horizon thickness varies fkom 6 to I l  cm Soi1 colour is 

typicaiîy 5YR or 10 YR 2/1. Behw the A horizon, concrctions occurred in varying 

amounts dependhg on the depth h m  the surface. The A2 horizon is similar in 

characteristics ta t iu  Ah horizon exccpt that it has l es  or@ matter and therefore is 

slightly Lightcr in coIonr. Btc horizons occur at most sampling points reflecting the 

highcr clay content and concretions in these horizons. 

The lowermost horizons w u t  cvcn mon concretionary and sometimes massive 

and were designatecl as Bcx, The Bcx horizons occur at a range of ekvations fiom 

highcst (2F) to Iowest (4C) (E"1g. 5.5). In seven out of the 12 sampling points within this 

field, massive concretions occur at depths betwen 25 to 62 cm from the surface. Most 

of the lowermst horizons have abundant concretions and distinct orange (7.SYR 6/8) 

mttles in the sandy clay h m  matrix. Sampiing points C4, F4, E3, and F3 had mottics 

thughout the pionle. 

ABFI is in an uppcr slopc position and has the highcst variation in micro- 

topography (Kg. 5.6). Depth to Bx was alsa highiy variabie as was observed in UC. At 

m m  sampling points (e.g. C4). which is at the lowcst devation, the Bx horizon was 

only 24 cm h m  the d e .  Two sampliag points @3 and D4) at micro-rises did not 

have Bx horizons within 65 t 70 cm of the surface. The variability in micro- 

topography was not rcficcted in Apc horizon thickncss (Appendix Al). 



figure 5.5: Digital elevatmn mdcl of UC showing the micro-topography variations in 

the site. Soii pit Iocations r c f d  t m text are shown on the surface. The view is h m  

the southwest and the verticai exaggcration is 25X. 



Figure 5.6: Digital elevation mode1 of ABFl showing the micro-topography variations 

in the sitc. Soil pit locations rcfcrnd to in text are shown on the sarface. The view is 

h m  the southwest and the vertical exaggeration is 25X. 



The thickntss of the A horizon varies h m  only 5 to 7 cm with many to abundant 

conmtions, underlain by transitional ABC or Bltc. horizons. Lowenmst horizons are 

dominantly Bx horizons. 

Site STFl is in the mid dope position with iimited microtopography (Fig 5.7). 

The A-horizon varies fiom 7 to II cm th.& with common to abundant concretions 

(Appendix Al). There are motties in BLtc horizons at four sampling points but these 

had no clear relationship to microtopography. Nor did the depth to the Bcx horizon - 
depth to Bcx is 19 cm at B4 (iowest elcvation) and 17 cm at D2 (highest point). AU the 

sampling points bave Bcx at depth, ranging fiom 17 cm (D2) to 58 cm (B3). 

ABF4 is also in a lower dope position located 50 m away from the other sites. 

The soi1 at this site is sandier than those at other sites. The colour is yeilowish to 

greyish with mottles at depth and there are no concretions to 30 to 40 cm depth 

(Appendix Al). ABF4 is located at the base of a Iong slope but stiU has a hear dope 

form overd (rather than a concave lower dope position). 

LTFl and ABF3 were on the second transect. LTFl is a long-tcrm fa!low chat 

had been in failow for more than 50 pars. ABF3 is an active bush farm, which had 

btcn in cultivation for about eight ycars at the tim of sampiing and was planted to a 

d e t  and cowpea intercrop. 

LTFl is an upper siope site with 25 m rise over 100 m distance (Fig. 5.8). 

There is a large anthill close to sampling point DL LTFl has a very consistent A 

horizon thickness Ecom 5 to 7 cm thick (Appcndix Al). Ten out of the 12 sanïpling 

points had Bcx horizons, which were g c d y  Iess than 35 cm h m  the d a c e .  At 

sampling point Cr, the Bcx horizon was as close as 24 c m  Only the two lowemmst 

points, B3 and B4, did not have a Bcx h o k a  Most of the sampling points had modes 

irrespective of the micro-elevation, 



Figure 5.7 Digital elevation d e l  of STFl showhg the micro-topography variations in 

tht site. Soi1 pit locations referrtd to in text an shown on the stlrface. The view is h m  

the southwest and the vertical exaggaation is 25X. 



Fignrc 5.8 Digitai elevation mDdc1 of LTM showing the micro-topography variations in 

the site. SoiI pit locations r e f d  to in text are shown on the sarface. The view is from 

the southwest and the vertical exaggeration is 25X. 



ABF3 is on a mid sIope position with 4 m relief o v u  a 90 rn distance. The site 

has the highcst point at D2 and slopes to the lowest point at B4 (Fig 5.9). The A-horizon 

thickness varied iittie (hm 5 to 6 cm) with few or very few concretions. Concretions 

were very few in the B horizon and only one sampling point (C2) has a Bx horizon. 

Most of the sampling points typicaiiy have Bi or &tc. A f iw of the sampling points 

showed evidence of water logging; for example B2 and C3 had gleyed lowermost 

horizons. 

The thad aansect is located in the heart of Kugri village away fÏom the bush 

farm arca and incIudes sites CF1, CF2 and CRF. The ûansect has an 8 m rise over a 400 

m run. CF1 and CFî arc componnd h. Thcsc sites are continuously cropped and 

their fertility is maintaincd with honsehold refuse and animal manm. CF1 belongs to 

the village chier s househoid. CRF is in a vallcy that mns through the village. It is 

cultivated to rice every ycar during the rainy season. CRF was added in the second 

field stason bacause it was in an obvious position to meive sediment h m  the uppcr 

srrrface where CF1 and CF2 are Iocated. 

CF1 is on the summit/uppcr slope position anâ slopes h m  point D4 (highest) to 

B2 (lowcst) (Fig 5.10). The A-horizon is a ploughed A-horizon and is designated as a 

Apc. Thickness of the Apc horizon varies h m  5 to 7 cm with many to abundant 

concretions at ail the sampling points (Appendix Al). Concretions are abundant 

thughout  the profile of ail sampling points, with Bx horizon occarring at lowermost 

horizons, c o m n i y  within 25-35 cm of the siirface. At some points the Bx horizon 

occmred very close to the smfacc, for example, at sampling point C2, the Bx horizon 

occuued about 11 cm h m  the suriace. 

CF2 (Fig. 5.11) is in the midsiope position of this muisect Siniilar to CFZ, 

conmtions are cormnon in the Apc horizons of ail the sampling sites; howeveq the 

sampling points on hwer micro-ekvations have thicker A-horizons than higher 

ekvation p o h .  



Figure 5.9 Digital elevation mDdt1 of ABF3 showing the micro-topography variations in 

the site. Soii pit lacations r e f d  to in text are shown on the e t .  The view is fkom 

the souîhwcst and the vertical exaggeration is 25X. 



Figure 5.10 Digitai elevation mode1 of CFL showing the micro-topography variations 

in the site. Soii pit Iocations refcrnd to m tcxt are shown on the d e .  The view is 

h m  the soathwcst and the vertical exaggcration is 25X 



Figure 5.11 Digitai elevation mode1 of CFZ showing the micro-topography variaaons 

in the site. Soi1 pit locations refmed to in tcxt are shown on the d e .  The view is 

h m  the southwest and the vertical exagggation is 25X 



Thc texture of the upper horizons is loamy sand and the iowennost horizons are gleyed, 

cspecially at sampling points B3, B4, C4, and D3 Fig. 5.11). Compareci to CF1, this 

site did not have Bx horizons occuuing within the depth of sampling. Oniy one 

sampling point (C2) had a Bx lowecmost horizon, which occurred at 61 cm depth. 

CRF is in the lowenrost position on this transect. It is a near-level site in a 

broad concavity close to ml. It is used for vegetable gardening in the dry season and 

rice fanning in the rainy season. G e n d y  the soii at this site is sandy loam to 30 cm 

depth and clayey at depth with soft and hard Mn0 concretions. 

Sites STF2, S m ,  and LTF2 are clustered dong the fourth transect (Fig 5.2). 

This transect has a very gentle slope of 3 m rise over 400 m nin with a "step" cut 

between STF2 and L m .  STF2 is the lowermost point on the transect and is a short- 

term failow field on a flood plain. It had previously been cultivated to rice. LTFL has 

b a n  fdowed for 20 years and Sm for five years 

Site STR is locatcd in a concave lowcr-dope position at the edge of a low-lying 

wctland. There is a major @y about 50 m south of STF2, which appcars to be a major 

water way in the area during the rainy season, The texture of the soi1 at this site is 

generally a silty fine sandy Ioam in the upper horizons with muen t  quartz grave1 and 

Fe concretions within 40 cm @th, Thae are very few concretions above 40 cm 

LTF2 and STF3 are in a mid- to upper dope position with severai "hard-pan" 

exposmcs and hardened "latcritcs" at the sirrface. At most samphg points, the soils are 

vcry concretiomuy to the surface with concrctionary boulders often at 10 to 30cm depth, 

and abundant concretions in the 0- to 10-cm iayer. 

Trenscet.5 

ABFS, ABF6, and ABFl are in the h a 1  transect, These sites are close to a 

prominent volcanic extrusion known as Kngzi hiil (Ah ,  1969). This hiii is the highest 

pomt in the stpdy area. The hiil brins its own catchment area and s e v d  major guilies 



begin at the base of the hiU These giillies coalesce to form a dccp gully/saeam that was 

dry at the tim of sarnpling but which had ample evidence of fluvial sedimntation in 

the hodplain. There was considerabk evidcnce of active riil erosion and deposition on 

the surface where the three sites were located. Although the three sites are located on a 

very différent surface than the other four aansects (and are not comected directiy 

through surface fiow) they were includcd because the land in the Kugri hiil catchment is 

the most f& of the bush fann areas. ABF5 and ABF6 are within the vaiiey and have 

been continuously cultivated for severai gencrations. At the time of sampling ABFI 

was not yet seeded but remnants of the previous year's crops residue showed it was 

cropped to groundnuts. 

The saprolite (ie., deeply weathered bedrock) is very close to the surface at all 

three sites. ABF7 is located at a slightly higher elevation, and is separateci hom ABFS 

and ABF6 by a dry (at the tirne of sampling) streambed that runs through the vaüey. 

The soi1 at this site is colluviai with a distinct stone line of concretions and quartz grave1 

overlying saprolite at 20 to 30 cm This site did not seem to be affected by deposition 

or flow ftorn Kugri hi11 and is probably more closcly rtlated to the soils of the other 

transects. 

ABFS and ABF6 are active dcposition/erosion sites. Therc is considerable 

cvidcnce of ment deposition of scdimcnts at ABFS and ABF6. ABFS is sandier and 

has more concretions than ABF6. ABF6 is m a Iower dope position. Some distinct 

sand layers within a finer, 5-cm thick depositional laycr were observed after a day of 

rainfaii in ABF6, which is a clear evidence of particle s k  separation. At these two 

sites aho. the saprolite is conurmniy within 20 to 30 cm of the surface. Botb sites had 

much browner A horizons than were comrnon to the soi1 of the 0 t h  transects. 

Grauping of the study sites into discnte soil gcomorphic units was dificuit. The 

soils demi at each site showed little cornspondcnce to the conceptual series of the 

Varempere association shown m the soi1 survey report (Adri, 1969) and a considerable 



range in morphological propertks occuned amng sites that to occupitd the s a m  

geomorphic surface. 

Placcmnt of the study sites (cxchding the Kngri bill catchment sites) based on 

t k  relative position almg the iand surface allows two bmad distinctions to be made 

5.3). Sites Sm, CRF, ABF2 and ABF4 occupy iower dope positions at the 

base of the long, gentk slopes charactcristic of îhe region. Sites STF2 and CRF are in 

concave positions at the base of the shpe and are seasonally flooded. CRF is currentry 

used for wet season rice farming and STF2 was used for that purpose until very 

recentiy. Bath of these sites have hm tgmired mi1 (especially at depth) than the 

remainder of the sites. Sites ABF2 and ABF4 occupy the Iowest position of the o v d  

siope complex but art di dominami by lincar slopes (rather than concave slopes). 

Both of these sites have gIeying fatares throughout the profle, but the texture and 

amount of conactions diffa - ABF4 has a thick sudicial sand cover, whereas ABF2 

has highet concretions throughout the profle. 

The remahder of the sites (excluding those in the Kugri catchment) occupy 

either mi& or upper dope positions and share rmst of the same features - reddish soi1 

colonrs, cancrttions throughout the p n l e  and the presence of mottling in a few of the 

profies. They typicaiiy have abundant concretion andjor fragipan layers at some depth 

h m  the surface. The urtnrm occurrence of îhe massive concretionary layer is at sites 

LTF2 and S m ,  whcn hatdencd plinthite occupied an appreciable hction of the 

smface mil as tithtr bouidcts or a contirmous laycr. No manin@ mil geomorphic 

M i n c e s  could bt made bctwam tilcsc miIs based on the m e y  methods use& and 

they arc grouped togeiher as appcr slopt soiis for subsequent analysis. 

The three sites in the Kugri hiil catchent are distinct h m  the sites discussed 

above. Site ABF7 is outside of the area of active deposition in this a h m t n t  and is a 

ciassic coiiuvial soil with a distinct stoneiint overlying saprolite- Sites MF6 and ABF7 

are in an active depositionai hdscape position and are sirriilar in terms of colour and 

horizonation. Again the saprofite is close to the s e t  for both of these mils. These 



soils are also distinct nom the othcr sites insofar as they arc continuous~y culuvated 

bush farms. 

The major n k n c e  or benchmark site in this study is UC, which is located in 

the upper slope group discussed above. As disasseci previously, there is a need to 

estabiish a basic similarity m n g  sites before the results for soil properties fiom a 

reference site can be used as a baseline to evaluate changes in soi1 quality. Based on the 

resdts of the geomorphic context of the sites, the propwics of UC can be used as a 

baseline for the other upper slope sites, but cannot be reliably used for the lower dope 

soils and those of the Kugri hi11 catchment. 

The Limitations to the use of UC (and LTFI) as a reference site for 13'cs 

concentrations are not as severe. One of the assumptions of the '"CS technique is that 

the 13'Cs concenrratiow in a local area nflcct precipitation inputs, rather than soii 

conditions. This assumption has certainiy ben the source of considerable discussion 

over the years but the assumption that the reference b e l s  at UC and LTF2 cari be 

extrapolateci to ùie local area is consistent with the literature on the use of 137~s. 

5.3.3 Soil colow 

Soil colour varies with slope and chinage conditions. From the weii drained 

upland soils (UC, LTFI, ABF1, STF1, and CF1) to the very poorly drained vaiiey 

bottom soil ( S m ,  CRF), colom changed fiom bright reddish brown to bluish grey. The 

red colom iadicates gwd drainage and the type of iron m the soiL The reddish brown 

or brownish rui colours denote a non-hydratcd Fe oxide in tk so& hematite (Fe@$ 

(Ahn, 1974). In the poorly draincd midslopes and Io w u  slopes (ABF2, ABF4) soils are 

brown or yehw in coioar. This is due to the presence of hydratai iron o d e s  mainly 

goethite and h n i t e .  Where drainage is vcry poor and the water table fluctuates and 

ail or part of the profile is wataloggcd, nducàon of iron and othcr compounds becornes 

the predoraniant proces. The colours typicai of redudn conditions are bluish grey, 

greenish grey and natural grty as was observai in CRF. Wh= wateriogging is 

intermittent or seasonai, instead of a d o m  grey colour, mottlcs are produced as was 

obsnved m des A3F2, ABF4, (3% and STEiL. 



Oxides of Fe and Al and som highly tesistant minerais, either inherited or 

aansformed h m  the parent rock, are the rnost common minerais found in highly 

weathered soiis of the aopics (Schwertiilann and Herbillon, 1992). h n  o d e s  can 

occur in the mik as fine graine& pooriy crystalline or amorphous materials which 

becorne crystalline at high temperatures (Sherman et ai., 1964). in the amorphous form, 

they influence soil properties such as surface charge, specific surface area and 

aggregation. An important influence of Fe oxides in these soiis is the increased P and 

micronutritnt soxption capacity (Abckoe, 1996; Ticsen et ai., 1993). Fe oxides aho 

Muencc magnetic susceptibility of sails (Mulüns, 1977; Vadyunina and Babanin, 

1972) a propnty that is used to trace sediment source and rcdistributhn as well as to 

assess pedogenesis. 

Dithionite-citrate-bicarbonate @CB) extractable-Fe (Fe.) and oxalate 

cxtractabk-Fc (Fe,,) were mcasured to determine the relative amounts of the amrphous 

and crystalline Fe-olride (Table 5.2). Fa was greater than F% for al1 sites. The higher 

Fed at aii sites in this study is an indication of the predominancc of crystalline Fe-ode. 

The high t e m p a a t ~ ~ ~  and the proIongcd dry season prcvalent in the savanna zone of 

West Africa may bc rcsponsiblc for the higher amont of crystalline Fe fiactions in 

these mils (ho  et ai., 1974). Drying at elevated temperatures causes the poorly 

crystalline Fe to dehydrate and dcvelop grtater crystallinity- 

The mil fines at CF1 had the highest Fed content. This is consistent with the 

high amount of concretions in the imik soii. The main constituent of concretions or 

nad* is Fe o d e  with variable amounts of sabstitnted Ai within the structure 

(Sherman ami Kanchiro, 1954; T i n  et ai., 1991b). Bulk mil with a high amount of 

concretions is therefore expccted to have high crystaiüne Fe o d e  contents. 

Characteristcaiiy, concretions or noduies contain substantiaiiy higher Fe o d e  

than the sturoandUig soi1 (Tayior aad Schwemiriann, 1974). In the mils h m  aii the 



sites, the concretion Fed was about two to ten thes p t e r  than the Fa of the sail fine 

and much greater than the coxresponding Fe,, (detaikd data not shown). The man Fed 

of the concretions WU 83.2 g kg-' and an average value of 7.6 g kg" measured in the 

soil fines. However, Fe,, of the concretion was lower than that of the soi1 fines. The 

highest value of Fe,, for the soi1 f ies  was 3.4 g kg" and that of the concretions was 1.3 

g kg*'. Oganuga and Lee (1973) reparted similar findings from soils of southwestern 

Nigeria 

The greater amount of FQ compared to the Fe,, in the concretions is also 

awibuted to the crystallinity of iron oxide in these concrethns, which is consistent with 

reports that the main component of fcmiginous nodules are goethite and hematite 

(Tiessen et ai., 1991b). In addition to the concretions, other factors such as the drainage 

condition as weil as soii temperature could influence transformation of Fe o d e s  in 

soüs. Ambic conditions and high temperatures associated with buniing encourage 

nansformation of amorphous Fe to crystalline Fe. 

The Feo/Fed ratios rangcd h m  0.03 to 0.42, which is consistent with values 

reponed for different parts of the tmpics (Juo et al, 1974; Ogunsola et al., 1989; 

Agbenin, 1992; and Abekoe, 1996). The ratio of FG to F a  is an important measurc that 

can be useû to characterize a numbcr of important propcrties of the mil. According to 

McKeague and Day (1966) the Fe ratio can be uscd as a relative measure of crystallinity 

or aging of the fke Fe-odes and thettfore soil dcvelopmcnt. Younger soils have 

higk  FeJFtd ratios than older soiis. The Fe& ratio is n o d y  Iess than unity, and 

approaches zero in older tropical soiis (Alexander, 1974). Alexander (1974) classified 

soils with Fe ratio above 0.35 as young soils and bclow O 2  as oM soils. Thcy can also 

be used to characterize drainage conditions of the soi1 Stonehouse and StArnaud 

(1971) used the Fe ratio to distinguish between weii drained and poorly drained soils, 

weii-drained sails had values kss than 0.35, and poorly drained soils had values -ter 

than 0.35. 
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Tiie results of this study supportcd the usefulness of the Fe ratio in soil 

classification. The sites (UC, LTF1, STF1, ABFI, CF1, LTFS, ABF3, and Cn) on the 

upper dope position of the Varempere association have Fe ratios less than 02.  The low 

Fe ratio meastxred on the upper slope positions is an indication of a prepondcrance of 

crystalline Fe-oxide is consistent with reports that the upper dope positions are 

occupied by O&, weii-drained soiis (Section 2.2.2.1). 

The sites on lower dope positions (AB=, ABF4, Sm, and CRF) had higher 

Fe ratio vaiueq which is consistent with their drainage condition. STF2 and C M ,  

which have the highest values, occur in dope positions that experience seasonal water 

logging and are therefore used for rice cultivation. ABF4 and ABF2 are also poorly 

drained despite the sandy nature of the mils as was indicated by the mtties within the 

lower horizons of the soil prohles. In these lower slope positions, the anaerobic 

conditions and or organic matter accumulations slow down the process of Fe-oxide 

transformations causing the Fe-oxides to remain in d y  extractable forms; hence the 

high Fe& ratio (Schwerunann, 1966; Blum and Schwerunann, 1969; Fie and 

Singer, 1989; Moore, 1973). The high Fe, in these lower slope sites rriay also a reflect 

their younger age because Fe, provides a measure of accumulation of amorphous 

products of ment we-athcring. This is pbably the exphnation for the nlatively high 

Fe ratio recordai for ABF5 and ABF6. These two sites are Iocatcd in the vaiiey and the 

mils are thereforc young. 

The magnetic susceptibiiity rcsuits followed similar trends to the Fe oxide 

distriiution (Tblt 5.3). U p p  dope soiis, with high amounts of concretions and Fe 

oxide, had highcr values than middle and Iower slopes. This trend is to be expected 

because there is a direct ationship between rnagnetic susceptiity rrnd Fe o d e  

content. The dcgree of mgnetic activity exhiiitcd by a soi1 sample depends on the 

rnagnetic propertics of its constituem. Constituents of importance are f-gnetic 

minerais such as magneth and maghcrriite (Oades, 1%3). 



The hquency dependence of magnetic susccptiiility was closely related to the 

low fkqucncy rnagnetic susceptibility and d e d  h m  upper to Iower dope 

positions. The fiequency dependence of the magnetic susceptibiiity r e k t s  the 

concentration of very fine fenimagnetics, which are of pcdogenic origin (Rie et ai., 

1989). Fine et a .  (1992) found a significant positive relationship between magnetic 

susceptibility and FQ content, which was assained to be a rneasure of pedogenesis. 

Oid soils found on the upper dope positions have high amounts of f e g n e t i c  

materials tbat are concentrated in concretions and nodules. To detennine the level of 

rnagnetic enbancement of the concretion a selected quantity of concretions, stratifkd by 

site and size, were ground and theH magnetic susceptibility measured. The degree of 

magnetic enhancernent appeared to be relateci to the size of concretions. In the 

uncultivated site, the smaiier grained concretions were more magneacaily enhanced 

than the larger rough shaped ones (detailtd data not shown). The m e  concretions at 
-8 3 this site had magnetic susccptiiility vaiues abvc 200x10 m kg-', and the large coarse 

-8 3 conQnions had vaiues about 30x10 m kg-', whiie the moderately coarse ones 
-8 3 measured about 50x10 rn kg". At sites (AEF1 and STF1) wherc iarge coarse 

concretions prcdominate, the average mgnetic susceptibility for the concretions was 
4 5 about 27x10 m kg". 

According to Tite and Mullins (1971) barning of vegetation and high organic 

mattcr are important in transforrning magnerically weak niateriai into feflmagnetics 

such as mghemite. The combustion of organic compotmds produces a reducing 

atmispherc which lads to the aansfomtion of wcakly magnetic iron oxides 

(wcatkhg products) et ai., 1989). Goethite and hematite are converteci to 

magnttiie, which may in tuni O* to maghemite when air entas the soi1 upon 

cooling (Mutsusaka and Sherman, 1960; Muilins, 1977). ûrganic matter and its 

decomposition products are highly efféctive in mobiiizing iron, regardiess of soii type. 



Table 5.3. b w  fnquency magnetic suscepa'bility (Xq) and absolute fkquency 

dependent magnetic susceptibility G d ) .  Vahes shom are man and standard deviation 

Site 0-10 cm 10-20cm 0-10 cm 10-20 cm 

uc 
LW1 
STFl 
ABFl 
CF1 
L m  
STF3 
CF2 

ABF3 

MF2 
MF4 
Sm 
CRF 

ABFS 
ABF6 

Vmempere association- bwer dope 
11.1 (126) 8.6 (15.3) 1.0 (1.3) 
7.7 (4.2) 2.7 (0.8) 0.6 (0.4) 
14.5 (4.6) 8.6 (3.0) 1.0 (0.3) 
10.5 (1.7) 12.0 (1.1) 0.4 (0.2) 

Ku@ hiil catchment 
12.7 (25) 10.5 (4.6) 0.8 (0.3) 
23.3 (8.2) 17.7 (9.3) 1.3 (0.7) 

ABF7 23.3 (9.4) 21.0 (9.1) 2.1 (0.8) 2.0 (0.9) 
Native site (UC), Active Bush Farm (ABF), short-term fdow (STF), Iong-term fallow &TF). 
Caaipauid F m  (CF) and Compound Rice Farm (CRF). 



The decomposition of organic matter may enhance magnetic susceptibiiity at the soil 

surface by releasing up to 3% of the total soii iron. High organic matter content and 

hetcrotrophic microorganisms near the surface may promte the formation of 

ferrimagnetic mincrals. Thus in aerobic soils, the bulk of magnetic susceptibility is 

associated with the Ah or Ap horizons whcre the released ferrous iron can be reoxidized 

to its f& fonn and resultant mineral species. The influence of extensive burning and 

organic rriatter additions on the magnetic enhancement of soils was apparent in site 

CF1. At CF1, the moderately coarse sized concretions sirnilar in size to those found in 
-8 3 UC (mentioned above) had values ahve 300*10 m kg1. CF1 is a compound farm 

that receives high amounts of organic manure, household ashes and the frequency of 

burnUig is also high at this site. 

Where the F e 8 ~  ratios are more than 0.2 (ie., indicative of reducing 

conditions), the XE values are ail less than 40, and &d values are less than 4. Given the 

ease of magnetic susceptibility measurements, this is a useful finding that indicates that 

rnagnetic susceptibility can be used in combination with field descriptions to 

characterize drainage conditions of fields. 

The magnetic susceptibility rcsults do not indicate the occurrence of soii 

deposition in the Iowa slope sites. The siirface sol incnmnts of the upper sIopt sites 

c k l y  show considerabiy higher values fOrXg.andXafd tban the four iower dope sites. 

If deposition of the magneticaliy enhanced sediment fmm the upper dope sites was 

occnrring in the lower slope positions, we shouki h d  a hyer of higher & and Xafd 

sediment overlying the lower &and X4, siirface mils in the lower slope positions (as 

kund by de Jong et d, 1998). The absence of this matcrial suggests that either lit& 

erosion of the upper slope soils is occmring or that the sol that is being eroded is not 

king deposited at the Iower slope sites. 

5.3.6 Concmiion Content and Dtpîh & Concmtions 

The concretions present in the mil are a major criterion useû by locai fafmers to 

assess the qnality of the soii (as discussed above in section 4.2.1.1). Their qualitative 

classes range h m  zigikuga (high concretion content soils whcre grave1 content is 



greater than the fines) to lower-slopc zigikoba soiis with very low grave1 contents. This 

iattcr class is regardeci as the bcst soils by the local farrrrets. 

nie soiis are comrmnly conctetionary, with the amount and depth to 

concretions dependhg on dope position (Table 5.4 and Fig. S. 12). The soiis hom the 

upper slopc sites of the Varempue association gcneraiiy had high amounts of 

concrctions. Conmetion contents in excess of 40% occurred within 20 cm of the surface 

at sites STF1, LTF1, ABF1, CF1, STF3, and LTF2 (Fig. 5.12). At sites STF3 and 

L m ,  the high concretion content of the surface soiis is further exacerbated by the 

presence of concretionary bouiders and complete plinthite covers within the extent of 

the surveyed sites. 

Cultivation exposes the concretions to the surface. The topsoil of the 

uncultivated site (UC) did not have as many concretions as the cultivated sites within 

the same landscape position. For example, CF1 has about 40% concretion by weight in 

the 0- to 10-cm layer and 58 % concretion in the 10- to 20-cm layer. This site is a 

compound farm that had been in continuous cultivation for generacions. At the surface, 

the concretions are spherical in shape and kss tightly packed, possibly as a result of 

selective cemovai of ûncs by erosion. 

The Iowa dope soiis of the Varernpere association have low or non-existent 

concretion contents to at least a depth of 50 cm (Ergurc 5.12)- The lack of concretions 

in these soils and thcir prcsence in the upper siope mils suggests that the landscape has 

expericnced sevual cycles of erosion (Oiücr, 1991) (Section 2.2.2.2) because 

concntions are expectcd to be fofmed in poorly draincd conditions. 

At site ABF7 in the Kugri hi11 catchment, the concretions and gravels are inter- 

mixai in a distinct colluvial stonehe rather than king distributeci throughout the 6ne 

rnatrix such as the uppcr dope sites. At sites ABFS and ABF6 the concretions and 

gravels occur dispersed througham the loose soi1 matrix ovcrlying the saprolite. 



Table 5.4. Paccntage concretions measarcd in the two samphg depths. Values are 
mean and standard deviation (shown in bkets). 

Concretion content (9%) 
Site 0-10 cm 10120 cm 

- 
pp 

Native site (UC), Active Bush F m  (ABF), siiort-tenu faow (STF), Iong-wm fallow (Lm, 

Compound F m  (CF) and Compound Rice F m  (CR,. 



Figure 5.12: Dtpth distribution of concrttion contents of the fully dcscribed central 

profiles at cach site. The classification of concretion content was done according to 

FA0 guidelines for soi1 description as foliows: 1) comrnon (5-15 46 concretion); 2) 

many (15-40 46) concretion; 3) ahdant (40-80 96 concretion) and 4) dominant (more 

tban 80% concrction by weight). 



5.3.7 Reuifionship between Iion Content, Mttgneric S I I S C ~ ~ ~ W & ~  and Concretion 

Content 

The resuIts discussed above suggest that there is a relationship between 

concretions, Fed and magnetic susceptibiüty. These relationships were explored 

quantitatively using simple Pearson corrclations m n g  the man values of each 

property at each site. 

O v d  the FQ content of the soiis is strongly zGlated to percent concretions and 

especially to the Xyand X,+ values at the sites for both depths sampled Fable 5.5). The 

two magnetic suscepuity masuremnts are strongly comlated with each other, and 

are closely related to the iron mincralogy of the sites. The XfandX4d values are higher 

in the magnctically enhanccd upper slope soiis, and are lowest in the less weii drained 

Iower slope positions. Hence magnetic susceptibility in these landscapes can be used as 

simple sunogate for the iron statas of the soii, which is a dominant pedogenetic 

characteristic of these landscapes. 

Generaiiy, the higher the percent concretions in the two depths, the higher is the 

FQ content of the soi1 As discussed earliu. this finding runs counter to the idea that 

concretions form in poorly drained conditions - the percent concretions had a 

significant inverse relationship with the iron ratio. As was noted earlier, where the 
-8 3 Fe& ratios are mon than 0.2, the XK values are ai l  lcss than 4W10 m kg" and Xd 

values are k s  than 4*10'm3kg-'. Thus mgnetic susceptiùility cm bc usd to 

differentiate betwcen wtii  drained upland mils and soils in the lower slope position. 

Where drainage conditions are poor, magnetic s u s c e p t i ~ y  is lcss than 20*10~rn~k~-'. 



Table 5.5. Pearson correlation coe&cieut and two-taiied significance test for 

relationships between inherent soi1 properties at the research sites. Correlations are 

assesseci on the mean values for the properties at each site (N=16). 

kg-' kg-l 

10 tu 20 cm 

Percent 1 .O00 
Concre- 

tions 

Fed -56 1 .O00 - - - 
.O23 

Feo -.47 -.Mi ~.oOO - - 
.O67 -99 

Fe- -.77 NC NC 1 .O00 - 
.O00 

Xir .69 .87 -28 -.68 1.000 - 
.O03 .O00 291 -004 

LI .74 -79 -.36 -.77 .98 1.000 
.O01 .O00 -170 .O01 .O00 

1: Correlations are nat sfiown between the h a  ratio and Feû or Feo because the irrm ratio is 

deIived~iheaetwopopcrtics 



The corrclation of thcsc two propaties again indicatcs the complex nature of soii and 

landscapc fomtion in this region, 

5.3.8 Pmticle s i ,  m u î i o n  and bu& &m#y 

The pardcie size dismition showed thai the soils are sandy (Table 5.6). Mean 

value for sand content was over 50% for aü profiles except those of Sm, which were 

about 35%. Mean silt content variai between 10% to 40% whïk rnean clay content is 

betwecn 34645%. 

The generaliy high sand content is typical of many mils in this region. The 

underlyiag rock is @tic in nature (Mu, 1969). Granites produce very sandy soils 

upon weathering. There were ciay hlms in some subsurface horizons, which may be an 

indication of clay illuviation. These smail increases in clay may compound probkms of 

hard pan that art cornman in subsoil in the region and may inhibit root developmnt, 

thus preventhg crops h m  withstanding even moderate drought conditions. 

The soils h m  STF2, A3F5, MF6 and CRF have higher cIay content cornparcd 

to the other sites. This trend is again related to the position of thcse sites within the 

landscapc. Both STFZ and CRF are h t e d  in bwcr dope concavities and ABFS and 

ABF6 are in the Kugri hi11 catchment. ABF2, ABF3 and CF2 have very low clay 

contents and are situatcd in a ntid-dope position whcrc erosion is probably ~ m v i n g  

fine sized particles sclectively and kaving the coam h g  behind. This is typical of the 

long, gently sIoped Iandscapes in the uopics (Ah, 1974). 

G e n d y ,  the bu& density values arc high (Table 53).  This is relatd to the 

sandy nature of the soils and the bw organic wbn content of the SOL Coarse textured 

soils have hw pomsity in spite of a large average pore size. Conversely, the total pore 

volume of fie-tamrted soih tends to be iarge and the balk density values 

correspondingly low. STF2, which had the highest clay content, had the lowest value 

for buik density (1.3 g cm*? whust CF2 and ABF4, both of whrh had vuy high 

percentage of sad fiaction, hsd the hi- vdues (1.7 cmm3). 



Table 5.6. Particle sizc distribution of smface O- to 20-cm depth of the soils. Values 
sbown art mcan and standard deviation (in brackets). 

Partide si= distribution (96) 

site1 Sand Clay Süt Sand -Y Silt 

UC 
LTFl 
STFl 
ABFl 
CF1 

LTF2 
Sm 
CF2 

ABF3 

A B n  
ABF4 
STF2 
CRF 

ABF5 
ABF6 
ABF7 

Varempre tassockîbn-iower skbpe 

74 (8) 6 (1) 19 (7) 77 (4) 
79 (5) 5 (1) 16 (5) 78 (3) 
35 (17) 25 (7) 40 (12) 36 (11) 

58 (Il) 14 (3) 28 (11) 54 (7) 

W 4 )  5(1) 13 (4) 79 (5) - .  14 (5) 
'~ative sicc 0, Active Bush Farrn (ABF), short-tcrm Faiiow (STF), long-term 
FaUow (LTF), Compotmd Farm (CF) and Compound Rice F m  (CRF). 



Table 5.7. Bulk dcnsity of the bulk soil and bulk density of soü fines (cotrected for 

presencc of concretions) and  ma^ of soil finies pr cm3 bulk soiL 

BI& density (g cm', 0-10 cm depth) 
Site ~otal' Fime soit Fine soi? 

Vamnpen association-Upptrîmid slupe 
1.57 (0.13) 1.52 (0.13) 
1.67 (0.11) 1.51 (0.10) 
1.70 (0.12) 1.53 (0.12) 
1.84 (O.la 1.45 (O. 18) 
1.79 (0.08) 1.50 (0.10) 
1.71 (0.13) 1.50 (0.22) 
1.74 (0.08) 1.58 (0.16) 
1.71 (0.11) 1.66 (0.13) 
1.55 (0.09) 1.51 (0.09) 

Vmmpere ~ssocicrlion-bwer sbpe 
ABE 1.62 (0.08) 1.61 (0.08) 1.60 (0.07) 
ABF4 1.72 (0.07) 1.71 (0.07) 1.69 (0.07) 
STF2 1.31 (0.13) 1.29 (0.12) 1.26 (O. 1 1) 
CRF 1.64 (0.17) 1.64 (0.17) 1.63 (0.17) 

Kugri RIU catchment 
ABFS 1.49 ( 0.14) 1.38 (0.13) 1.24 (0.15) 
ABF6 1.45 (0.16) 1.41 (0.59) 1.35 (0.15) 
ABFI 1.58 (0.13) 1.53 (0.15) t .46 (0.17) 

' Total msdïotal volume, Mass of soii hnc/Vohmt of soii fine, Mass of finflotal 



Apart fiom texture, organic matter also affects the bulk density. Organic matier 

contributes to lowu bulk density by encouraging highcr porosity through soi1 

aggregation or by reducing the average density of the soil particles. The effect of 

organic matter could be the explanation for the lower bulk density value of CF1 despite 

the high sand and concretion content. CF1 had relatively higher SOC than CR, which 

is refiected in the relatively Iowa bulk dcnsity value recorded for CF1. CF1 was a 

compound farm that belongs to the chief of the village and his farnily. Comparatively, 

this family has access to more organic m u r e  for the farm because of the larger 

number of livestock owned by the household. 

Concretions increase the buik density of soils in the same way as coarse-sized 

particles and rock fragments without necessarily increasing the associated fine earth's 

bulk density. For the interprctation of the behaviour of a soi1 with very coarse sized 

particles such as concretion and rock hgments, it is important to distinguish between 

total bulk density of the soii and the bulk density of the fine earth (Poesen and Lavee, 

1994). 

According to Poesen and Lavce (1994), as warse fiagrnent content increases, 

totai buk density increases to nach a maximum beyond which it decreases. Contrary 

to what was observed in total bulk density, fine earth density decreases linearly with 

increasing coarse fragment content, 

The difference bctwccn the total balk density and the fine soi1 buk density 

vaiues obcained by corrccting for concretions connnned the above observation. Total 

bulk density values werc greater than fine earth balk density in aU the sites, especially 

for CR, ABFl, and STF1. A number of explanations can be offered for this negative 

relationship. Large sized parricles inttoduce voids, which d u c e  the fine earth bulk 

density. Also, decaying organic matter, fertilizer, and and water tend to be 

coucentrated into smaner volume of fine earth, dccreasing mass of fine earth and thus, 

Ieading to a nduction in the fine earth btùk density (Childs and Flint, 1990). 



Landscape-sale research is often subject to extemal influences that the 

researcher may not be able to accommidate with a particular sampling plan. One 

important extemal influence is the spatial variability in soil properties within each 

resemh site. Spatial variability within soi1 propertics can ùe divided into two 

categories: ranâom variability and systematic variability. Radom variability i s  

unpredictable and the niechanisms that influence variability have either no spatial 

component or the spatial cornponent is not wcii understood Systematic variability on 

the othcr han& is predictable if the pedogenetic pathways at the sites (which are its 

major conml) are weU understood (Haii and Olscn, 1991). By understanding the tffect 

that landscape positions have on the soi1 development, the mearcher is able to select 

research sites such chat variability due to landscape c m  be easily accounted for, 

especially with macro-scak variability. Systematic variables that occur over reiativdy 

short distances (micro-scale) are, however, not easy to conml at farm level. 

Landscape-scde research, therefore, requirts an assessment of spatial variability within 

field 

Particle size distribution and bulk density wcrc the least variabie properties 

varying little among and within sites, The coefkients of variation recorded for these 

properties are much Iowcr than what was reportcd for most temperate soil For 

temperate soils, Wanick and Niclsen (1980) reponed CV of 28% for sand, 32% for silt 

and 36% for ciay as acceptable lunas of variation within a study field La1 (1985) 

indicated that limited variability is comminly observed in surfacc soils of the semi-and 

mipics because of the highly weathctcd nature of the mils of the region. 

Percentage concretions, iron oxide content, and magnetic snsceptibiiity were the 

m s t  highly variable propereics (Table 5.8). Concretions are of pedogenic origin. They 

occur at dcpth and the de- of exposure is rclami to temival of surface SOL 

However, there are stmng indications h m  the pronle descriptions that they do not 

occm at a consistent depth undcr a d r m  thickness of soil in mst sites. Because of 

the irregular aatart of theit occmncc, then is variabiiky in the rate of exposnrt. 



TabIe 5.8. Coefficient of  variation of inhcnnt soi1 properties. 

Coeflscient of Variation (96) 
Fie 4 

Site Bulk ddty Sand Clay Silt 

UC 
LTFl 
STFl 
ABFl 
CF1 

LTF2 
STF3 
CF2 
ABF3 

Vmcmpere associafion-bwer sbpe 
ABE2 5 11 17 37 
ABF4 4 6 20 3 1 
STF2 10 46 28 30 
CRF 10 19 2 1 39 

Ku@ hill catchment 
ABFS 9 8 40 31 
ABF6 Il 18 38 40 

ABF7 8 5 16 31 



Table 5.8 cont. Coefficient of variation of inhcrent soi1 properties. 

Coefficient of Variation (%) 
Percent Magnetic 

Site concretions F% F% susceptibiiity 

UC 
L m  
STFl 
AB FI 
CF1 
L m  
Sm 
CF2 

ABF3 

ABF2 
ABF4 
STF2 
CRF 

ABFS 
ABF6 
ABF7 



For example, CF1 was in a position of the landscape wfierc high amounts of concretions 

occur with homogenous distribution. L'IF2 and Sm, on the other hand, had high 

concretions at a range of depths within fie16 These two sites were located close to a 

flood plain with iron pan exposed within various parts of the field. This micro- 

variability may have produced localized areas of erosion and areas of deposition within 

the field. There are many locations (micro &pressions) where "concentration flow" 

may occur during the high magnitude ninoff events associated with this region 

Over dl, the highest CV (ranked by individual properties) was oùserved in the 

following sites: ABFI, ABFS, ABF6, LTF2 and STF3. ABFl had many anthills that 

produced a highly variable micro-relief of the site @Eh¶ Fig. 5.6). ABFS and ABF6 

are located in the valiey king fed by Kugri hill, as such, they are actively undergoing 

erosion and deposition receiving as was evidenced by the particle size separation 

discussed earlier. The high variabiy in LTF2 and STF3 is related the presence of 

concretionary boulders and to the localiztd artas of exposed iron pan within various 

parts of these fields. 

5.3.M Swnmmy of the lnhemnt PmpcrtUs 

The sixteen study sites were placed in three broad groups based on the inherent 

properties. An o v d  relationship cxists at the study Iaradscape between inherent soil 

properties and dope position. The thrte groups that cmergcd from the previous analysis 

are the upper slope sites, lower slope sites and the Kugri hiIl catchment sites. The upper 

and Iowa slope sites bclong to the Varempm soil association, whereas the Kugri 

catchment sites (transect 5) bebng to a Merent association. 

UC, ABF1, STF1, LTF1, CF1, ABF3, CE, LTF2 and STF3 were located on the 

upper slopc positions of the Varcmperc soii association. ABFî and ABF4, STF;r and 

CRF were located in lower slope positions of same association. ABFI, ABF6 and 

ABFS are entirely diffmnt h m  the rcmaining des. Thcy are f o n d  in local 

aiiuviums derivcd h m  the Kugri catchment. 



The upper dope sites are donrinated by thinner, concretionary mils. The amount 

of concretions mcasmcd in the mils h m  these sites was high. The lower dopes are 

generally occupied by relatively thick mils with Iimited coacretions. In terms of 

moisturt status, the uppcr landscapc positions are subject to dricr conditions than the 

lower landscape positions. Topography induces water redistribution through its effect 

on drainage, surface and subsnrface water flow, and lateral fiow of shalIow ground 

water that recharges in localued dcprcssioos. The upper dopes are weii drained 

whcreas the micicile and lower slopes are poorly draine.. This is consistent with the 

colour of mils in the diffant gmups. Cobur of the soils at the upper slope sites were 

bright reddish brown indicating the p e n c e  of hydrated Fe oxidc due to tht good 

drainage conditions of the soil. The tawcr slope sails wcre bluish grey indicating 

reducing conditions. 

The upper slope sites had higher armunt of dithionite-extractable Fe compared 

to the sites on the mid/iower dope positions. High measures of dithionite-extractable 

Fe are a reflection of high amomts of crystalline Fe. Feo on the other hand, was lower 

for the upper siope sites than the Iowa dope sites, aikit with a smaller range. A h ,  

there was a clear relationship between the lamiscape and the FeotFed ratio. The values 

for the qper slope sites were k s s  than 0.2 while the Iower dope sites were more than 

0.2. The magnetic susceptibility dues wtre also W c a p e  relata Upper slope sites 

were domuiatcd by soils with high magnetic sus~eptiiility~ Lower slope soils had lower 

magmtic susceptibilitics. 

The soils h m  the Ku& hi11 catchment ciiffer h m  those of the other research 

sites. Sites ABFS and ABF6 are iocatcd in an active collwial surface while ABF7 is 

located on the flank of the bed Thc saprolite at these sites is quite ciose to the &ce 

at about 20 to 30 cm h m  the d e .  A3F7 for example, has a Stone Iùie overlying 

saprolite, while ABFS and ABF6 show activc deposition and erosion feanrrrs. In the 

succceding chapters an data arc pmmtcd according to these pupings. 



6. SOIL REDISTRIBUTION AND DYNAMIC SOIL PROPERTIES 

6.1, SoiI Redistribution 

Soii tedisaibution is a major detcrmhant of the magnitude and direction of 

changes in soi1 quality. The mil loss process removes surface soi1 bom the point where 

the erosion is occurring, while the deposition component can bury che surface soii at the 

point of deposition or the soii leave the site and pollute rivers. The erosion process is a 

primary control of soi1 quality because each time soii is lost part of the organically rich 

surfgce soi1 is lost and the B or C horizon matcriais are incorporateci into the plough 

Iayer (Pemock, 1997). This is especidy miponant for soils with l es  productive B- 

horizons as fiequently encountered in the semi-arid tropics. In these enviromnts, the 

study of soi1 erosion is very important to soi1 quality evaluation. Hence, the study of 

erosion using the '"CS technique was an important component of this study. 

6.1.1. The local"'~s rcfemnce inventory 

The use of '"Cs technique requins a locai refuencc point for estimating the 

rates of erosion and deposition The refcrcnce fiilout inventory is typicaily established 

fiom long-tam uncuitivatcd sites. The use of an uncultivateci site as a refercnce assumes 

a locaiiy unifonn fallout distribation (Walling and Quine, 1995). Because this 

assurnption is difkuit to test retrospectively (Waüing and Quine, 1995). the reference 

sites selected must be very close to study sites. Identitication of suitabie reference sites 

is often problematic especially in intensively cuitivatcd regions such as northeastern 

Ghana Two appropriate locations were identifîed and sampled. The h t  reference site 

(UC) is an uncuItivatod savanaa woodlaad and the second reference site (LTF1) has been 

in fanow for about 50 yean and has degraded savanna woodland vegetation. Anaiysis of 

these sampIes provided an estimate of the local reference inventory (Fg. 6.1 a & b). 



a-in [acvlkel 
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F i p  6.la Depth and spatial distribation of '% wahin reference site #1 (UC). The 

depth inrrenients are 1 (O to 5 cm), 2 (5 ta 10 cm), 3 (10 to 15 cm), 4 (15 to 20 cm), and 

5 (20 to 25 cm). The 2C 3C etc. c& rtfer to the iadMdud sanipihg points. 



Figttre 6.lb Depth and spaW distribution of % w i t b  reference site #2 &T'FI). The 

depth increnients are 1 (O to 5 cm), 2 (5 to 10 cm), 3 (10 to 15 cm), 4 (15 to 20 cm), and 

5 (20 to 25 cm). The 2C, 3C etc. codes r ck  to the mdividuid sampiing points. 



137CS A high degnc of spatial variabiiity in was noted for the two refcrence sites. 

The dqth cümi'bption of '"CS h m  UC @g. 6.la) shows retention of 83% of 13'Cs in 

the uppcr 10 cm and a sharp d e c h  in activity below this @th. The O- to 5-cm depth 

had 50% of total retention whik the 5- to 10-cmdcpth had about 33%. The 13'cs 

inventory value was between 4 to 10 BQ kg" and dccrcascd with @th. At samphg 

point 4C the concentration of lncs in the second depth (5 to 10 cm) was higher than 0- 

to 5-cm depth. An anthil1 close to this sampling point may have created a micro 

backslope, which facilitateci mvemnt  of s o l  

The depth d u t r i i o n  of 13'cs h m  the second refercnce site (Tg. 6. lb) was 

broadly sirnilar in form to that for the k t  rtference site, although one diffcrence may be 

obsc~ed.  A sharp &chc occumd at below the 5 cm depth (67% of the total inventory 

was above tfus depth). Variability within the second reference site (LTFl) was greater 

with values ranging from 0.81 to 11.5 Bq kgeL. The lowest values were found at site 2D. 

This sampling point was subsequently i d e n M  by viiiagers as a site for ritual sacrifices 

and burial and thcreforc had bcen subjected to extensive disturbance. This point was 

removeci h m  subseqnent data anaiysis. 

The characteristic sharp dCCiine in lnCs activity with increasing depth indicater 

minimai downward translocation. Th- profile characteristics support the assumption 

that the majority of minerai soiis have the capacity to adsorb and immibilize fallout '"CS 

(Waning and Quine, 1995). This finding is cspccially important for highiy weathered 

soils that have iow cffcctive cation wtchauge capacitics relative to temperate mgion soiis. 

The highcr concentration of ccsinm in the uppcr O- to 5-cm at LTFl than at UC, could 

b due to the shallow nature of mil. 

The total ccsim Ioad at UC is about 893 Bq m2 with coefkient of variation of 

about 24% (Tabk 6.1). The total bad at LTFl is siightiy Iowa ('780 Bq m.') with a CV 

of about 27%. 

Tabk 6.1. Areal a~tivity of % (Bq m2) în the tCfECMlCe sites. Values shown are means 



Table 6.1. Areal actMty of I3'Cs (Bq m2) in the refercnce sites. Values shown are means 

ami standard deviations (in ùrackets). 

Lcmd (Bq ma) C V  

De~th (cm) OC LTFl UC LTFl 

0-5 439.6. (109.4) 542.7' (156.5) 24.9 28.8 

5-10 308.7' (102.8) 162.6~ (66.9) 33.3 41.1 

10-15 90.5' (41.3) 5 1 .4b (34.6) 45.6 67.3 

15-20 37.3' (12.6) 15Sb (10.7) 33.9 69.0 

20-25 17.0' (12.6) 7.3' (8.4) 74.1 115.1 

0-25 893. 1' (214.7) 779.6' (206.5) 24.0 26.5 

Means with the same letter in a given row are not signifkantly dinerent (a = 0.10 and 
0.05). UC= native site, LTFl= 50 years Long-tenn Mow. 

These values are l es  than 50% of those reported by Abekoe (1996) and 

Chappeli et ai. (1998) for Northem Ghana and Niger, respectively. Abekoe (1996) 

reported a vaiue of 2267 Bq ni2 h m  a hùhck in the Northem region of Ghana whereas 

Chappeli et ai. (1998) reponed 2066 Bq ~2 as an estimation of the local reference value 

h m  Niger. These high values might bt niated to the iimited number of simples used 

a d o r  the aeoiian dust trapping capabilitics of the sites uscd in these two sttxdies. The 

sites used in their studics wut  isolated p v e s  with dense trce cover, which have high 

cap* for trapping U7Cs-rich awiian matcriai. This W refïected in the particle 4zc 

dism'buton of the mils studicd by the above researchers. Abekoe (1996) reported 51% 

sand, 33% silt and 16% clay for bis refcrcnce site. Chappeli et aL (1998) found a high 

positive çonehtion bctwcen silt content and 137Cs. These resuits, howevcr, indicate the 

need for detaiied study to obtain refetencc '% values for the region. 

The o h e d  coefncients of variation (15-35%) for cesim at the reference sites 

are within the mdcrate variabiiïty category of Wilding and Drccs (1983). Cornparison of 

the mcpn "'(3 dcpth dism'bution of the two sites showcd that there are signiscant 

differences between the two sitcs at aii dqths at 0.05 levd of sigriificance, except the 

Iast depth whexe the di&tence is significant at oniy the 0.1 IweL There is no signiücant 



h m  the two sites was adoptcd to o v m m  the considerabie d o m  variibility in lncs 

ared activity in soils (Sutherland, 1994; Basher et al, 1999. 

The dcpth distribation of *'CS in the cultivated sites was also characterized by 

very high concentrations in the uppcr O- to 10-cm Iaycr, then a sharp decrease fig. 6.2). 

Four out of seven cultivated sites on the upper and middle dopes of the Varempere 

association had lost I3'cs compare. to the reference inventory. The '"CS Ioad in the 0- 

to 20-cm depth for th& group of sites varied fiom about 364 to 846 Bq m*' (Table 6.2). 

The highest iosses were recorded m the compound farms (CF1 and CF2), wtiich are 

consistent with the faming practices. As d i s c d  earlier, compound farms are 

permanent cultivation systenis whae no k d i t y  ncovuy time is allowed. Fertility is 

maintaineci by the use of household refuse. Crop residues art harvested for fuel wood 

and hence the land is left bare to the hazards of croshn between harvesting and the next 

planting season 

In the bush farmuig system, crosion bsses were not as high as those ~ u r e d  in 

the compound farms. Oniy two out of 6w bush h n s  on the upper dopes showed 

sigmFicant losses of %. The bush fiuming systcm is bcnm abïe to resist erosion 

because the systcm invoivcs fanirllig of smaii patchcs of land sunoundecl by natural 

vegetation, which can act as crosion checks. The fiek arc fnrther away h m  the 

househoid, complete rcmovai of crop residue is also rtnnunized. . .  . 

In the lower-dope Vartmpae mils, no significant changes in '*CS were 

o k c d  in any of the sites (Table 6.2) cornparcd to the conml sitcs. Two of the sites 

showed a slight net Ioss, whcreas the o k  two sites showed a slight net gain. Overaii, 

the ammit of 13'cs in the 10 to 2û-cm @th was reiativcly high compami to the upper 

dope stes bat there was no significant net deposition despite their low position ABF2 

and ABF4 occur at the 



Kugri 
Hill 

Site 

Figure 6.2 Depth distriition of I n C s  and totai % Iod at the rcsearch sites displayed 
as a box and whiskcr plot The box or intuquartüe range teprcsents the absoIute value of 
the di&rcncc bttwecn the ducs of the 25' perccntile and the 75" pcrcentiie. The 
upper and lower whiskem or fences extend to valaes, which represent 1.5 times the 
spread h m  the median to the concspondhg edge of the box. Data points outside these 
values arc considaed outlicrs and are plotteci as individaal points. 



Table 6.2. Cornparisan of '"CS nfctence mventory with '=CS in the cultivateci sites for 

the 0- to 20-cm depth. Values shown are man and standard deviation (in brackets). 

UC/LTFl 
LTF2 
CF1 
CF2 

ABFl 
ABM 
STFl 
Sm 

Uppedmid shpe Cymrmpere association) 
826 (209) 25 - 
846 (44'7) 53 -20 ns 

364 (71) 19 463*** 
467 (95) 20 360*** 
492 (378) 77 334** 
820 (203) 25 6 ns 

647 (287) 44 180 ns 
525 (217) 41 302** 

Lower sbpe (Vraientpere association) 

ABF2 664 (186) 28 162 ns 
ABF4 644 (162.7) 25 182 ns 
STF2 894 (286) 32 -67 ns 

CRF 841 (214) 25 -14 IIS 

Kugri h i .  cakhment ma 
ABFS 602 (363) 60 224* 

ABF7 680 (300) 44 146 ns 
***, **,* SisnifiCant at 0.01,0.05,0.1 kvelof corifsdence tespectiveIy, unpaired t-test. 
as= not signincant. 



Iowa dope positions of the overail siope wmpk,  whereas S'IF2 and CRF are in 

pronounccd concavitics at the base of the dopes. CRF is in the l o w m s t  position of 

the land surface where the highly eroding CF1 and CF2 are located, yet no significant net 

deposition occm. This suggests that most of the eroded material is carrieci out of the 

system into rivers with srrrface m o E  

The Iack of net deposition iiadicated by the % results is supported by the 

magnetic snsceptibility measmementS. Law magnetic susceptibiiity values were 

recorded in the lower dope sites despite the very high magnetic suscepaIbiiity vaiues of 

the upland mils. Deposition of soii wouid have bten indicated by a magnetic 

enhancement of the surface soils (ie., the deposited upper slope soii) in these Iower 

slope positions. This is especidy important for CRF, which is on the lower dope for the 

highly eroded CF1 land surface. 

The '"CS value of the two sites (ABE and ABF6) in the Kugri hiU catchment 

area is consistent with their position wdhin the catchment and support the description of 

these sites as active emsionaVdcpositionaI sites. ABFS was significantly lower than the 

refcrence site; ABF6 was signiücantiy higher. ABF6 seemed to be the only deposition 

site arnong the 16 sites studieâ. The amount of lncs measured in the second sampling 

depth of most of the sites was about onc-tcnth of the first sampling depth, whik at ABF6 

the second sampIing dcpth values w u t  a h s t  quai  to that of the topsoiL The m u n t  

of U 7 ~ s  mCbPLlRd in the 10- to 2û-cm depth a site ABF6 k signifiçantiy higher than the 

amount m the 0- to lOcm dtpth of Cl3 and CF2 This suggests that ABF6 is 

exgcriencmg active deposition of sedimnts h m  Kugri hilL 

6.1.3. Soü loss and goin 

The '"Cs mclsimmnts wcrc o s d  to estimate the rates of soii l o s  and gain 

according to the proportional mthod eqmtions of Kiss et aL (1985). Walling and Quine 

(1990) described the Inliitations of the proponional method, particuiariy ~Iating to the 



accumuiation of *'CS at the mil sarface between cuitbation phases, and suggested it 

may ovcrestimate rates of erosion They favored the applBcarion of theoretical 

accounting procedures that are abk to represent the aggregate effect of aIl the 

redistribation processes operating over the period sincc the initiation of atmospheric 

fanout and to takt account of any known history of land management at the site. 

The caicuiations for mil loss and gain are n o d y  reported as a mas per area 

per nmt (typicaily Mg ham' yf'). Thcse annual values are complicated in the case of the 

bush fanns because of the faiiow periods. Although the vegetation cover during the 

Wow periods does not form a complete cover, we would expect that soi1 redistribution 

would be lower during the fallow phase than in the culîivated phase. Hence although the 

values are reported as an unvarying amount per year, in tcality there are pro bably major 

year-to-year variations that cannot be assesseci using the U 7 ~ s  technique. 

The highest net soi1 loss occurred at the two compound f a m  (Figure 6.3). Net 

loss (Le., the hss of soil h m  the 6cM as a whole) was 18 and 20 Mg ham1 yr-' at CF1 

and CE, respactively. The 20-year faiiow site (LTF2) had experienced small amounts of 

mil gain (6.4 Mg ha*' yfL). Two of the bush fhns on the upper d e  had experienced 

significant net 105s of soil(l3 Mg M' yr'L at STF3 and 8 Mg hâ' jrr" at ABFI) but the 

remaining two (STFI and ABF3) showcd negiigibie net los. OveraII, the four bush 

fimm on the upper srirface were experiencing a net soil l o s  of 7.2 Mg ha-' y*'. This 

could be considered a tolerabk Ioss if the mils wcre very dcep, such as those found in 

temperate rcgions, but for a shaiiow soii thcst Iosses arc too hi& and give cause for 

concm According to Morgan (1986) a man annual soi1 loss of 11 Mg ha-')if1 is 

g e n d y  acceptai as the maximum pcrinisJi'ble but for sensitive areas whm mils are 

thin or highly aodible vahes as iow as 2 to 5 Mg ha '  are reconnnendod. 

None of the four sites m the iower dope category showed signifiant Iosses or 

gains relative to the rcference sites (Le,, differences were not signiûcant at the 0.1 ievel 

in Table 6.2). The two sites on the linear lower dope position (ABF2 and ABF4) had mil 

losses of 10 and I l  Mg ha" , bat with a high variabiiity (Figure 6.3). The two sites in 



Figure 6.3: Net soii redistn'bution within tach of the cultivated sites. Open boxplots 

indicate sites where the mean is not signhntly différent h m  the control sites; shaded 

boxplots indicate sites where the mean is SigmnCantly diffmnt (a = 0.05). 



Table 6.3. Proportion of sampling points e n c i n g  soii loss or gain at the cuitivatcd 

sites and the mean ioss or gain at these points, 

Mean Soil 
Loss for 

Merui Soii 
Gain for 

Nomber of Sampüng 
Number of PoinrS Points 
Sampling Experiencing Sm'üng EXp-dg Points Soil LaEl 

Points Soil Gain 
Experiencing Experiencing 

Site Soü L m  (MglhÛl~r) Soi1 Gain (Mg/ha/y r) 

ABJ3 
ABF4 
Sm 
CRF 



the concave Iowa siope positions did nut show signjfkant gains of soii through 

deposition, ahough thcir position in the landscape wouM have indicated a high potential 

for deposition. 

Wnhin-kid redisaibution was cvidtnt at mst of the sites (Figure 6.3). Only the 

two compound faniis have aii Lhea sampiing points bdow the reference ievel; a i i  other 

sites have a spread of vaiues above and bdow the reference line. At the remainder of the 

sites there is cvidence for consderat& within-field redisüiiution of '"CS and mil (Table 

6.3). The net mil ioss fÏom a @en site rcaects the balance between sarnpling points that 

experiend mil loss and those that experienced gain. For example, net loss is high at 

site STF3 where 8 out of 9 points had soi1 Ioss and was low at CRF where roughly equal 

proportions of sampling points showed loss or gain The rates of soii luss at those points 

that experienced Ioss is not high by the standards of 0 t h  '% studies - rriean soil loss 

only cxceeded 20 Mg ha' yr" at two sites. 

Biocheniical and cheniicai indicators of soi1 quaiity are those properties that are 

affectcd by agronomie pracrices and which may change rapidly. The biochemkal and 

chemkal propertics assesseci were soi1 or@ carbon (SOC), totai N, total P. effective 

cation exchange capacity (ECEC) and base saturation, pH, and electricd conductivity 

(EC). Changes in thcsc propeni&s unda the diff~tnt farmuig practices and the 

relationships betwoen these propatits ami sd rtdistribution were expiored. An attempt 

was made to m>del the impact of soii erosion on organic matter dynamics. 

The highest bels  of soil organic carbon (SOC) were observed in the 

tmcubated site (UC) (Fig. 6.4). A totai of 34 Mg ha" occms in the surface 20 cm of 

the soil SOC is h@mt in the surface 0- to 5-cm layer and deches markedty in the 5-10 

cm iucrurmt. The iowcr incremtllts show nlativtly consistent values for SûC, 

mdicatmg that consdtrabie smface eWc6mnt of SOC exists in the &ce soii of the 



mcuitivated site. The high SOC in the sarface layu of the uncultivated site is probably 

related to litter accumulation h m  woody vegetation (Nye and Greenland, 1964; Juo and 

Manu, 1996). 

In generai, SOC at the uncultivated site is low comparcd to organic carbon 

content of forest zones and temperate mgions (Pennock et al., 1994a; Gregorich and 

Anderson, 1985; Nyt and Greeniand, 1964). This ciifferencc is attributed to ciifferences 

in vegetation and climatic conditions, especially temperature ami rainfaU The 

characteristic hi@ temperature and raiddi of this serrtiarid region encourage rapid 

decomposition of organic matter and nlcase of nutrienrs resulting in lower accumulation 

of residual organic niatter compared to coolcr soik (Juo and Manu, 1996). 

SOC content of LTFI (Fig. 6.4) is much Iowa than UC despite the 50-year 

fallow period in LFT1. The totalamaunt of SOC in LTFI was about haif that of UC (18 

vs. 34 Mg hi1). When the depth disatibution of the two sites are compared it appcars 

that the 0- to S-cm layer at LTFl cornsponds to the 5- to I h  layer at UC. This site 

had been cultivated priar to lncs deposition and the cesium results indicate minimal loss 

fiom this site in the past 30 years. Hence, the decreased SOC Ievels are primriiy due to 

los  during the period of cultivation. Ovcraii, the rcsuits h m  LTFl Uidicate a iimited 

potential for tccovcry of SOC kvels in these soik even with a long faiiow period. 

The SOC be l s  at LW1 are very si& ta those for the 20-year faiiow site 

(LTF2). Both the total amount (Figure 6.5) and the deph distribution of SOC at the two 

sites (Table 6.4) are smiilar. At both sites the SOC ievcIs arc at approximtely 50% of 

those at the d t h a t c d  site. 

The SOC content for aii upper dope, bush fium or compound farm sites were 

lower than those of UC or the hg-tcmi fallaw sites (Figure 6.5). The lowest value (6.5 

Mg ha") occur at CFî and the highcst (13.4 Mg ha-9 at ABFI. Thtse represent a 60- 

80% redncthn in SOC values firom the uncpltivated site. Tùe losses of SOC in the 

compound farnis att kigh but can, in part, bt made up by the addition of organic wastes. 



Soil Organic Carbon (Mg ha-9 

Figure 6.4: Depth distribation boxplots of soir o r g e  carbon at sites UC and LTF1. 
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Figure 6.5: Boxplots of soi1 or@ carban (Mg ha", 0-20 cm) at the research sites. 



Tabie 6.4: Soil organic wbon leveis (niean and standard deviation in hrackets) in the 0- 

10-cm and the 10- to 20-cm depths at the research sites. 

Soü Organic Carbon (Mg haL) 

Site 0-10 cm 10120 cm 

Ku@ hill catchment 
ABFS 10.5 (3) 8.4 (3) 
ABF6 14.7 (8) 14.0 (7) 
ABF7 6.6 (1.0) 5.3 (2) 



Tht losses in the bu& farms cannot be d y  offset by the additinn of or@ material 

and may represtnt a graver Ioss in tenris of soii productivity. 

Simiiar observations were made in other parts of the region. For example, Jones 

(1973) compared organic mattcr content of cultivated mils in the Guinea Savannah zone 

of Nigeria and reporred 5.8 g kg" for cdtivated mils compared to 10.3 g kg-' for 

uncdtivated soils. Under cdtivation, aeration and microbial activities increase, thus there 

is an oxidation of organic matter. This is very pronounceci under continuous low input 

agriculture being practised in the region [Stoop, 1987). 

Inputs into the system depend on socioeconomk status of the fatmer as can be 

seen by greatest decreases in organic carbon occurring at CF2 and ABF3. Even though 

the low SOC in CF2 is to be expectcd because ii is undu low input permanent 

cuitivatian, the loss is high compared to CF1, which is aiso d e r  permanent cultivation. 

CF2 is a compound farm owncd by a poom M y  wheizas the chief of the village owns 

CH. The chief of the vitlage has a large number of livcstock, which provide organic 

manme for the compound fam Addition of househoid manure is an important source of 

SOC in the compound f m .  ABE3 is used by a migrant fanner who may not be as 

committed to the land as are the indigenous peopk. 

The resuits for the lower dope soils and the mils of the Kugri catchment 

cannot be ditectIy compand to thosc for UC because the assumption of simiIar uiitial 

conditions cannot be supportai. A mapr differcnce exists betwecn sites ABF2 and 

ABF4 and sites STF2 and CRF for the Iowcr dope sites. The for- two sites bave 

SOC hek  comparabie to the lowest of the upper dope soiis, whereas the SOC levels 

at the two sites in the concave Iowa dope positions (Sm and CRF) are bigher than 

even the long-term faiïow sues, The higher SOC values at the huer two sites may not 

be the d t  of deposition of organkaüy enrichcd soii in the past 30 years (since no 

deposition is indicated by the '"Cs rcsnits) but must reflect draerent conditions for 

eitber organic matter production or decomposition, Hence although these four lower 



dope soils sharc simdar pedological charactcristics, they appcar to have very diffcrcnt 

biocbeniical regimes. 

The rcsuIts h m  the three soils of the Kugri catchement support the 

redistribution results fcom the lncs technique. The overaii amount of SOC in tk 

depositional site (ABF6) is similar to site UC (29 vs. 34 Mg ha-L, respectively) and the 

arnount in the 10- to 20-cm layer is equal to that in the 0- to 10-cm iayer (Table 6.4). 

The Iack of a clear depth profile for SOC in depositional sites has been widdy observed 

in other studies. SOC levels in site ABFS are comparable to the long-term fdow sites 

and are considerably higher chan the bush fm sites on the upper soii surface despite the 

continuous cultivation of this surface. Site ABFi is not experiencing active soi1 

redism'bution and has SOC levels consistent with the upper dope soils discussed above. 

6.22. Cumuh*ue soi1 loss and SOC dynamics 

The simple mode1 developed in Section 3.3.7 was used to predict the effect of 

crosion on SOC levels for the upper dope soils. The intent of the mode1 is to determine 

the importance of erosion in the o h e d  loss of SOC. Essentialy, the mode1 assumes 

that the initial SOC content of the upper dope soiis was quai to that of the 

unculeivated sitc and that export of SOC proportional to the soi1 loss occurs each year 

after the site is b k e n  

The initiai SOC levels uscd in the mdcl arc the SOC contents of the five soil 

laycrs measured at UC (14.2,8.9,6.2,4.4, and 3.4 Mg hai for the fie incremtnts h m  

the &e to 20- to 25-cm iayq respectively). Specific mass was calcplated as a 

pmduct of balk density of the respective iayers and sampiing depth. Soii 10s r d t s  in 

l o s  of surface soii and the tr;illsfer of an eqmvalcnt @th of mil (with a specificd SOC 

content) h m  each successive dcpth incnmcnt to the haexnent overiying it. The SOC 

content of the lowemiost Iaycr was constant for the duration of a mode1 nui, 

An enrichment factor of 1 was used for al1 mode1 mmrPIlS This assumes that the 

SOC of the sedimnt mnoved h m  the site quais the SOC content of the fine h d o n  



Tabk 6.5: Srmulated change in SOC IevtIs (020 cm) with soii losses of 7.5 Mg hàl yi' 

(average for the uppcr dope bush h) and 19 Mg ha-' *' (average for the upper 

dope compoiud fpmr). Initial SOC levels are those for site UC (33.9 Mg ha"). 

Years after Time O SOC R d n i n g  for SOC Remaining For 
(Initiation of Cdtivation) 7.5 Mg ha" y i L  Rate 19 Mg ha" yfl Rate 

(Mg ha*') (Mg ha*') 

of the bulk soil and no prefe~ential bss of SOC occurs. As sach, the losses repfesent a 

minimum amount of SOC l o s  that codd occm at a given erosion rate. 

Two erosion rates are uscd for the modeL The bash fanris (STFI, STF3, ABFI, 

ABF3 ) on the upper sarface showed an awage l o s  of 7.5 Mg yr-'based on the 

'% resuits. The compomd farnis (CF1, CF2) on the upper sarface had an average 



loss of 19 Mg ha-' yfL. Ciearly, (as discusscci eariicr) the m a l  erosion race in any given 

year may be higher or iower than this value but it is a s s d  that this average value 

dects  total soîl loss over the pcriod of rneasuremcnt. 

Using these values, it is predicted that the change in SOC with tim is 

characterizcd initiany by a rapid dccrease, foibwed by a more grdual decrease and a 

near-constant b e l  th& (Table 6.5). Tht sob of the study regian have been 

cultivateci for approximately 100 years. Aïter soil loss at the two average rates for 100 

years, the bush famis should have approh te iy  60% of the2 original organic carbon 

remaining (20.2 Mg ha-L) and the compound farms should have 44% remaining (14.9 Mg 

ha.') (Tabk 6.5). 

Most of the cultivateci fields have lost substantiaiiy more SOC than the mode1 

resuits wouId account for. The four bush farms have an average SOC level of 11 Mg ha- 

' (range 6com 8.2 Mg bL at ABF3 to 11.5 Mg E' at STFl) which is weii below the 

erosion-induced SOC level of 20 Mg hK1 predictcd by the modeL Cleariy, s o m  degree 

of organic carbon input occurs in the fallow periods, so the very low observed SOC 

levels indicates that the non-erosion SOC losses 6com these sites is at k t  of a simiIar 

magnitude to the export of SOC due to erosion. The two c o m p o d  farms have an 

average SOC content of 9 Mg M', wisich is again weii bdow the amornt predicted by 

the mode1 Thest famis reccive organic inputs thtough anirrial and human wastes, so the 

total SOC loss due to nmiualization and crop mnovai is likcly to be significantly higher 

than the erosion-induced km. 

Erosion appears to be an important process in soi1 organic matter loss, but it may 

not be as important as in combination with the process of crop remval Soil 

regmeration m these agroecosystemis very sIow because outputs exceed inputs. The 

chemicai composition of organic inputs also change when vegetation is aItered h m  

indigenous species to crop specics rcsuiting in Iow qPaIiry and p t i t y  organic matter. 

Crop residues decompose more rapidiy in agroecosystems than in naturai ecosystems and 



nuaient cycling becoms less tigtitly closed. The use of this land without adequare input 

snpply will nsult in very scvere degradation of the soi1 resource. 

6.2.3 Total riibogen 

Total soit N values cbsely paraIlel SOC (Table 6.6). In the uncuitivated site, 

46% of the total amount was in the O- to 5 t m  @th, 28% was in the 5- to 10-cm depth. 

The third @th and the fourth depth had 14% and 12 % respectively. A similar trend 

was observai in the long term faiiow and al the other sites. Total nitrogen in the UC 

site was more than twice the measured values in the Iong-term faiiow (LTF1) and the 

upper horizon of LTFl seemd t ~ ~ l ~ a t d ,  as was observeci in the SOC depth 

distribution. Total N in ail the cdtivated sites aIso fonowed the same trend as SOC 

except that ail sites including STF2 recorded a significant decrease of about 50 96 or 

more (Tabie 6.5). ABF2, ABF3, CF2, and ABF4 had very low values for total N. 

The sirriîlatiucs for soil N and SOC is to be expected. Most soi1 N occurs as part 

of organic compounds. Except wherc large munts of chernical f e r s  have been 

applicd, Uiorganic N seldom accounts for more than 1 to 2 % of the total N in the soii. 

The mineral forms of N are niostiy quite soiubie in water, and therefore, easily lost h m  

the soi1 through Icaching. 

The CN ratios range h m  7 to 15 for a i I  sites. AU the upperlmid slope sites 

except CF2 have C:N ratios of about 11. CF2 sccm to have proportionally more N than 

C, no clcar explanamion c m  bc o&rcd. Thnt wcrt rcnianats of the previous year's 

crop of grotmdnuts, w k h  coald acrotmt for this remit. The concave lower slope sites 

(CRF and Sm) have high SOC he i s  but aiso have higher C:N ratios, indicating a 

Iower quality organic nïuerial in ternis of N Iriineralization potenual The C s  ratios of 

the Ku@ hill sites are similar to those of the upper and niidslope sites. 

Crop production in these mils will deptnd on o r g e  muter maintenance since littic N 

feailizer is added outside of the compounti fbns. The total N Iosses h m  the 50% fines 

niay be of more sigdkanct than SOC losses because Abckoe (1996) generalIy found 



high C:N ratios fbr concretions, indicating that the concretions have less N relative to C. 

Table 6.6. Total nitrogen (mg kg*') in the mils at the diamnt sites. Values presented 

are means and standard deviation (in ùrackets). 

Total Nitrogen (mg kg3 C:N Ratio 
Site 0-10 cm 10-20 cm 0-20 cm 

Kugri hiü catchment 

ABFS 715 (120) 646 (127) 11 
ABF6 848 (355) 859 (254) 13 
ABE7 497 (84) 479 (145) 9 

Site = Native site WC), Act& Bush Farm (ABF), Short-Tm Fallow (STF), Long- 
Tenn Fallow (LTF), Campoand Fam (CF) and Compound Rice Farm (CRF) 



6.2.4 Eflech've Cation Exchange Cqmcüy (ECEC) 

The ECEC values also strongly refkct mil organic carbon content of the mils. 

The ECEC vaiues in the two nfietence and cultivated sites wcre simiiar in trend to the 

SOC and TN values in that there was maximum concentration in the s-e iaycr. 

Values in the uncultivateci site (UC) were higher than the long-term faIlow site (LTFI). 

The ECEC values for surface (O- to IO-cm) iayer varied widely h m  7.79 cm01 kg-' for 

STF2 to 1.56 cm01 kg'  for MF4 and d e d  wàh depth (Table 6.7). 

ECEC vaiues higher than 4 cm01 kg-' have sufncient cation cxchange capacity to 

prevent serious ieaching losses (Sanchez, 1976). Values cecordeci for UC, Sm, MFS, 

ABF6 and CRF are above this thrcshold; aii others are below this threshold. The ECEC 

vaiues seerned to be also relateci to soi1 redistribution. The high ECEC in SFT2 and CRF 

could probably be due to high SOC and relativeiy high clay content of these sites 

compared to the other sites. 

DcMcascs in total soi1 losses of ECEC with cuitivation are probably much lower 

for sites with signincant nodule contents. Abckoe (1996) found that the ECEC for 

concretions was basically the samc as for fines. Thcreforc, the sites that are mst at risk 

are those with bw concretion contents, where the Loss of ECEC cannot be cffectively 

replaceci. 

Caicium (Ca) and magnesiun (Mg) werc the dominant wrcbangeabfe cations in 

aii the surface soils, as was cxpccted for this region. Other cations inchhg a m n i u m -  

N were relativeiy Iow* Exchangeable Ca and Mg accounted for mire than 80% of the 

effective cation exchange capacity m the sarface layers (O to 10 cm, 10 to 20 cm) for al1 

sites (data not shown). 



Tabie 6.7. B3kctivt Cation Exchange Capacity (ECEC) values of the 0- to 20-cm depth 

of mils at the study sites. Vaiucs prcsented are rriean and standard deviaMn (in 

ECEC (cm01 kgL) 
Site O-1Ocm 10120cm 

uc 
LTFl 
LTF2 
STFl 
STF3 
ABFl 
ABF3 
CF1 
CF2 

ABR 
ABF4 
Sm 
CRF 

ABFS 
A B E  

Upperlmid sIopc (Yartmpere association) 

6.6 (2.8) 
3.9 (1.2) 
1.9 (0.9) 
2.S(l.3) 
2.1 (0.6) 
2.6 (1.4) 

2.6 (0.6) 
1.9 (0.5) 
22 (0.7) 

ABFl 1.7 (0.3) 1.5 (0.3) 
Native site (UC), Active Bush Farm (ABF), Short-Tem Faüow (STF), Long-Term 
Fdiow (LTF), Compound F m  (CF) and Cornpuand Rice F m  (CRF) 



The distribution of total soil P in the fine soil hction within and among sites 

ciiffers fiom the pvious properties exanEned Phosphorus was more evenly disuibuteci 

in ail depths at both UC and ml as opposcd to the surface concentration observed in 

the distnition of SOC and TN FI. 6.5 a and b). The absence of surface concentration 

means that total mil P is rnuch lcss sensitive to surface mil l o s  than the previous 

properties insofar as the subsurface nscrvoirs cm nadily replace the P lost in surface 

sediment. As well, the rnean value for UC was signiîïcantly lower than LTF1, whereas 

the reverse was m e  for SOC and N. 

There were fiw clear relationsbips between the total P values of the study sites 

and either cuitivation history or Iandscape position (Table 6.8). The two compound 

farms have higher P levels chan the four bush fàrms on the upper dope surface, indica~g 

that replenishmnt of P levels through organic additions and ashes at the compound 

farms may be offsetting Iosses through crop remval. In the lower dope soils the two 

sites on the linear segments (ABF2 and ABF4) have Iowa levels than the two sites in the 

concave segments. The leveIs at ABE2 ad ABF4 are vcry siniilar to the soil on the oider 

coiîuviai surface in the Ku@ Hill catchment, The two mnaining sites in the Kugri hilI 

catchmnt have high P kvels, with the highest value at site ABF6. This is the site 

experiencing active deposition of sediment h m  the Kngri hi11 catchement, and the high 

P bels  in both layers may indiCate that the parent matcriais in this area are inhercntly 

high in P compared to the parent materiais in the nst of the landsçape. 

The low totd P values recordcd m aiI tht sites mC1uding the refcrcnce sites was 

consistent with reports fiom diBerem parts of suMahariin ma. Acquaye and Cheng 

(1972) obtained vaInes ranging h m  104 to 270 mg kg' h m  different ecoIogicaI zones 

of Ghana. From the savanna region of Ghana @mm-Bennoah and Acquayc (1989) 

reporteci 60 to 173 mg kg-' and Abckoe (1996) obtained valaes ranging fiom 88 to 785 

mg kg" h m  the sam region. Total P mcasared in some sok of Niger was between 29 



Total P (Fine Soii, ug pi) 

Figure 6.5: Deprh distribution boxphts for total soïi P (ug g-') for sites UC md LTFl. 



and 349 mg kg-' with a man of 109 mg k a  (Manu, et al, 1991) and in Nigeria, it 

varieci fiom as  low as 79 mg kg-' to as high as 1410 mg kg-' (Ibia and Udo, 1993). 

Tropical soils are known to suffer from multiple nutrient deficiencies, but 

particuiariy P. Reports fiom different parts of West Africa indicate that both total and 

avaiiabie P contents of soiis Vary, but vaIucs are generally Iow (Manu et ai., 1991; Ibia 

and Udo, 1993; Owusu-Bennoah and Acquaye, 1989; Abekoe 1996). Nye and Bertheux 

(1957) attributcd the low content of P in most Ghanaian savanna soiis to the low content 

of mineral apatite in the parent rocks, the great age of the mils, and the intense 

weathering to which the rocks have ken  subjected, as  wen as poor organic matter 

cycling and high P sorption capacity of the soiis. Most often, the adsorbed P is not 

reaWy available to plants. 

The role of concretions in soii P cyciing is important. Soil P undergoes ôoth 

pedological and short-tam biological transformations in soils and landscapcs. BiologicaI 

transfonriations m y  tic important in the short-tcnn whilc the Iong-term availabzty is 

oftcn govenicd by pcdological transformations. Soil P is rnostly derived lkom parent 

matcriais (Ca-phosphate and apatite) or h m  fertiiizer sources; environmental inputs are 

usuaIly negligibie ( T i i n ,  1991). During the wcathering of soils, Ca and other bases 

are lost through ieaching and secondary Al and Fe orrides are forrned. These AI and Fe 

oxides act as P sinks inducing a shat fmm Ca-P to AW and Fe-P forms which becorne 

o c c W  with time ("îïssen, 1991). Total P balance remains the same during these 

transfomrions which means that even though total P may be great, phosphorus 

availability for plant growth may be a iimiting factor. With soii development 

considerable Iosscs are obscrvcd, resuiting in kss total and labiie P m many old and weli 

dcveiopcd sois of the tmpics (Tiisen, 1991). Abekoe (19%) found that total P of 

concretions is highcr than totd P of mil fines; howevcr, labile P for soii fines was higher 

than that of the collcntions. 



Table 6.8: Total soi1 P (ug g-') of the 0- to 20-cm @th of mils at the study sites. Values 

presented are man and standarà dcviation (in txackets). 

Soi1 Phosphorus 

Pg 
Site blkm 1012ûcm 

b w e r  siope (Vmmpem ~~sociotion) 

ABF2 80.7 (1 1.0) 75.6 (17.4) 
ABF4 62.8 (8.4) 57.4 (16.3) 
STF2 309.6 (91.9) 195.1 (45.7) 
CRF 179.3 (29.3) 159.7 (24.9) 

Kugri hiil catchment 
ABFS 343.9 (146.4) 3 12.3 (158.1) 
ABF6 766.0 (184.4) 655.5 (1 19.1) 
ABF7 71.2 (11.4) 76.7 (18.1) 



62.6 Base saturation 

S i e  high base s a d o n  d t s  were reporteci fiom other parts of the region 

(Hauffe, 1989; Tiessen et al, 1991a; Dnes et al, 1993, Abekoe, 1996). The high base 

saturation is net consistent wi& the fiogenesis and erosion processes operathg in the 

~ g i o a  AS indicated in secaon 2-1.1, mils of the study region art consiàered low base 

so& devehped h m  parent t b t  were devoid of weatherabie pr- 

&& and bases. The rescarcha mntioned above fmther investigated this 

inconsistency and suggeaed acolian deposition as the source of weatherable minerais 

rich in basic cations. The clhte of the study region is senaarid with a pronounced dry 

season of about 7 months, during a h  dry m&-merI~ winch of &mattan 

predo-te. The H m t t a n  is a dust-laden wmd wfiieh occurs in the counuies along 

the Gulf of G- during tht dry m a  Tht mrknt and basc mineral status of the 

dust is reportai to be substantially p t e r  than the native soi1 and m y  srne as a 

n u h n t  ~ n c w d  somct. From jdcn@cation of niinerals in acolian dust from 10 widely 

scatted stes around the world, Sym et id. (1972) conciuded that dust accessions 

couid bc a rejuvenatmg process for k h e d  and h i e h l ~  weathertd sds. 

F W ~ ~ S  c u n t e ~ ,  a d  w c ~  compoamts of tbt dus aithough quartz was 

dorrrinaat. Tbcst w o d  adci IL, Ca ami Mg to soils ovcr the Iong-tmn Calcite 

and doloniite were & p m n t  ni sdmt samplcs, and those wouid add these nutrients. 



Tabk 6.9. Base saturation (BS) valries of the 0- to 20-cm layer of soils at the study sites. 

Values prescnted are man and standard deviation (in brackets). 

Site O-lOcm 1012ûcm 

ABF2 
ABF4 
Sm 
CRF 

to wer slope 

94 (1 91 (2) 
92 (8) 91 (4) 

95 14) 92 (4) 
98 (1) 96 (2) 

Kugri hiil ccrfchment 

ABFS 83 (11) 77 (16) 
ABF6 92 (6) 92 (7) 

ABF7 90 (4) 77(14) 
Native site WC), Active Bush Fami (ABF), Short-Tcrm FalIow (STF), Long-Tm 
Fahw (LW, Cornpouml Farm (CF) and Campound Rice F m  (CRF) 



T i n  et ai (1991a) alsa fotmd cvidcnce of addihm of Ca, Mg, and K in airborne dust 

at Nyankpala in northern Giiana, with accessions dnring a single ycar providing bases 

quivalent to 1% of the effective exchange capacity of soils to a dcpth of 10 cm. The 

combinai amounts of Ca, Mg, K, and Na weze equivalcnt to about 10 kg ha-'. 

Furthexmore, the dust also addcd long-tim reserves in the form of feldspars and micas. 

One dust sarnple contained 5.6% &O, 0.67% Ca, and 0.59 96 Mg which wouid be 

released dowly and becorne availabie to plants over the long tenn Another report on 

addition of nutrient elements in airborne dust from the Sahara cornes fiom Niger. Drees 

et a i  (1993) found that yearly additions were approhtely 10 kg ha-' of exchangeable 

and water soluble Ca, Mg, IL and Na Lcss than half of the K and Na were in 

exchangeab1e form. 

6.2.6 Soit pH and elecaical conductivirp (EC) 

There was no signit?cant ciifbence between thc pH values measured for the two 

reference sites (Table 6.8) and changes in value with depth were &O very s d  

However, there was a clear distinction between upper and lower slope sites. The upper 

dope sites had higher values than those sites in the Iowcr slope positions. The low pH 

mtasunrnnts recordai in the bwer dope position sites art inconsistent with their high 

base saturation status. It codd howeverv be related to the drainage conditions and Fe 

mineralogy. Poor drainage conditions creatt anaerobic conditions, which encourage 

acidincation processes such as niaification and kaching. The F%(F% ratio of these sites 

is more than 0.2, which is an indication of poor drainage conditions. 

ABFS and ABF6 also have high F* ratios but higher pH, which may W a t e  

that these sites are younger than aii the othu Sites. ieaching depietes the upper horizons 

of Ca and other basic cations (Brady and Weil, 19%) leadmg to a preponderance of 

hydrogen and aIuminm ions gencrated t h u g h  or@ mattcr decornposition and other 

weathering processes 



Tabk 6-10. pH and Electrical Canductivity (EC) of the 0- CO 20-cm layer of soils at the 

study sites. Values presented are mean. 

PH EC (mS cm") 
Site 0-10 cm 10-20 cm 0-10 cm 10-20 cm 

-- - - - - - - - 

Native site WC), Active Bush F m  (ABF), Short-Term Fallow (STF), Long-Temi 
FalIow (LTF), Compound Farm (CF) and Cornpouad Rice Farm (CRF) 



In generai, the sutEace pH values arc higher than expectcd, ranging between 6.1 to 7.5. 

The high pH of srir£ace mils in mst of the profiles could be attributed to the seniiatid 

condition, the release of ash to tk s d  fiom annuai buming as a means of laad cIearing, 

and the annuai influx of high base soils of the Harmattan dust. The low rainfali regmie of 

the region discourages leaching and therefore the mils are often neutrai or basic in 

reaction. 

The mean EC values for al1 sites are in the non-saline range. However, values 

nieasured at UC were significantly highcr than the other sites. Electrical conductivity is a 

good indicator of soil quality because the solubie saIt concentration of the soi1 solution is 

an important deterrrruiant of the suitability of the soi1 for plant gowth (Larson and 

Pierce, 1991). Changes in EC as a result of soii management can be used to make 

inferenccs about the effcct of fanring practiccs on soil watu storage, the efficiency with 

which crops use moisture, and the redistribution of water within the landscape. 

6.2.8 S p a h i  vadabü@v of the @nairic pmperties 

The within-site randorn variability m the dynamic properties is an important 

consuaint on their usefulness of as an indiçator for changes in soii quality. Generally, the 

higher the variability within a site, the graiter the number of samples that must be taken 

to achieve a given confidence Icvel for assessing the sigdicance of observed changes. 

Soii organic carbn, totd iritrogcn, efkcti've cation exchange capacity and total 

phosphorus wcre the mst highly variabk chcrracalpropcrtics (Tabk 6.1 1). The high 

variability observed in SOC couid be dut in part to the spatial distribution of vegetation 

and leaf-litter and CO variabiüty in IIiicro topography. Plant biorriass is an important 

control on SOC accumulation that, in tum, dcpcnds on the type of vegetation. Trees 

produce high above-ground bioniass. Grasses produœ iess biomass above g r a d  A 

vegetation type with a mixture of tttcs and grasses is bourui to have variable amounts of 

SOC across the landscape and wittiin fields. The naturai savanna vegetation of mixed 

grasses and trees found m tht stndy am is naecttd in the hi@ variability in S O C  values 

measared within the undtintcd site 0 and the Mow Stes ( L m ,  LTF2, S m ,  and 



Tabk 6.11. Cocfncients of variability for chcmicai and ùiocheniical proptrtPcs within 
stndy sites (0-10 cm dcpth) 

Coefficient of Variation (96) 
Site SOC TN ECEC TP BS PH 

Upperlmid slope (Varempere associaüon) 
34 32 42 26 
38 23 30 60 
41 34 52 25 
68 60 53 44 
23 31 26 3 1 
44 40 47 35 

47 40 28 33 
49 30 3 1 16 
56 13 23 11 

Lower sbpe (Varempere association) 
A E R  23 12 29 7 1 5 
ABF4 27 20 26 9 9 II 

STF2 26 16 26 26 4 5 

CRE; 21 50 13 17 1 3 

Kugtà hiil catchment 

ABFS 29 22 45 51 13 4 
ABF6 56 42 46 30 6 8 
ABF7 16 13 18 10 5 3 

STF3) and Iow variabiiity in mst of the cdtivated sites (CR, ABF2, ABF4, ABF7 and 

CRF). STF2 exhibitcd very low variabiiity in SOC v&es because it is a short-tm 

M o w  with very lit* divcrsity in vcgetation. 

The high vrviability found in ABF1, ABE3, CFî and ABF6 could be related to 

lrricrotopography and age of the surface within which the site occurred. M F 1  is 



characterized by a high degree of rriicrorclid~ariability (see chapter 5) while ABF6 is 

vcry young and active, with proccsscs of aosion and deposition occurring within the 

site. Sirriilar explanation can be offend for the varkbility in ECEC and total N, suice 

thcy are tclated to SOC. As indicami carlier, basc saturation was relatai to Harmattan 

dust influx fiom the Sahara desert. Tbt dust is dcposited on the soil surflace every yea. 

during the long dry season. An men annual deposition of the base rich particles is the 

mist probable explanation for the low variabihty in base saturation and pH values 

recorded in this mdy. 

6.2.9 Correhtions among the dpnamic in&ators of soii quaüty 

Two groups of biochernical propertics cm bt identified, based on their 

relationship with soii depth: those properties with signincant surface concentration 

(SM!, total N and ECK) and those with a more even distribution with depth in the 

profle (total P, Base Saturation, pH and EC). The former group is inherentiy more 

suscepa3ie to Ioss of surface soil 

The three properties with a si@ant smface concentration are highly correhted 

(Table 6.12). SOC is the dofinnant property in this group insofar as tom1 N occurs in a 

relatively constant ratio to C and the organk niatcrial provides the majority of the 

exchange sites in these Sand-doniinaicd sok Of the thne properties only SOC and 

ECEC show moderate and sigdcant cornlattions with the '"CS leveis measured at aii 

non-reference sites. The coefncicnt of detemination for the relationship between cesium 

levels and the two properties is only about 4096, indicating that a considerable amonnt of 

the variation is not explained by this rclationship. The weakcr correlation for total N 

occurs because the two sites in the concave lowa dope positions (CRF and Sm) have 

relatively lower amounts of N (as rdectcd by the highcr CN ratios). 

The remaining pro- exanMed show a pater range of correlations. TotaI P 

has a miderate comiation with ECK (?=36%) bat is not significantiy related to either 

96 base saturation or pH. Given the bigh site-to-site variation in total P observeci and the 

kick of a c h  expianation for the observcd patteni rhis a n d  shouid be expected. 



Percent base saturation shows a strong, inverse correlation to pH that nins counter to 

expectations for this reladonship. The inverse rciationshTp occurs primariiy due to the 

iower siope soiis - the four soils a i i  have nlatively iow pH vaiues (for the study region) 

and 96 base saturation leveis o v n  90%. The signZcanct of the relationship for soii 

quality is unlikely to be gnat givcn the smaii (and g e n d y  hvorable) range of pH 

values that occars at a i i  sites. The Uinuencc of the four lower dope soiis is also suong 

for the moderate correlation between % base saturation and 13?3 .  

Table 6.12 Pearson conelation coefficients and signiscance level (in italics) for the 

dynamic soi1 propenies. Correiations are calcuiated for the mean value fiom each 

individuai site (N=16, depth = 0-10 cm). 

SOC TN TP ECEC ES PH 
TN .89 

.oa, 
TP .35 .3 1 

J8 24  
ECEC .86 -69 -59 

.(Mû ,003 .O17 

1: The cesinm vaines for the two nfercnce sites are not included in the coneiations for 

these propcrties. 



The trends observai for toiai P and soii pH CO- the observation th these 

properties were insensitive to erosion, Phosphorus is cxpcctcd to be sensitive to soil 

rtdistribution and plant uptake sincc it is &cd fiom Iiiinerals prescnt in the parent 

material, with no apprtciabk cychg through the amrisphere. However, for erosion to 

be effective in rtdistributing P, tbe P must be concentratuf in the s& horizon 

(Anderson and Gregorich, 1985). As was seen in Figure 6.5, total P was mare eveniy 

distributed in the h three layers of the rcfcrcnce site compared to SOC and Total N. 

6.3 D y n d c  soil properties and vegetation regeneration at the fallow sites 

There were five Mow sites in the study: rwo Long-term failows and three short- 

tcnn Mows. LTFl and LTF2 were the long-tenn faliows of 50 and 20 years 

respectively. STFI, STF2, and STF3 were the short-term fdows of 4,s and I yem, 

regpeCtiveIy. Vegetation regrowth depends on soi1 conditions, !hquency and intensity of 

disturbance, and on the type of associateci vegetation (Ahn, 1959; Juo and Manu, 1996). 

CoCZCCtIy mterpreted, regrowth vcgetadon throws congdcrabk Iight on mil conditions. 

The oMer the regrowth, the closer the organk niatm content of the topsoii wiil 

a p a c h  the originai b e l  while the rate of  rcgrowth vegetation serves to suggest the 

general levcl of fertility of the soi1 (Soibrig et al, 19%). The age of regrowth vegetation 

can therefon be expcctcd to indkate the extent co which this has taken place. This 

section therefore, descrii  the vegetatian cotaditiom of the fdiow sites studicd 

cornparcd to the uncuitivated site. 

Qaality and quantity of vegetation dtereascd h m  the uncnltivated site to the recently 

Fdnaw sites (Table 6.13 and Appcdix B). UC had the himt species divers@ and 

quantity. A total of 10 woody plants/siwb specics, 18 herb species and 8 individual 

grass species wcn encomterai in th& de. The domhant woody species were Acacia 

g o m m 3  with a relative dcngty of 2296 followtd cIosely by Premcapur en' and 

Buryrospmum with relative deasitics of 17% each. Borreria scaba and Hibiscus 

vih~ollus wexe iht dominant bbs  enconutered. 



Table 6.13 Vegetation status of the d t i v a t e d  and faIlow sites 

Woo&/shrub irees 
Total # of Totd # of & e l f  

Indi'Mduals Specics (# oJphts  per Relative density 
Site (N) (S) unit m a  (mZ) (95) 
UC 35 10 1.92 11 

Herbs 
UC 112 18 6.2 36 
LW1 2 1 5 1.1 11 
LTFL 66 5 8.4 43 
SV1 56 4 5.6 33 
STFZ 34 10 6.4 35 
STF3 32 3 5.4 28 

Grasses 
UC 165 8 9.14 53 
LW1 142 6 7.1 73 
LTF2 80 4 8.0 52 
STFl 110 4 II 65 
STF2 62 4 12.4 65 
STF3 82 4 16.4 72 

The dominant grass species inciudcd Heteropogon contortus* Andropogon gayanus, 

Rottboelia a l ta ta  and Setena. 

LTF1, the 50 year fallow site, had the ncxt highcst number of woody and shmb 

species. The form, s t ~ c t m e  and diversdy were, howevcr, poorer than the uncuitnrated 

site; shorter and more open species wcre pndominant at this site. The vegetation 

consisteci of mixed grasses and shmbs inierspersed with econonric ttees. The species 

divcrsity was also changed The total mrmbcrofspcics was lower than UC and several 

new species (Le. specks not found at UC) were also encomtemi. Only six di&rent herb 

species occimcd in this site coqmed to 18 herb specics that o c c d  in the 

uncuitbatcd site. Of the 6 herb sptcEcs only two species (Indigofera pulchra and 



Tephrosia eleganse) are cornmon to the two sites. As we& the overall density of hubs 

was markediy hwer at L'Fi than UC. Of the grasses, Cyhpogon giganm and 

Eragrosris cumlus were the new species encorntend, 

The vegetation at LTF2 was poorer than LTF1. The woody trees and shmbs 

present are a close subset of those found at UC - five out of the six species found at 

LTF2 art also found at UC Herb again show a major decrease relative to UC - only 

four species are present at LTF2 and two of thcse specks (Borrena scabra and 

Tephrosia eleganese) comprise over 90% of the totai herb cover. 

Vegetarion at the younger fallows (STF1, STF2, STF3) coasisted of &ed 

grasses ad s h b s  intersperscd with economic trees simiiar KI those found at LTF2 but 

lÎequency and divtrsity wcre rnuch Iower. Generally, the nurnber of herb species 

decxeased fiom STFZ (5-ycar fallow) to STFl (one-year fdow). AU three have a higher 

density of grasses than the long-term fallow or the UC site. 

The quantity and quality of vegetation encountered at the study sites seemed to 

be reiated to dynanric soii conditions, as well as the fiquency and intcnsity of 

distmbance (Chapter 5). UC has neva been cuïtivated and represents the native 

vegetation; it bad the greatest plant divcrsity and fiequency. From the soil analysis, tfüs 

site had the highcn m u n t  of SOC and totai N. The iow b e l  of vegetation recovery in 

LTFl and LE;T2 is a h  consistent with soii anaiysis resuits. For exampie, at LTFl, a site 

that had been in failow for 50 years, the level of SOC was just about 50 96 of what was 

observeci in UC Mer 15 ytars of fiiIlow, vegetation and nutrient regeneration is 

expectcd to reach about 80% of the e q u i i i i  value (Sanchez, 1976; Jaiyeoba, 1997). 

This slow rate of rccovcry at LTFl couid be attribatcd to hgth  of cultivation and the 

succession vegetation specits. Even though about 35% of the woody species sampIed 

occurred in LTFI, the type of trecs found here wcte s h o w  and scattemi, and there are 

very few hcrbs. The grasses encountcnd arc those fouad on very poor soii (ha, 

1977). The absence of kbs, however, could be attribatcd to the high degree of faes 

sa&red by this site @ersanal communication, village chief). 



The resalts, thdore,  confimi that the history of previous cuitivation is as 

important as the history of fallow because iand that had been cultivated to near- 

exhaustion takes much longer to ncover ((Ahn, 1959; Nye and Greenland, 1964). 

Plant nutrients and organic matter in m y  tropical soils, other than hydromrphic soils 

and those deveiopcd on highiy basic parent materiais, are concentrateci in the immdiate 

surface (GreenIand, 1973; 1975). Consequently, the loss of topsoii may result in a 

rednction in fertility that c m  recovu only if the sail is left under natural vegetation for 

pcriods pcrhaps as longer than 50 ycars. Because of the inevitable loss of mineral 

nutrknts during the cropping phase, recovery of the total nutrient stock in the cultivated 

system is expected to be prognssiveiy slowcr than that of the natural ecosystem An 

extended cropping period usuaiiy has more severe consequences than a shorter fdow 

as the seeds, stumps, and roots bom which Mow vegetation n o d y  regenerated 

when the land is abandoned die or are k W  As a resuit, the natural soii cover re- 

establishes slowly, and erosion may &iay or prevent the rebuilding of soii fertility. 

The vegetation status of S T n  couid, howevcr, be related to the age of Mow 

and the landscape position STF2 had high organic matter and total nitrogen but does 

not have any mes; probably because of the short faihw period this site had been 

exposai to tefore sampiîng. Accordhg to Innes (1977), mist lowlands support their 

own characteristic variants of savanna vcgctation, Towards the base of long dopes, 

where anpcrnicabIe layus of pundwatcr laterites deflcct intemal drainage water to the 

siirface, the upland species begin to disappcar and M y  give way to m h y  or swampy 

bottomland ae savanna or open gnissland. 

The soil and vegetation depend on cach other for sustainance. Vegetation 

depends on soii nutrients for growth aucl dcveiopmcnt, in the same token, soi1 conditions 

depend on vegetation characwisacs for thcir repknishment (Solbrïg et aL, 1996). 

Inhacnt soii firtility and length of fallow are somc of the important factors that affect 

nuaient accumolatibn under W w .  Plant specics Vary in their cfficiency to accumulate 

d . t  nPncral nutricnts. Inhant soi1 fertility is very important k a u s e  it is the 

primiuy source of nuaicnts for vegetation pwth.  StPdies have shown that the 



availabiiity of rcsourccs (light, water, and nutrients) determine the amount of biomass 

that may be produced in a given environment. Of these thm resources, plant-available 

misture and plant-availabie nutrknts may be the most lirnithg factors in the seniiatid 

tropics (Solbrig et aL, 1996). Topography, h, animal and human activities mdiQ 

these two factors to dcterrrtine the density of the ate laycr, the productivity of the 

system and the rates of nutrient and watn £low through the system (Soiùrig et ai., 1996; 

Medina, 1996). 

The study supports the applicabiiity of the '"CS mthod for erosion research in 

the study area. Appreciabie amunts of '"CS were masured in the soils of the study 

sites. Rofïie distribution had a sharp declinc with depth. The amount of 'Incs masured 

in the cultivateci fields indicated that m s t  of the sites had lost Cs. The degree of loss 

was related to landscape position and Eanrring practice. The highcst losses occurred in 

the upperlmid dope compound farnrs. In the bush fhrms the losses were not large - only 

two out of five bu& farms experience signincant losses. 

On the lowu dope Vanmpere soils, the changes in I 3 ? C s  wert alSO not 

signikant. Two sites withïn this landscape position gaincd smin amounts of '17 Cs, two 

sites lost smaii amiunts. The muits indic* that overail the bush farms are not leading 

to high m s b n  losses; however, the soii bcing removed h m  the upper dope fields is not 

behg deposited within the iandscape w indicatcd by the vuy siight gain in "'Cs 

obsaved in the lowu dope positions. Tk '"CS vaInes obtained for CRF (on the lower 

dope of the highly eroded CF1 Iand surface) is a strong indication of this phenomcnon. 

The only site k t  had a pronotmced kvel of deposition is ABF6 within the Kugri hill 

catchment area. The muit confimwl the description of this is a depositional area within 

an actively croding iandscape. 

Organic carbon content of the soii fines also indicatcd losses of SOC h m  the 

cuitivated &es. The highest ieveis of SOC wett recordcd m the mcuitivated site WC). 
The long term fahw (LTF1) had mch lowa than expcctcd SOC content compared to 



recovery rate is has been sIow. The SOC lcvck of the compound fanns were also low, 

but the level seerned to be reiated to the socio-tcononiic condition of the farmers using 

the sites. CFl, which belongcd to the chidof the nllage, had higher amount of SOC 

than CF2, which belonged to a poorer fatniiy. 

There was a ciear reiationship between the disrribution of SOC and landscape 

position. The cdtivated siies on the Iower dope had higher SOC than &ose on upper 

dope positions. The SOC values provided a c h  distinction between those sites that are 

lower parts of the continuous dope (ABF2 and ABF4) and those that were in concavities 

at the base of the slope (CRF and Sm). ABF2 and ABF4 had very low values 

comparai to CRF and STF2. The SOC content of ABF6 aiso confmned the description 

of this site a s  depositionai Total N and ECEC were cIosely reiated to SOC. There were 

indication of possible losses within the wetter CRF and STF2 sites because of the high 

C:N ratios recorded for these sites despite an o v d  higher SOC. 

Total P was generaiiy iow arad h c  was no clear reiationship between sites and 

the other major soil properties - for e v k  the total P measured in UC was much lower 

than LTF1. Lowest P values were measUrcd in ABF2 and ABF3 as wcii as ABFI. Aho 

there was no relationship betwccn P and Cs437 redistn'bution. Base saturation and pH 

also had no reiationship with site caltivation status and msion. The values measured 

were higher than expected for the soil type, but they are consistent with other results 

h m  the region. The high values arc relateci to annuat dust influx related to the 

H a l m a t t a n ~ .  

The plant species found on the nncultivated site an much more diverse than 

those at the fallow sites. The vegctation stattss of the fallow sites was reiated to years of 

fdlow. The longer the M o w  period, the grtater the quantity and diversity of plant 

species. 



7. GENERAt DISCUSSION 

The rcsearch was carricd out with the overail objective of evaluating the effect 

of farming practices on soil quality. To achieve this g c n d  objective, a systcms 

approach that combined the &y& of soi1 properties undtr diffaent farrning practices 

with a socio-economic m y  of farmers' circurnstances was adopted. The specific 

objectives, therefore, were to identify soi1 properries that can be used as indicators of 

soil quality, measurt soi1 erosibn and its impact on the selected indicators of soil qnality 

and hnaiiy, understand the farmers' socio-economic conditions that a i k t  Iand use 

decisionS. 

The major fanriing systerns of Northcastcm Ghana wcre studied using sixteen 

farmers' fields within the dominant soi1 association found in the region. The sites were 

saratined accordhg to farming practiœ and dope position, Farmcrs' fields and 

practices wcre used to e n m  that the most wrnmoniy used local farming practices were 

snidied and dut the resuIts rcprtscnt the practical situations that the Carmers face in the 

ntidsids Stratifying sites according to siope position made it possible to differcntiatc 

between efftcts &ttd to geomorphobgy and those due to managemnt. The 

gtornorphoIogy of the region indicatcs that the area had undergone a nnmber of msion 

cycIes that produced a set of compIex Iandforms. The q I a n d  soils were older and 

comtionary while the iowIands were occupicd by younger, decper and Iess 

concretionary soüs. To study the sociai and economic conditions that affect farmers' 

land use dtcisions in the region, both fornial and idormal mterviews were conducted. 

The mf0rma.i mterview and governmnt reports pro* the background information 

and the formai questionnaire mttrvitw of 180 houscbolds provided information on 

spccific issues ~latnig to the fanriing system 



7.1. Current state of the d under the different farming practices 

Most of the cultivated sites studied were degraded or at dsk of degradation 

compared to the system under native vegetation. Soil degtadation, which refers to 

decline in soil quality, is defied here as the decline in the productive capacity of the 

soil (Larson and Pierce, 1994). A decline in the productive capacity of the soil refers to 

adverse changes in nutrient status, soil organic matter, srmcturai attn'butes and 

concentrations of electrolytes and toxic chemicals as a result of one or more degradation 

processes. In this study, the approach used to assess the quality of soil was essentially 

quantitative; however, the socio-economic survey indicate that Farmers have their own 

qualitative approach to soil quality assessment. 

The use of % to assess soil rtdismution proved to be effective in this study. 

The use of lncs in this region has ken  Iimitcd due to lack of gamma spectroscopy 

instrumentation as well as concerns about the base level of I3'cs in the reference sites in 

this Iatimdinai belt. The results of this study and the other studies cited previously kom 

this latitudinal beIt cbarly indicate that the concerns about the reference inventory are 

misplaced. 

A m o d  coocm about the ea of the 13'Ch technique relates to its variability in 

reference sites. The variability at tk two refcrcnct sites (LC., CV's of 24% (UC) and 

27% (LTF1) are comparable to those found ia more temperate regions. In an extensive 

literature mim of variability for rcfac~lce sitcs m over 70 published amdies. 
Snthcrland (1996) found a range of CV's from 1 to 86%. with a median CV of 19%. At 

13 nfcnnce sitcs in New Zealmi, Basher (1998) fonnd a range of CV's kom 7 to 45 

percent, bat with a median value of 17%. Hacc the variability found at the two 

rcfertnct sites in this study art comparabk to other published sources. 

Based on the use of the '37Cs t t c ~ e ,  erosion was observed to be an 

important, bat not dorllinant, contributor to changes in soil properties. It is expected that 

the high edi'bility of the sandy soils and the pressme on land in this region wouki lead 

to high erosion rates The masmed soiI Iosses clearly showed the influence of both 



dop. posiiion ami magement. Rates of soii bss ranged h m  a man of 19 Mg 

yil for the two compound farms on the upper dope positions. 7 Mg ha" yf' for the 

uppcr slope bush farms, and negligible soi1 redistribution values for the lower slope 

sites. 

The erosion rates obtained in this study are within the range suggested for the 

region (LA, 1995). There is only a little discrepancy between Lal's redis and those of 

the present study, wbich suggest that his estimates have not unduly suffered fkom the 

use of relatively short-term stuclies. However, it is likely that both his estimates and 

those fiom the pnsent study do not account sdficiently for spatiai variation in soil 

redistribution and so may not be very representative of the entire subregion. 

The results, however, give cause for concern in relation to sustained 

produtivity. The rates for the cornpound farms are appmxhtely 20 times greater than 

the rates of soi1 formation and four times greater than the estimated acceptable soil loss 

of 5 Mg M' yf' (Elwell, 1985). Using an erosion rate of 50-80 Mg ha-' yf', Elwell 

(1985) suggested that subsistence yiclds could be thrcatened within 30 years. Although 

the rates obtained here are considerably bwer, they do suggest that subsistence yield 

may be thrtatencd before the middle of the next centwy. This is especially me for the 

shallow mils encountered in this region. La1 (1995) escimatcd an average yield 

reduction of about 14.5% for SubSaharan Anica and 15% for the whole of M c a  by 

the par 2020 assuming no change in land use and the currcnt rate of soil erosion 

continues. Given that the present h l  of production is low, a M e r  reduction would 

bc disastrous in the face of inczcasing population gmwth. 

The organic matter content of a soil and erosion arc intimately linked (u 
1976b). Dccreascs in soi1 organic matter kad to deterioration of chernical, physical and 

biolagical propcrneS of the so& which may lcad to incnascd emion rates. For 

example. as soil organic C decruiscs, niacro-aggrcgation dccreascs and mil tfodibility 

inames. A decnase in organic matter content of the soil also inaeases its 

susceptibility to formation of surface cmsts, which fhther enhance the risk to soil 

erosion (Lal, 1976a). The use of the mode1 to e s h a t e  the SOC lasses due to erosion 



does indicate, however, that non-uosian Iosscs of SOC are as great or greater than the 

crosion-mduccd losses. Heacc the maintenance or restoration of SOC levels in these 

lamiscapes cannot sokly rely on erosion nntigaîion. 

7.1.2 Soil prvperlics îhrrt cm bc m W y  used as urdlcators of soil quality 

The approach used to evaiuate the state of the soiis in this study was a 

combination of the traditionai comparative approach proposed by Larson and Pierce 

(1994) and indigenous technical knowledge. It is comparative in the sense that the 

uncultivated site was use as a benchmark site against which the cultivated sites were 

comparcd 

The soii properîies investigated were inherent properties (soil horizonation, soil 

colour, Fe-ode, magnetic susceptîbiity, soi1 texture, bulk density and concretion 

content) and dynarnic soil properttes (SOC, ECEC, total N, total P, base saturation, pH 

and EC). There was a ciear distinction between inherent soi1 properties and the 

dynamic soil properties in terms of soii quality changes under the different £arming 

ptactices. The next sections concentrate on the propenies of greatest importance for 

soii quality evaluation in this region. 

7 U . l  Dtpth io concnüon andpemnt cornlion 

The mils are naturaily concntionary, with the amount and depth to concretions 

varying according to landscapc position. The upland sites had high concretions. 

Although concretion content is landscape related, it could be used as an important 

indicator of soi1 quality in the study region. Among sites on the sam landscape 

position them werc rnatked diffucnccs that could bc reiatcd to management practices. 

Concretion content in excess of 40% o c c d  within 20 cm of the surface of sites 

STF1, LTF1, ABF1, CFI, STF3, and LTF2. 

The importance of concretions is a h  reaccted in the local system of soii 

classincation and quality evaluation (Section 421.1). The Kusaasi tnae classifies a 

soii with Iow amounts of graveUconcmion as the bcst agricniturai soii Concretion 

content is important in soil qyaby assessrnent becanse it aftects dynamic properties 



sach as A-horizon thickaess and P availability. Concretions occur at @th and form 

plinthites, which arc broPght doser to the surfact as a resdt of erosion. Plinthite was 

observed at both sitts LTF2 and STF3, although the possibility exists that these may 

pree-du the cultivation of the landscapt. 

Exposing and incorporating concretions into the surface soi1 interferes with 

various functians of the soii especially for ripland sites. Concretions act as rock 

h p n t  or grave1 to affect physicai propctties of mils in which thty occur. 

Concretions by themselves, or as plinthites form an unconformity of textrrral change 

with depth, reduce mil volume, increase bulk density and reduce total porosity 

(BabaIola and Lal, 1977; Sanchez, 1976; Eswaran et aL, 1990; Cassel and Lal, 1992). 

imeased bulk density and soi1 strcngth leads to reduction in the volume of macropores 

and total porosity (Casse1 and ial, 1992) which in tum affects water and nttuient 

rnovement, plant uptakt and mt developmnt (Eswaran et ai., 1990). For example 

Babaiola and Lai (1977) obsnved mot dmlopmnt of maize seedlings to be advcrseïy 

aüccted by gravth whcn thtir mas excceds IO-20%. Unconformity of t e d  change 

with depth increases msion hazard (Sanchez, 1976). Brakensick and Rawls (1994) 

rcported that rock hgmnts d u c e  infiltration and thcrtby incrcase runoff. As the 

topsoil crodts, mort coacrction-loaded subsoil is incorporated. 

Concretions have chemical consuaints associated with their high Fe content. 

Fe-oxidcs, hydroxides and oxyhydroxidcs t h  are the dominant minerah in concretions 

psscss large specinc surface areas, which conmhte to the overaii surhce ana and 

chcmicai nature of the soil (Schwtrmiann and Habillion, 1992). These propertics 

p v i d E  sinks for inorganic and otganic anions and cations. The best known effect of 

Fe-ode is its a f h i q  towards P mention (Schwtrtrriann and Herbiilion, 1992; 

Mohvanye and Hammnd, 1992). Tiessen et al. (1993) found that more than half of 

applied soIubk P fertilizcr was sorbtd by Fe conmetions in mils of Northeni Ghana 

This chernicd consÉraint may not bc a pbiem duc to the c o h n t l y  high pH 

recordeci at most of the sites. pH valaes rangcd h m  6.4 to 7.6, which is within the 

muge noted for redpccd adsorption, suggestmg that P sorption of the soiIs is low. The 



tendency of Fe oxides to act as sinks for P is explaincd by their charge characteristics at 

ciiffixent pH. As pH increases, the d a c e  charge of the 0 x 3 s  and clays becom 

negative and hence there is less sorption of P than when the surface is positive (Barrow, 

1984). Fe and Al oxides and clay minerais adsorb P mostly under acid conditions when 

the surface is positive. Abckoe (1996) found that introducing pH values into a multiple 

regession irnproved the prediction of P sorption for s o m  soii of Northern Ghana, 

which reinforceci the importance of surface charge of the coihicial compIex on P 

sorption. Greenland (1973) warned of the undue trnphasis put on the P-&ing capacity 

of the soils in Africa Reports show that West f i c a n  soils have low to medium P 

fixing capacities (Juo and Fox, 1977; Owusu-Be~oah and Acquaye, 1989; Manu et ai., 

1991). 

7.1.2.2. Soil org& cmbon 

Soii organic C was very sensitive to rnanagernent, Generally SOC 

measurements within the study sites were relatively low compared to temperate regions. 

The most important observations were the Iow levels of SOC in the long-tenn faiiows 

( L n 1  and LTT2). As discussed carlier, these sites have been in faiiow for a sufficient 

Iength of time for regeneration of vegetation and fertility to reach a peak. Also, the 

importance of socio-economic conditions of the fariner in soii qnality maintenance was 

evident (for example, in the comparison of SOC ievels at CF1 to those at CF2). The 

richer farmer at CF1 had mire cattk and was able to niaintain relatively higher organic 

matter levels on his farm using the droppings from bis livestock. 

Soi1 organic carbon was gcncraily low and conccntrated in the d a c e  of the 

soil About 6496 of the total SOC was concentratcd in the d a c e  0-20 cm layer of 

surfâce mil, whicb is typicaI of tropical soils. For mstance, Garcia-Oiiva et aL (1995) 

found that 51% of the SOM, 4096 of mil potassiam, 54% of the available phosphorus, 

and 53% of the total N were in the 4-cm d e  layer of the deciduous forest soils they 

examine& This impiies that most of the csscntial nutricnts are concentrated in the top 

fcw centimeters of soiL A loss of the scrdact orgaaic materiai has a negative impact on 

productivity of the soils. 



Both the upper dope mmpound Earms and bush farms recorded high losses in 

organic matter and soi1 N compared to the uacuItivated site. Most of the sites had lost 

more than half their original SOC. SOC was highIy positivcly correlatcd to total N and 

ECEC. SOC is the store for soii N and charge in thcsc sandy soils, and hence the high 

correlation between these three properries was expected. 

The contnition of SOC to soi1 praductivity is very important and wcil 

understood. SOC is a major nahuai source of nutrienu for plant growth cspecially in 

agriculturai systems that do not reiy on fatilirer inputs. The chemicai and physical 

interactions of SOC with soii rnintrals improve st~ctural characteristics of the mil. 

SOC also makes significant conaibutions to variable charge in tropical soils with low 

activity clays (Tisscn et a l ,  1994). Bioiogical propert. of the soii are also influenced 

by the store of organic matter in the soiL 

An apprcciable part of the observeci Iosscs in SOC are believed not to be related 

to erosion. Cultivation increases the rate of nutrient cycling, which affects other soi1 

processes such as SOC storagc and structure (Warkentin, 1995). The labile pool of 

SOM, which is directiy related to mil productivity, is the first component to be reduced 

(Hsieh, 1996). These changes in the relative pool dism'bution of SOC are accornpanied 

by a decrease in the activity of enzyms invoIved in C, N and P cycling (Schdten et al., 

1995). In tropical mils, the effect of caltivation is sevcre because both labile and stable 

SOC pools are subject to higher rates of decomposition than those of temperate mils 

(Hsieh, 1996). The result is a rcdaction in the nutrient supply for crop growth, the size 

of rnicrobial biomass and C storagc, aii of w k h  d u c e  soi1 quality (Schdten et al, 

1995). 

The Wowing system usai in this region was not successfd in maintainhg SOC 

Ievels. Recovery of SOC during the fallow phase deperads on the rate of SOC buiid up, 

which in tarn depends on vcgctation ngrowth dmkg fallow periods. Vegetation 

regrowth is related to the state of the sail at the t h e  of fallow as weii as distmbances 

dttring the fallow phase such as the h p e n t  bpsh nrCs th had affected site LTF1. This 



site had ken  in fallow for about 50 years or mre. It was cxptcted to have recovered a 

substantiai a m m t  of its nutricnts, but the actual recovery was limitd 

From an ecosystem perspective, the main function of the faiiow phase is 

essentially the transfer of minerai nutrients fitom the soii into vegetation biomass. 

Because of the inevitable los  of minerai nutrients during the cropping phase, the total 

nutrient stock in the entire ecosystem during the incremental Wow cycles becomes 

progressivcly smailer than that of the original ecosystern The total amount of ùiomass 

in the secondary vegetation may take hundrcds of ycars to rcach the b e l s  comparable 

to the primary vegetation due to repeated cycles of slash and burn cultivation. 

7.1.2 Soit properties of lunited v&e as indicoton of soil qualifv 

The observed differences in the inherent properties such as soil colour, texture, 

and bulk density were related to slope position and drainage conditions rather than 

management practices. Although they played an important role in the establishment of 

similar pcdological-dope units in the study ana, they arc of limited value in soii quality 

evaluation. 

Fe-oxide content and magnetic susceptibility were aIso rehted to landscape 

position. The mgnetic susceptibility measuremnts cooM be used as an independent 

source to connmi the 13'Cs ' ~ s l t s  iasofar as both techniques indicated a lack of 

deposition of sedimnt derived h m  the uppcr siopes in the Iowa slope positions. As 

wcll, the magnetic susceptibility rcsuits indicate that they are useful as an indicam of 

impcrféctly to poorly drained soiis m pedoiogical stpdits. 

EC, pH, and base saturation did not show any marked differences betwecn 

management practiccs. The high pH and basc saturation values are probably due to the 

yearly dust influx associated with the long dry Hiumattan season. This suggestion is 

reinf'orced by the uisensitivity of thtst propcrtics to nosion as was observed in this 

study. The apparent insensitivhy to erosion couki bt reIated to thier cven disuihtion 

within the first tbnx sampling deph. Even though pH values were not Seasitive to 



management, the assessrnent of pH is veq  important for the cbemical processes that 

occur in the soi& espocially for P dynamics. 

7 3  Potential for changing the land management system 

The management system can only be successfully changed within the socio- 

econornic conditions of the farmers. The region is characterized by a lack of financial 

resources, &al services, and land murces. Agriculturai production is on a 

subsistence basis, which does not provide enough income to support ail the financial 

obligations of the £armers or collateral for bank loans. Livestock is an important 

financial resource in times of financial stress. Poor marketing systerns and storage 

faciiities also weaken the financial situation of the famiers. in timcs of bumper harvests 

farmers do not have good storage faciiities to store their produce for a bctter price. The 

traditional storage bam arc either too d to contain large puantities or are heavily 

infested with suirage pests. Farmcrs are often at the mtcy of middlcmen who dictate 

the produce prk. This is a major disincentive for increasing production. 

The la& of eicctricity or other sources of cncrgy for cooking encourages 

deforestation with consequenus of accelerated land and environmental degradation 

(Nsiah-Gyabaah, 1996). Electricity is only supplied to the regional and district capitals. 

The villages depend un kcrosene lamps and fkewood for iight and fuel, respectively. 

Lack of eltctricity aiso discourages rurai agro-indusuies, which is one major factor 

responsl'ble for mai-to-urban migration. Most of the able-bodied young men travel 

down soath to work in the coma farms and mines, Ieaving the women, chUren and old 

men bcbind as was seen in the popuiation structure of the ngion. As a consequence, 

land management and soi1 conservation suffu because the people left behind are often 

not able to undertake conservation practices that are labour demanding. 

Formai education level is one of the lowest in the country. In this smdy, onIy 

25% of the respondents had any fonn of formai education. This 25% is d y  the 

youngcr respondents. The signincant nlationship bttwcen age and ducation is a h o p  

for thc h m ,  because the mre highly educated m e m k  of the popdation are most 



Wrely to adopt conservation measutes. Also, with more cducation, the number of wives 

andchildrenpcrmaltwaslower. 

Popuiation of the region is increashg at the alarming rate of 3.2% per annum 

(Statistical Semices Deparuncnt, 1984). Between the years 1960 and 1984 the 

population of the region a h s t  doubled without a corresponding increase in available 

tesources and services. This increase in population puts pressure on the available 

resamces mch as land holdings. This was indicated by a rnajority of respondents, who 

cited land pressure as a major reason for rcduccd fallow and incrcased cultivation 

cyclcs. 0th consequences of population pressure were increased hgrnentation of 

land and the inmased distance farmeÉs have to mvel to acquirc farmland. Apart from 

the batden of long traveL migrant farmers tend to liring with them cultivation practices 

that may not be sustainable in their new farming area (Wangia and Prato, 1994). Atso 

migrant hrmm tend t be iess committed to the land they are Earming (Hudson, 1986; 

Sad, 1988). 

Land murces arc limitai due to inrrea~ing population pressure. Land is 

communally owncd and allocation is through the spmtual leader or family head. This 

system of iand tcnurt is associatcd with an insectuity of tenure and land hgmcntatioa 

Insecurity of tcnure discourages pnvate investment in soil conservation in the foiiowing 

rnanner. First, the fimm is not comrnitted to the land. Second, without legal tenure 

familands cannot be useà for coIlaterai to r a k  bank loan to improvc the soil (Nsiah- 

Gyabaah, 19%). Land hgmntation associateci with the communal system of Iand 

ownetsh'i also makes it difficult to implcment soi1 conservation projects, because most 

national conservation pmgrams are more cconomical and practiEable on large parcels of 

land (Wangia and Frato, 1994). 

The land tenme system appears to bt one of the cxplanations for the attitude of 

farmers to remme use, conmation and long-tam Iand improvement in the region. 

To nrotivate farmers to control sail erosion on their farrns and to adopt sustainable 

practiccs, security of tenme mast be ammi Lad title rcgistry may be important 

legislation; howevcr, this rnay be diff~cuit since a majority of the farmus were satisiïed 



with the cunent system In rny view, criforcing land titie may exacerbate the problem in 

several ways. For example, private ownuship may lcad to land putchase by the urban 

rich, who may not be cornmitteci to Iand rcsomcc conservation. These mban rich may 

not be comrnitted to farming and they wdi either rent out the land to the niral poor or 

use them as hind labour to farm on these lands. This will lead to commoditization of 

the rurai poor as a labour force on these lands. 

Locd agriculturai support services currently offered to farmers indude training 

and demonstration of improved pracdces, input supply and veterinary services and loan 

arrangements. The type of training offcred is, however, limited to agronomie practices 

such as planting in rows and feailizer application and the use of improved sceds. Soi1 

consemation practices are not emphasized in thcse packages. in m s t  developing 

counaies, input supply is an important function because of the financial situation of the 

famers (Douglas, 1990). inputs arc mst oftcn supplieci on crcdit and payment is d e  

in kind with agticulturai produce. However, as part of the S tnicturaI Adjusunent 

Rogram (SAP) initiatcd in 1989 with the assistance of the World Bank, Mizer 

subsidies have been remved and sale of fermizer had ben privatized. As a resuIt, 

fcttilizer prices have increased, leadhg to a decline in its use. Famers no longer use 

fertilizrrs in the requircd quantity. 

73 Recommendations for the hiture 

The necd to mtroduce mort irnproved systems of land management cannot be 

over emphasized. Agronomie soi1 coosemtion methods such as crop rotation with 

Ieguminoas sptcics, intercropping with kgamts, cover cropping, composting, green- 

manuring and, more recentîy, agroforestry are avaiiable. The beneficial efftcts of these 

practicts have been weii demonstratecl on rcscarch fanns but their adoption bas not 

been very fast. Conditions on research stations are often v n y  diffmnt h m  farmer's 

fieids. Most rescarch stations oaxpy the ùest farmiands and the basic mftastracttue is 

available for agricuiturai opedom. 



Thme is the nccd for more basic research into those practiccs that focus on the 

undcrlyhg biophysical and socioeconomic process at lardscape-scale on farmer's 

fieids. For example, indigenous trees for agroforestry and the interaction between these 

me spccies and food cmps need to bc studied. For example, in the study area the shear 

butter trcc is one of the common trce specie found on fkmer's fields. Improvemnt of 

the failow system through the use of indigenous leguminous falhw species is another 

a m  of research. 

Conelation of indigenous technicd knowledge with scientinc studies is also 

required. This would go a Iong way to reduce the cost of future research, as field work 

couid be reduced if farmers' knowkdge becom a trusted source of information. 

Suhstantial indigenous technical knowledge exists. The locaI people are aware 

of their environment, their production tisk and land degradation. They know that their 

iand is degrading in quality and they seemed to have a positive cod tmen t  to resource 

conservation. However, they arc iimited by their socioeconomic conditions. It is ofien 

argued that poverty and resomce base abuses have been caused largely by po iicies of 

the state and the giobal economy. Thcrefore, the intcrrelated socioeconorriic, 

ecological+ political, and historical factors with both interna1 and e x t d  dimensions 

tbat account for the environmental degradation must also bc deait with. In addition to 

the landscape-scde research, the quality of He of the rmaI people must be improved. 

Insocme land tenure is an important banier to deveioprncnt and as a conaibutory 

factor to ecoIogical degradation (Bonsu, 1981; Hudson, 1981; FAO, 1985; Wangia and 

Prato, 1994). Insccurity of t e m  discourages private investment m m o r n e  

collscrvation. Since the farmas do not hold Iegaï tcnure over the farmlands they have 

no collatcral to raise a bank Ioan to improve the soiL Land that is communaüy owned is 

often abuse& Firtwood for example is harvested without due consideration to the harm 

that the individaal's collectmg habits have on the local environment, Apart h m  the 

inseciinty of tenure, Iand fragmentation associated with traditional tennre is yet another 



major consttaint ta soi1 conservation because major soi1 conservation prograrns are 

difncult to impiement on s d  parcels of land (Wangia and F'rato, 1994). 

The mst widely cecommendeci solution to security of tenure is land titk 

registration, which rnay not be fcasible in the study area. An alternative to land title 

rcgistry is to look into ways of rnaking soü conservation practices part of the farming 

systen The local extension agents could be strengthened through training so that they 

can mount education campaigns on soi1 conservation. The focus group should be the 

village chief, his elciers and the spintaal leader. 1 believe that once the spmtual leader 

and the chief and eiders are part of the development process, they will be committed. 

Soil conservation implemcntation codd be made a condition for land ailocation. This 

wiü be rnonitored and violation should lead to possiiIe land confiscation or other 

appropriate sanction. 

Other, more general development needs for this region are: 

1) National policies directed at poverty aileviation in rural areas should be 

vigorously pursud To irnprove the quality of life of the local people ,basic 

infhrnctur~ mch as good water supply, hcalth-are, electricity, roads and schools 

should be providcd, A national curai clectrification program has also teen initiated, with 

the target of supplying elcctricity to di rural areas by the year 2020. Elcctric snpply 

will encourage the development of agro-industries and commercial centers. With 

improved quality of Me, the younger gemtion will be attracted to remain in the rurai 

areas. 

2) Improved transportation and storage systems are also very important for 

improving the quaiity of H e  in rurai areas. Access ta m k e t  and otha cornmer& 

centers rely heaviiy on a uansportation netwotk, With limited access to market, fixmm 

wiU not bc motivaicd to adopt consuvation mthods aimd at increasing productivity. 

3) Improving the lcvel of formal education by encouraging greater emoiïment 

and school attendance. Adult education programs should be an important component of 



the Iiteracy program. Linkcd with cducation is the formation of farmer cooperatives. As 

a group, nnich mire can be achicved, for instance, bttter acccss to rredit and marketing. 

4) The current extension services appears to be adequate in their numbers and 

farmer contact, but it is lacking in the information they provide in terms of soi1 

conservation. Then is a need to train the extension services personnel so that they can 

provide the support needed. 

5) The use of natural gas and solar energy for fuel codd solve the problem of 

deforestation associated with fuel wood collection and charcoal buniing. The 

introduction of gas stoves into aii rural areas, initiated in 1990 by the Energy Board, 

should bc rcviewcd and more vigorously pursueci. AvailabiIity of natural gas in aU 

parts of the country is very important for the sustainabiiy of the program Currently, 

naturai gas is only avaihble in bigger commercial centers, which does not provide 

cnough incentive to the nuai dwcller to switch to natural gas as an alternative source of 

household fueL Soiar enugy can bc a vuy cheap altemate source of h l .  This source 

is yet to be tapped probably because of lack of nscarch and development. 

6) Speciai effort shouM be made to assis women because the women arc at a 

greatcr disadvantage in th& society. Women are invoIvcd in ali aspects of cornmunity 

He; housekeeping ad farming, food processing and triimportation of fm produce to 

the house and to the market and commerce. They are the Least educated members of the 

population; Iahd and laôour arc not easily availabie to thcm Thcy have very iimited 

murces to generate incomc, which is vcry much ncedai 
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APPENDIX A 

SiTi5 AND PROFILE DeSCRIPTION (1996 dm) 
UCI: Uncultintcd mite 
N m r  ban cuitivitcd Vegctitim ü d a u t  im covcr and un- of grass. h h r  aad vines. It is an a mid dope 
@tial. soil is generally vay dœp, druir, and la;l~~ly. 

UC- C3 ( close to uit hills) 

I pirrtic. Conaetiw ibimhnt 
48-70 an ( 10 YR 616 d v t  with monles. Conactions dnninuit 

0-11 cm 
Ah 
11-24 an 
k2 
24-32 an 
AB& 
3261 an 1 BCX 1 
uc- C4 

Ah 
7-15 an 10 YR 313 dsrk biown h saady loim no gnvcls. MoQRhly strmg, fine mnd coanc granular, 
A2 lame. wy hiable and non plutic Cmaetiau cunnmn. 
15-25 cm 10 YR SR duil gray b r m  rudy d r y  lomi with gravels. Weil. h e  and coine single grain. 

5 YR Z/ i  bmwn blrdr fine sady loam, no gravcl. WC& vay fk. fine gmulu. lame. vay 
fiable and naa plutic. Fnu d m s .  
5 YR 2tZ bmwn blick wndy l m  fcw gnvels. Modcntcly m g ,  6nc and medium sub- 
angulu, siiafitiy hud. fum and stightiyplutic Caicntiau many. 

5 YR STJ duii rcd brwm siady cliy loim abunduit gnvcb. Moduitely riraig. brie and medium 
subuinularbtacky. h u d  fh and plutic. Conaetims abundant 
Massiw nndQmminilvcQlPetiau 

0-7 cm 
Ah 
7-16 cm 

1633 cm 
ABtc 

33-48 cm 
Bitc 

5 YR 2/i bmwn bl.dt fine sudy l m ,  no grvel. WC&, fine and medium pnuiar, Imse, vcry 
aiabltmdnaiplutic  Cll laci icmsonmai.  
7.5 YR 212 bmwn bl& &y Ioun fcw gwds. Wuk to madaitcly miiag. tinc md medium 
nib-uisulu bladry. SiidUy hrrd fum ad slidtly plastic. Caacictians mrny. 
75  YR 3j3 brcwm blrk sandy l o m  wih dcrrly distinct auip d e  0.5 YR 7Jë) and 
abundsnt gnvtts. Modeniely strœ~g, fine and medium mgdu bloeky, W. 6rm and plastic. 
Concrrtiam mny. 
75  YR U3 bniwn blrk smdy &y loim with clculy distinct aangc d e  (75 YR 716) ad 
abrmdint gnvtls. MoQrrilcly & m g  fine ad medium an@r blocky, vay hard.vay finn and 



AIc 1 mb-urgular blodcy. stightly hud [inn Md stightiy phtic. Few ccnuctiau 
24-35 an 1 IO YR 3/4 duk brown widv loun with dculy distinct aanw manie 0.5 Yi€ 716) and abundant 

uc- m 
O-7an 
Ah 
7-24 cm 

10 YR ZIl blridr sandy lorm. no gravcl. W#k fine and vay fine gnnulrr. Imse, vay W l e  and 
n o n p ~ t i c .  Few (=oncrrtionr, 
IO YR 112 brown black siady l m  few gnvcls. Weiilr to modcraiely shaig, fine and medium 

~ 8 t c  

35-47 cm 
Biic 

ABC 1 mimlrr blocky, stightly hird &I uid stightly plastic Crnactim -yy 
17-24 un 1 10 YR 516 ~ i i w  bmwn d y  day loun with gravcb. Modurtcly s m g  fine and medium nib- 

gaveis. ~ a i c ~ ~  shaig,-fine and mcdium Nb-aagular b~&. hardi tinn and 
Ccnactiaisammai 
10 YR 313 brown black sandy chy l m  with dcarly distinct orange mottic (75 YR 618) and 
rbimdrnt gravcls. Modcntely strmg. 6nc and medium subangular blocky, vcry hardmry 6rm 
md plutic .Cmcrcticar rnany. 

Oacm 
Ah 
617 cm 

UC- E4 
1 5 YR Y 1 bmwa b t r k  & loim, no ~ v i c L  WC& fine uui vay 6ne granuiar. ioose. vcry 1 

10 YR 2t2 brown b k k  undy Imm. na gnvel. WC& fine medium and couse granular, Imse. 
vay friable and nan plastic. C a n d m s  cmuii~r, 
10 YR 3H duk broam surdvcIav loam m mvcis. Madcnrelv s m a  fine and cause mb- 

- - 
~h I aiable anri non plutic. few ~mcrch'&. 
7-13 cm 1 S YR 2/2 bmwn blr l t  fmc s d y  loim fcv gnvcls. W& fine md medium gnnular. slightly 

47-65 an B s  10 YR 313 brown b l d r  undy day IOM with ciculy distinct QM~C mOttle (75 YR 618) and 
.b\mdint pvels. Madtntcly saaig, fine and mcdium rub-anguiar bloclry, vay hani.vay firrn 
and plutic calaetions ibmibnt. A 



5YR2/rbmwnb~undylaminognvtlr.WerLfineandmedill11lginulrrr,sli~tlyhsrd 
6nn and siightly plutic. C a c m h s  ab9adrat. 

- 
ABC 1 slightiy hrd h md slightly piutic. Coneretiau G y .  
18-38 an 1 25 YR 316 datrkred brown suidyd.y. ikmdint givek. Modentely stmag. 

17-24 cm 
BI@ 
24-35 an 
Bttc 
35-62 c B s  

uc- F3 

BI~C 1 ao~rsc sub-m&u blacky. hrrd fitmandpIutic Caicrrticms ab und an^ 
38-55 un By 1 Massi= and amactia~~ danümt 1 
LTM - R'I 

5YR3r;!~dbnnvnsMdydryloimnogravcls.Modaatclysbong.mtdiumandoo~e 
mb-mguh biacky. hard, hnn and piastic Conactims abandanr. 
5 YR 416 d bnnvn sandy cliy. Modcniely stmig, medium and couse sub-angulpr blodty, 
hird hnn and plastic. Concreticms abondm~ 
MunVe and Qminrntly caiaetions. 

0-8- 
Ah 

8-19 
, A2 
19-32 an 
BI@ 

32425 an 
&tc 

5YRYlbmMiblrdrfinesuidylorm,aopvcl.W&fuLeandmadimgranrilarwithpaes 
and mts. Cmtùtmce Û I m e ,  v a y  üiibk Md nm plutic whcn dry, moisr and wet 
mpcciinly. Vay ftw Cancrrtiam. 
75 YR 2n hrown bhck sandy loua few pytls. Modcratcly stmig, m u r e  sub-angular, slightly 

. bard. ami and slightly plutic Few Coiiaetims. 
75 YR 313 bmwn black sandy cliy Loim with cleuly distinct m g c  m d c  (75 YR 716) and 
enls. Moderottly sucmg. n1iE rnd mtdium subangular blocky, M, 6na Md plastic. 
Chcrctials m m .  
7.5 YR 3/3 bmm black sandy clay loM with dut ly  distinct o ~ g c  moti1c (10 YR 616) and 
gravcls. Maderatcly sûnig. 6rt d medium nrb-angular blaky, hard. 6rm and plastic. 
Cutuctian cammai 

UC- F4 (0-18 fr#. 18-61 Fe ancreticm and musive) 
Man 
Ah 
6-13 an 
A2 

13-18 cm 
ABtc 
18-59 
Bit 

59-72 an B* 

5 YR 2n bnrwn bladc fine samiy loam. no gmwL WC& Fine and mtdium granuiar. laise. vcry 
frirbIc and naiplmtic Ftw caincticnr. 
5 YR 2fZ brown black fine w d y  LoPm kw gnvct. W& medium and coant granuiat, slightly 
hatd. hnn Md slightiy d u t i c  Few conattioas. 
5 YR 313 dark rai brown fine lo~iysaad, fcw gmcls. Modaotely straig. c o ~ e  sub-angulat 
blocky. iiightly hard. tllm and s l i w y  plastic. Caaactiais cammca 
5 YR 4R duii rai brown sa@ day with d d y  distinct bright ycUow ~ M W U  monle (72 YR 516) 
Md ibuDd.nt gravcls. ModcnteIy m g ,  fine and medium mgulu bhcky, vay h d .  very 6rm 
alid p h t i c  Concrctiais *L 
Musive and camctims daninant 

Lang-tenu lplDm (Lm) 
AfcadiPgtotheduefofiheviUige.lhis Iandhubeailillowedfir50yun.hauecoiiPidend 

uncultivated aad uscd as i referençe site. 



@7 cm 5 YR 212 kown black firu rrndy loini, no & r a d  WC& vcry ant and tinc granular, Imsc. 
Ah fiable and non p h t i c  Many CmCfctiau. 
7-16 CUL 1 5 YR 3/2 duk r d  brown suidy loun abdant gnnlr. Vuy weair. h e  and vay fine single 
ABC 1 gmin. stightiy l e ,  vay fiable rnd iun plastic, Caiaetiau many . 
16-24 an 



L m -  D3 

ABtc 
13-38 an 1 75 YR 414 brown sanày &y ~~ rbrmdint pa&. ModttPtely shaig, 6ac medium uigulu 

06lm 
Ah 
6-13 cm 

,ABC 
13-39 
Bi@ 

L m -  W 

Bitc 1 blocky. hazû. 6zm uid plutic. abrmduit. 
38-65 an Bzx 1 Mwive. h t i a i s  danuisnt. 1 

lOYR2Rbrownblidrnatiiadyloun,mpvtl,StnienacirwePkvayhandtint 
gnmilu. 1- fiable uid non plastic. h y  QJlLQctiw. 
75 YR3/3 d u l r t m w n s u ~ & ~ ~ f k w g i v t k .  VcrywcPL. hnt uuivay6ncsinglegraih 
I m c  vay W l e  Md aon phtic. (=oacrctialS mrny. 
25 YR 316 red brown uady clay loimi. arith mage d e r  (75 YR 616) and abundant gravcb. 
Modaitely stmng, h s  and medium nibmgularblocky, iucd, 6rm and plutic. C a i ~ c t i a u  

0-7m 
Ah 
7-17 
ABt 
17-36 cm 

, Btt 
3658 cm &x 

10 YR 2/2 brown black suidy laim. M p v d .  WuL, vuy iinc and fine granular, Imse, fiable 
and non plutic. Many mncrctiaas. 
10 YR 4/4 brown sandy d i y  loam few gravels. Wcak to modaitcly shaig. tine and medium 
nib-mgulu biocky. slightly hd. h and süghtiy phtic. Canuctiau abundant. 
25 YR 4/3 red brown sandy &y, ibimdrnt ~ v c k  Maderately strong. 6nc medium and m e  
mb-mgular blocky. hard hi and plastic Canaetiaw abundant. 
Massive. Daninrnrtiy wnuctiu~~ -- -- 

&F #1 B2 
0-7 cm 
Apc 
7-15 an 
ABC 
15-34 cm 
Bite 

3444cm&x 

0-7 an 
AOC 
7-lh 
ABC 
15-28 CUI 
Blu: 

2845 an 

45-71 cm B s  

75YR~~bliek~~lormwiihgrvel.Wuk.tiiurndvayhgnmilu.s& 
fiable. aan plutic and nai sticiw. Caiacticms ahndmt. 
7 . 5 ~ ~  212 bmwii bl.dr d y  loim wiih grmt WC& modaittly nnt grandu. soft, vay fiable 
, nar ulutic md naaaticky . Coacrrtiar .bimdant 
7âïR4Is srndy &y loim with aurge motiles (7SYR6/8) with rbunduit gravel. Modetatcly 
s t m g  medium couse singie gnin wiih vay fine and tine mts, paa and diannels. Fe and Mn 
ccmcrc t i~~~ ibimdrnt. 
MusimCancretimdaminint. 

ro~~~rkoaab~r~undyloimG&gCivei.w~&fineand~h~gnmil~.saft.~ 
fiiable.aanplyticuidnon~.Caiaeti~~~~rbimduit. 
10- duk bmwn suidy c l i y  laim givtl. Wuk to modaptcly stmag, couse single 
gnin.Ime,fiabIc,nmpluticdaon~.lonrrr~Pbrm~ 
lOYR4/4 kown slndy day 1- with mgc d e s  V5YR7I6) and rbrmdant gmcl, WC& ta 
modauely , m g  nm CO mcd~um subogalu b w .  hud fim. slightly plastic rnd sligtuly 
stidw. FemiMn- ikiaduit 
lOYRS/3smdy&y~~MoQnttlys~mcdiimiurdcotnesinglegnm.Hnrdvay 
6rm, pht ic  ud sticky - thm&ms abmdaw 
Murive. Cancrrtitms danmuit 



19-38 
Bltc 
38-56 an 
Bltc 
5678 cm B s  

ibunduit. 
10YR314 buk bmni srady dly with gnvel. Maduucly sûung. fine and d m  single grain, 
siightly id, finn. plastic d &&Y. C a ~ ~ t i c m s  Ibruidant. 
10YR5/4 duIl yellow bmwn tiady doy aiith ycUowia œ ~ g e   CI and gravcl. Modcrately 
m g .  6nc and d m  sin& & hnb VUY ürm. ph t i c  and stidry. Canactiau dmiinaat 
Massive. Ccncrrtiars dmiinint. 

ABC 

14-28 an 
, Bitc 
28-50 cm Bd 

strcmg. fkc and medium mb-mgniar blocLy. Slightly h l ,  friable to hm , slightly plastic and 
slightly ai*. Caicrrtim ibrmdint 

dark rtd brown sMdy diy with p w I .  Modaatcly strcmg. vay fine and fine single 
grain, Hatd b. plastic and rtifLY. Gaachs rbimdant. 
Mwive. Caiactians domiruuu. 

ABRlC3 

ABFnl C4 
CL5 an 
ARC 
5-11 an 
ABC 

h 

11-24 an 
Bttc 
24-70 cm Bs 

10YR3/1 biown black sindy laam na g m l .  WePL, ~ IE  to vay fine granular. Soft, fiable, mm 
plastic. FtandMnCmcretiaucanmai, 
10YR3/3 dull bmwn sandy diy ioam wiih same gravcL WC& to mcdcratcIy s m g .  fine and 
medium single grain. Soft to slightly hrrd fiable to hm. siightly plastic, siightly sticky. 
Cainetim rrrmy. 
ZSYR duil rai bmwn chy Ioim with pwL Makntely s m g .  Gnc and medium single grain, 
h d , n m i r n d g l a s t i c . ~ ~ i k m d i n t  
MIMimCaraetialaQminpit 

ABHl M ( clme rn ant hiïis) 
Oacm 
Apc 
613 cm 
ABC 
1344 an 
Bc 

lOYR undy loam wiih grad. Vay WC&, fine to medium muiar. Soft . friable uid non 
pliatic. Conrrrtiau ammon. 
11 YR füu rmdy lm with pnvcl. W y  sinmg, fint Md medium gnu~dar. Slightly hard 
stiJitiy 6rm rnd nrn ~Listie. Caiaetiala maay. 
11 YR 6nc smdy laam with gmcL Modcnttly m g ,  h c  and m d u m  grunilu. Slightly had, 
siighiiy finn and non p h t i c  Cmcntims nuay. 

ABRI D3 (liLe a d e y  bonan a)] 
CL5 an 
Am 
5-13 an 
,AB 
1340 cm 
Blt 
M c m  

1OYR fiae s m d y b  no ~pivcl. S h g ,  ûnc grmutu. SaR iÏiablc and tm-plastic. Ccaaetiau 
rrrmy. 
IOYR srndy l m  no pw1. S m &  fmc ibd mbmgulu bl*. Slightly b d .  Ginn. slightly 
plastic. Cmctctia W. 
IOYRubdycin,~aognvd.S~,nnCiovayfinitsin~egnin,Hud.htovay~~ 
plutic d dcky. Cmerrtioas alnmdant, 
LOYR day. no amel. Strmg. vay h e  sïngIc grain. Vcry hrrd vcry h. plastic and sticky. 



1 piutic indsticky- Cmaetiau rbunduit. 
1 lOYRlll browa ppy, no grvcl. Maiaawly s-g, ûnc and medium single grain Hard, hm. 

ABt 1 graia. Laire, Mable. non plutic mi ~n sticky. ~ery few murctitms. 
17-37 cm 1 SYR3f3 dult nd brown sandy day l m  with œange matlu ('75 YR6#) no gnvel. Weak. fine 

ABPZ:Adive birrhhrnir2 
'This site has ban in cultivacim f a  the l u t  7 y e ~  but has nat kai culrivatcd this p. probably due to 

rhelllllCIiable~piaanthUyw.Haifeddbe~uuiaaivcburhfann. CIopscultivatednamallyarc. 
millet. and ampca. Ciirreat vegctatim is grasses and few rhnibs. It is Io& in a Iowa dope positim. and 
evidmce ofwlia-logging. Ihe soil is gaierolly s* clay and i m p a f d y  billai. 
ABW2 B2 

ABW 33 

1 Bic  

Mm 
Ap 
8-17 an 

lBlglC 
A B M  C3 

5 Y W  brown bladt 6ne sandy l o ~ i ,  no gravel. W& fine and medium gramilar. Soft. üiible, 
nm plastic and nai sticky. Vcry f m  emacticms. 
5YR2/3 vcry dark mi brown ünc sandy loun with no grawl. W& hne and mcdium single 

- and medium ab-angular bl*. stightly bard, &. stightiy &tic and && sticky. Vcry 1 
FW CDllQCtim. 
SYR 4/2 dark brown sandy &y. Modcntcly simig, finÉ d mcdium anguiar b l d y .  H u d  vay 
h n ,  plutic and sticky. Vay few cawrttiau . 
SYRW ùmwn black nnt smuiy loun no pvcl .  Wuk. 6ne and mcdium granular. Soft. hiable. 
nm plutic d nm stidw. Vew fm ~maeticms. 
5yR2n~darkrdbravn.sandyloimwithfcwgravc1. WcrL,hneandmcdimnpnuiu. 
StighUy M. friablc, non dartic and non sticky. Mottles Vcry few caiaetim presen~ 

SYR313 d d  nd h &Lc d loun with sane gnvcl. M e l y  stmig, 6ne and medium 
sinde grain H u d  very th. plastic and sticky. Ma le t  Vcry fcw caiactions. 
5YR4/2 gray brown sandy day with gnwl. Modaately SUUI~. iïne and medium single grain. 
Hard, vcry h. dastic and sticky. Mottla. Few Cancntiau 

75 YR2/i bmwnblackfine#ndyloiim,~grvcL Wuk,fineandvayünegnimlu,Soft. 
fiable. mm plastic and nm stidn. Few amactiau. 
75YR3/4~brownfinc~diylorm,aognveLWuk,tineandmedimngr~nd~.Mto 
sligùtly hud, friable to fimi, riightiy plastic and non ticky. h ides .  Fcw canact ia~~.  
75YR4f.3 brown wdy day Imm. no grvcL Modcntcly stra~g tine and medium sub-angulu 
biock~. Hard. hm. stitzhtiy plutic and siishtly plastic Few conactiau. Moctles. 
75YR 5/3 duil Qavn wdydly, m grvcl. Madauely stmig fine, medium to coam rnguiar 
bl-. Hard. vcry fimi, dutic and dutic. Carrerions commaa. 

. .. 
SYWT drown blrck sandy clay laim m gnvcl. WuL. bat and mcdium grpauiar Stightly hrrd 

stnmg. lint and mcdiui nib-rnguiu bia~ky. HA, , - p ~ i c  ami sticicy. FW 
Cartcti~u. 
75YR5I4 daII beown ciay. Modartely saaig fine md medium mgalar blacky- Very bard, vay 
O r m r a d ~ l M i c . ~ ~  - 



- 
ABMM 

10-5cmAp 10YR~sanâylo~lnograveL W c a k . t i n e t o v e x y ~ ~ a r . S a f 4  SoRIe.nonplasticand 
non &dry. Few ancretials 

5-16 cm AB lOYR h c  sandy l m  no gmvcl. WC& fine to vcry h e  granular. Sok -le. mm plastic and 
non stidry. Few mcretials. 

1638 cm lOYR d y  diy IOM. m gnvel. WC& fine sub-an& sligbtly hrtd. friable, dgùily plastic 
Bit md sIightly stkky. No amaetim. 
3û-64 cm B2t 73YR sandy cIay with a~ge monles (7.8YR6B). Weak, üue subangular. Hard, fim. plastic 

and sticky. FW caricrctia 

SYR4-y brown chy with amgc mucles (7.8YRW). Weak, 6ac subanguiu. Hud, finn. 
plastic rad sticky. Fcw miactials 

Man lOYR vay tint s d y  loun. no pvci. Wcak, the and vcry nat ganular. s& friable. non 
AP plastic and nai sti*. Fcw anactiau 
6 1 9  un IOYR s e  dry loim. Wmk to modaitcly sumg, fine mb-mguiar. slightly hard. h n  and 
ABC plastic. Fcai concretiau 
19-34 cm IOYR Mndy &y toam with sanc pvel.  Modautly s m g  md medium angular, slightly hard, 
Blt füm . pf astic m d  sticky. Few cmfntians. 

; 34-58 cm 5YRM gay btomi surdy &y. sanc pwl. Shong. medium ind amrsc angulu blocky, lurû. 
~ i t c  6m. pht ic  ad stidry. Few CQIQC~~[M. 

58-73 an SïRW gray hmn day. Shong, medium and cause angular blucky structure, vay bard, very 
Bmc firm, pht ic  and stidcy. Cmactiam ammm 

Adivtbpihfum#3 
Mülct intaaqpai with cowpe9. wrt the 50 yur fi~ilow. h nlatiaa to the 50 )w fallow. it is in a Iowa 

siop pasititm.TRc soü is vay scindy d dccp gpcirlly lomr down the si* towtrds the nath. Cultivatim u by 
Wodr p h &  with no f e r t i k a  ag&cmicilscmicils Wcedmg is dme rrrmudiy. It lus becn in cultivatim fœ the past 



38-67 an 
Bltc 

A0 
7-U cm 1 tOYR3rZ brawn blrir sandy ciay hm, g n d  WC& fine and medium gurrilu. Siightiy hud, 

amcretiaa m y .  
10 YR4R gny yc110w brown suidy chy with omge d u .  7 5  YR 618 and abimduit gnivcl. 
Modartely simig, ûnc and mdium uiyirr. Hard, ürm. plastic and sticky . Fe and Mn 
andm abunduit 

- - 
I ~ a i d  vay finn. plastic-ami sticiw. ~aieieticms -y 

ABW3 84 

Bitc 
34-70 an 

Man 
AP 
6-17 an 
ABt 
17-38 cm 
Birc 
38-66 an 
Bp 

ABW3 B3 

7 5  YR Sandy ciay larm, no gravct W& fine to medium gmuiar. A. friable and nm 
plutic. Fcw eaicntimr 
7 5  YR d y  day lam. no pweL Wcak to modentely srmg, fint anci nudium granular. 

. Slightly hud. h, and plutic. k w  ccacfetitnr. 
75 YR clay l m  no gavel. Madaately samg. eourt and mcdiran gnnuiar. Hard fim and 
plastic. C o n ~ c t i a ~  muiy. 
75 YR ciay lonm na gnvd Modaatcly s m g ,  anne and medium gmuiar. HPrd. firm and 
dutic. Cmcrctims abundani.. 

0-5 
AP 
5-16 cm 
ABt 

I 
ABW3 î4  

SYR3/brown blrdt sandy laPm no pavd with vay w& vay 6nc gnnplir- L axe. niable 
udnonplprticandDmstickytickyFtW~al,%. 
rYR3TJduirllnybrownnnt~diyb~o~p1ivclWuLto~ystmig.fintand 
medium mulu. S& slightiy fim and siighiiy plastic ind rticlty. k w  a i a e t h s .  

ABMG2 

Man 
AD 
613 cm 
ABtc 

1632 an 

0-7 cm 
Ap 
7-16 cm 
ABtc 
16-28 cm 
Bttc 
28-60 an &x 

5YRsudylo~~grvcLW&[inttovay~Iprnul~.Wbcndrybrdt.~lemairtrnd 
siighdy plastic when mt vay fm amnaicnr, 
SYR srndy Clay 1- with gmcI. Wcak to modaitcty s m g  fme mbanppfar- Slightly bard, 
-te to ikm, sligùtiy plrrtic and sligùtiy sticky- Vcry few =ti<ms. 

5YRZ/2binesuidylounnogrvcL W c a k . ~ . v c r y ~ ~ ~ .  S&ûiable,nonplastic 
and non sticky. Many mcretiam. 
m/2 fine sandy clay wil gravcl. Wak, 6nc anci medium grruidar. Soft to slightly W. 
slighiiy plastic and slighiiy sticky. Cainctiarr -yy 
5YR 4/2 srndy day with rbiinduit gnvcl. Modmtcly mag, medium to vay 6nc sub-angtilu. 
H e  th. plastic and sticky. CoaQetiaar abundant 
Miisive. Cu~crctiam Qninuit 

13-aan 
Bltc 

TYR ciay loun with grvcl. Modaittly smog 6nc mgulu. Hard, very finn. plastic and sticky. 
Few ~ ~ l l a e t i a ~ . .  



ABW M 

STFI. FaUwed bush lsrm F d d  f a  4 ycus. Cultiwtcd with ùuliock and aops includc millet, cowpca and 
sœghum. No fatiliPr was uscd It is m a slightly high gmmd. Vay pvcUy and c a ~ ~ ~ ~ t i m q .  Cumnt wgctatim 
is mas. 

0-6 cm 
AOC 
618 an 
ABtc 
18-45 
B i s  

A0 
613 an 

, ABtc 
13-64an 
Bttf 

ABtc 
19-31 an 1 10YR!V2 gray pllow bmm saady day l m  orih orange d u  (7.5 YR716) and graycl. 1 

loYR2fi blvk frac undy lami. no p v c L  vay werl .  vay niLe grandir. %Fi, fiable. non 
plastic Uld ium sticky. Few cutuctions 
1OYR2/3 bnrwn black suidy diy loim. no pw1. W a k  6nc granuinr. Slightly hard firm, 
sliphuy plutic iindslightly stidry* barnactions 
10YR4/Z gray p h  suidy cliy wiîh o ~ g c  des (75YR6/8), p e l .  Wcak to moderatcly 
stmg. fiiie uid medium sub mgulac bIodry. H u d  fimr, plastic and stidor. Canmticn crmmaa. 

non ph t i c  rad aon mcky. vay fm coacretimr 
7 5  YR3/4 da& brown s d y  diy loim. no grad. Wak to modartely s m g .  line and medium 

bi-. Sligbtly bard. 6nu. slighiiy plastic and slightly sticky. Vay few o n a t t i ~ 1 ~ .  
7 5  YR 4/3 bmaa suidy dry with gnwL Wak to modaitely stmg, fine and medium nib 
uigular bindor. Hud, fimr. plastic uid stidcY. Few caiaetians.. 

- 
Apt I h r i r b l e . n m ~ h t i c d n m & . C m r e t i a u ~  
7-19 an 1 1OYR 3/3 duk brown uDdy day loun with givel. Modcntcly s t m g  medium sub-uigular 1 

-1 B3 

ABtc 1 bl*. siiphtly hrrd 6nn tovcry Cirm. süphtly plastic CUIUC~~~IS ibundint. 
1ws ~ B r x  1 10 W R  ~ F U W  d l h d * ~  dm- 

0-11 
Agc 
11-21 ml 
ABtc 
2 1 4  an 
Bite 
40-58 an Bsc - 

58-78 cm B3x 

5YR 3 1  bmwn biri; 6nc undy lam with gnvcl. WuL. fine and medium gramilu. Lmse. 
frirble Uld Nn ~ l ~ t i C .  CcricrrtimS 
5YR 2il brown blrck Eue s d y  dry k m  with grmet. Modeniely straig. medium and coinc 
gnniilu.roftudwfitiibltandamDlutic.~tiœlscaama 
5YRSn Gray bmivo tine rmdy cky loim. Modtnicly sucmg, medium subangulnr blacky, 
slightly hrd, nmi rad IliMypLUtiC chccccia~s dnmd~t. 
5YRW gray bnrrm lint sdyc l iy .  Madcntcly arcmg a ~ c  subuigulu blccky, very hard. 

' 

v a v 6 n n a n d ~ I u t i c . ~ I a m d i n t  
Mrui~t.Caicrctiaadomaiint 

S'il31 B4 
1 IOYR 3t2 bmwn blvk fint sudychy wiîh mwl. WC& fine and medium gmnulnr. laae, 1 



m: Compoond rumm 
Fann klmging to ihc chieCs harrchdd It is ari aa uppr dapc Crops grown includc, urly millet, cowpca 

uis lue minet and vegetrbla. T~IC Gnn is fatillled with boprchald xcfure rnd inmul dmpping. Thc amount of 
inimrl mumre applicd de@ ai thc manber d inimrii the hauchald patcsr. G a i d y  thc soil is vay gtovcliyy 

, 21-37 cm Bitc 
37-62 an &x 

I 1  grave^ ~ o d a ~ t c ~ ~  sm& & ind me~-s~igie grain. ~ ü g i ~ t i ~  hird m h ~ b  firm and s t i g ~ y  1 

abimdrnt 
IO YR 516 WUOW brown. lrndy chy. Cmaetiau daninuit 
Massive. Caiartiau Qminuic 

ml m 
0-7 cm 
APC 
7-13 cm 
ABtc 

13-38 cm Bttc 
3 8 4  an BP 

lOYR 314 dark brown fine sandy h. WtiL, fine uid d m  grandar, soh fiable and non 
plutic. calaetiau eommon. 
1OYR 514 du11 pUm kotwn fine ruidy &y l o ~  with distinct duii nd brown d e s  (25 
YRSI3) and gravcI. Wealr. fine iUrd oarsc s u k g u h  bïocky. slightiy hud tirnt and slighily 
plastic. CmQcti0115 ibimdint. 
10 YR Sngny pUow bmwn. mdycliy, Conaetim daninant 
Massive. Canaetan dominuit. 



b ( granulir. soltbhcn dry. iïiabk ncn plastic and non reicky. Caicrctims many. 
614 CUI 1 ~~vaydukredbtownnnCwidyl~rmwiihgnvt l .WeaL. fuicandmcdimpuiar .  
ABCC 
14-34 cm 
Bttc 
34-5 1 cm Bln 

Slightly hard. &able io 6m1. slightly plastic. CmaetioaP ibundant 
2SYR3t2 dark rai brown finc sandy day l m  with rbunduit gravcl. Modcrately s m g .  tïne 
and medium si& grain. Sligbily hani to hud frm and sti&tly plastic Caiactians abrmdant, 
MunmCaiactianrdanmunt. 

Odcm 
Apc 
613 cm 
ABC 
13-27 cm 
Bi& 
21-35cmB7x 

1OyR2n 6ne undy loam wiih few gnvd WC& 611C mdvuy tine gnnular. s a  fiable. nal 

plastic uid nal  s t iw.  CmQctiON msny. 
10YR2/2 loamy ünc sand with g n d  WC&, fine iad medimn grannlar. SlighUy hacd, niable. 
slightly p l u t i d  sticky. C m d m s  abunduit 
75YR sandy clay Ioam with Ibunduit gnvel. Modaiicly stmig, the and medium single grain. 
Sti&iy han!, finn and slightly plastic. Ccacrc<i(~~~ abunduit. 
Musive 

I 

cwrc2Wpluid) 
0-7 cm 
Am 
7-16 
ABC 
1637 cm 
B,tc 
37-65 cm Bzx 

TYR2/2brownblackfintsadylounwithfewgnVet Wcak.nnCandvcryfintgranuiar,so~ 
friable. rial plastic uid ium sticky. C .  abundmut 
5YR 2/3 vay duk rcd bmMi s d y  Ioam with pwL Vay WC& fuit and medium single grain 
stiahtly hrrd friable to fnn, slightiy plastic CoiiP#ians abundant 
MIU/î duk rd biown finc qadv day with abundant gnivcl. Moduately s m g .  medium and 
couse sub-angular blodry. Stigbtiy h d  to hud 6Um and slightly plastic C o n a c t i a ~  abundant. 
Massive. Caicrrtiais dominant 

Mil C3( UpIand. vcry shallow. hani pan dose to surface) 
0-5 cm 
& 
5-11 cm Abc 

73YR3/2 brotvn bladt fine smdy Iopm wiiù few gravcl. Wuk, 6ne and vcry 6ne p u l a r .  =A. 
fiable. non pllutic and lm sticks C411QetiQU abundant 
2.SYR 3t2 dark ied brown sandy loam with gnvd. W& fine and medium granuiar, slightly 



Bite 
24-62 m 
&tc 

B!C 1 sub-an gui^. ~ t i g t ~ t i y ~  &le to nmi. slifitIy piastic. Carcrctiaas many 
43-55cm Blgtc 1 7SYR 413 bmtMi blrclr loamy linc rand with ao p u l .  S~UCIUIC is d - l y  s-g medium 

- gnin. stightly hird in M. ~ i m i  d ~lighîiy ~tistic. CUIUR~~CXVI miny 
5YR4R gray bmwn undy tOim w i h  rbrmdPnt pavc1. Mulaiicly strong, medium sui& 
Cmsistc~~~~ is slightiy hard ta h d ,  fh rad sligbtiy plutic. Caiattims abundant 

b 
1637 cm 
Blic 
37-65 cm 
Btgtc 

Mn 83 
0-7 an 3 

hud, fiable to hm, slightly plartic. Cancrttiais ecmma~ 
7-14 drill b m  fine sandy lm with abrmduit gnvcl. Modcrately strmg. medium singic 
grain. Slightly hacd to h d  firm Md slightly phtic,  Con~etionr many. 
5YR4t2 gray biown d y  laam ivirh abundant g.vtl. Modaatcly strang. medium single grain. 
Siightly hud to hard h rnd slightly dutic.  Concretiau many. 

1 
C m  CZ ( sime as main pit. chisel hole is 56 cm decp) 

.oommar. 
34-56 cm Ba 75YR 5/3 brown black Ioimy fine srnd wiih d d  auip iaatltl wiih and p c l .  Modcnidy 

stnm medium lubuiguiar. Sligïdy hard, iEab1e to tirm. sünbtly plastic Caiactians -Y- 

CFmW 
0-7an 5YR2/2bmwn1oimyiïneundmgivci. Vayarerlr.hncmdvnyantgrmulrt.Saft.aiablc. 
4 n a i p l y t i c i n d ~ m * ~ ~ ~ a x n m O n .  
7-17 an SYR3/3baowDblrdrloimydnogravel. W&~vuytuicsingiegfain. SaRmyniable ,  
ABC aonplutic. Cainetimr c a m m ~  
17-36 75YR4/3biownlaaiysMdmgravcl. W& iïaesinglcgrain.soft, vcryfriable . audm 

, Blc plastic. Cmcrrtim nrmnat 

3658 CUI 75YR 5/4 duli bmwn siadydryfomn wilh bright nd bmwn mp m d e s  (24YR518) with and 

CF112 B4 

û-16Em 
& 
16-37 CUI 

ABC 
3741 cm 
Bitc 

61-104cm Bzx 

mC3 [dase ta agravt) 

û-19 an 
AP 
1943 an 

5 YR 314 dark brown Imnysind with no givcl. Vay WC& fint and granular. Safi, 6iable. 
. non plastic and nan sticky* COncMiaw canmoa. 
5YR 416 brown black l o ~ y  finc surd with a0 gravel. Weak. mcdium granular. Sligùtly h i td  
6iaùlc to hn. slighily plutic. Canattia~~ muiy. 
73YR 413 bmwn black loomy fint slnd wiih p i h b h  œange mîtlu with and p w l .  
Modcrately strmg medium sub-mpk. Slightly hud fiable ta finn. slightly plastic. 
cmercrionsabandant. 

- Massive ind dominintly caiachs 

0-1 lm 
AP 
11-17 an 
ABC 
17-34 an Bic 

75 YR 3/3 bmwn bhck loamy vay nnt sand with no p m l .  Very WC& 6.n~ and medium 
gruiuiar. Soit. tinable mm plastic and rn sticky. C a i m t i m  unnmon. 
75YR 4/3 bruwn black louny 6nc und with no -1. Stnmurc is modtratcly s tmg medium 

7 5  YR 314 dark brown loimy 6 r ~  d wilh fcw p w l .  V y  wak, me and gnmilat, roft, 
hiablc, naI pl--c and rndnai stidry. Canactials canmm. 
75YR 416 bmwn blidr Iouny 6im sand wiih Féw pwl.  W d .  fine subangular. StighUy 
hud filb1t to ûrm. S L ~ ~ M I Y  ~~rrtic. canma~. 
7SYR 5/3 brown black louay fine sand anth duii aaap manla with and gravel. MadentcIy 
s m g  medium lub-anguh. Siighîiy hud. aiible to 6m. slightly plastic. Cuiaetiau 



3&56 cm &c 

SïTE AND PROFILe DESCRIPTION (l997 sites) 

Carcrui~ll~ammon 
75YR 514 duil bmwu sandy day with bright mi brown auip mdtics (74WP) with and 
p v d .  Mcdmtcly s m g  m d i m  rngular blodry. Vcry bard. vuy fïm and plutic. 
Ccnactio~mmy 

C M  w 
0-1 lan 
Am 
11-22 an 

CF#2 D3 

5YRZ/2vuydarkndbrownlonmytincundnapvtl. Veryweak.fincandgranuiarBTsoft. 
mie. non pliutic Md naa sticky. Caicrrtials ammai. 
5YR 3/3 dark raldisà brown l m y  rand wilh few gnnl. Sinidurr is medium coane single 

Man 
Ap 
7 -17 an 
k t  

75YR2nbniwnloamy~IoldnolpmLWcrlr,tineandvayfinegrndu.~fruble.non 
plastic and ncm sticky. t h a d m s  ea~maa 
75YR 314 dark bmwn siuidy dry laam no gnvcl, Walr to modauley s m g .  iinc ud medium 
gmdar. Slightiy lurd, &m. süghtly plastic ~~y 

17-36 an 
Blic 
3656 cm 
B2sc 

7JYR 413 bmwn undy &y with p v d ,  Modauely s m g ,  nnt and mcdium nib-anguh blccky, 
lurd, f m ~ ~  plastic. ~anacticn~ abunbnt. 
7- 5L3 duIl brown sandy &y with bnght mi b m  aanp mottles (24YR5/8) with and 
gnvel, Modcrately s m g  medium rngulu bloclry, vny hacd. vay 6m. and plastic. Caicrctim 



& 
S M c m  / 10YR5/4 tigbt grq &y lcaun Mth koaiiiish yelloa, mottics w& subangular. slighUy fh 

STNn 3B 
1 0-10 cm 1 1 0 Y W  Brown Sliidy 1- Werlt, fine gradue d t  fiable and ~n plastic. No grave1 1 

STFm 3A 
0-10 cm 
Al 
10-20 an 
A2 

20-30an 

10YR6/1 Bmwn sandy hm. Wcplr. fuic grandit. roft fnable and nrm plastic. No p v e l  
Fcw maetiau. 
10YR511 Grey d y  dry with ycllowUh kown m d e s .  Wcak 6nc granuiar . soft fiable 
and siightiy plastic. No p v c l  Fcw caurdai 
tOYR5/4 Iight suidy &y 1- wiih bmwnirh ycUw ~ U e s  WC& mbangular, 



I 1 d a m  bl-. Saft s~iligntiy hird io firm. iightly phtic uid sügùtly sticky. ~ t i o n s  I 

L*- I A  
IMcm 
Al 
7-15 
ABC 
LS-34 an 
Bite 

34-44 EmEp 

7.5 YRZrZbiorvnbi idrhsdy  larmwithgrvd. Weak. fincuidnry6m grantilar. s e  
Wk,nmpl*sticMdnais&ky-heonrrrtir*u 
75YR2/rbmwnbl~kbunyfintundinrh~~L W u k m o d e r a t c l y h ~ , s a t t . ~  
ühblc. nm phtic and m4&. Canaetiau cornmon. 
7JYR4I4 srndy clay loun with m g e  mottics (73YiW) with abmidant gravcl. Modauely 
samg mcdium marrt bIocky with rery the and fine pacs and chsnncls. Fe and Mn 
Umaeti~uabimduit. 
Miuivt. caurdaldmiinrn~ 

5678 a n B s  1 Mi9im Conerrtiau dominant 
L m - =  
(1.5 
Al 

L m -  IB 

tOYR3RkownbIIckfintundylorrnwithgivel. W ~ f i n c a n d m c d i r n ~ u k S o f t , v u y  
hiable. 1m91utic Md non sticky. Few amaciiaia 

@7 cm 
Al 
7-ISaa 
ABC 
15-26 an 
Bik 

2845 cm 
B* 
45-71 cm B a  

1OYWZ brown bI& sandy day loun with p r t L  Wcak, fine Md vtry 6ne gamilar. soft. vcry 
airble. nm phtic and nm-sticky . Caiaericas carmm 
10YR3D dak bmwn b y  Eric sand with pvcL Wcak to inodcraiely s-g. axrsc single 
grain.Lmae,fiiable.naiplrrticand~n~.Caicrctiaisibundanibundant. 
1OYR4/4 brown sanày dry loim with amgc d e s  (7m716) ancl abundant pwl. Wcak to 
makratcly s i m i g  fine to medium mb-nnguiu blccky. hud fam, stigbtly phtic and slightly 
sticky. Cmerrtioiu abimdmt. - 
IOYRSi3 rPndy &y na gnvel. Modaatcly strcag medium aud  cou^ blcely. Hard, very tïrm, 
plastic d sticky . Cometiuu àaninant. 
Mhw. Caieretiau doniinuit. 

5-14 
AB 

1428 an 
BI& 

L m -  1C 
1 O-7an 

lOYR4D gr8yyeUw kami fiae sindy &y loM with rkmduit gravcl. WC& to modcntcly 
s m g ,  fke and medium nbuignfar biocky. SlighUy hud fiable to th. siightiy plastic Md 
stgbtly ti&. Caicrcticn armmat 
5YR313 d u k d  brima -dry with grave[. Madaiitly mg, very fine and fine blocky. 
~ ~ p h t i c m d s ~ . G m a e t i ~ ~  ibiindiat 

28-50 &x Mua~Coitactiaudpiriiarnt. 



L.u-A JC. 

M c m  
L 

6 1 4  cm 
ABt 
14-29 cm 
Bite 
2941 an 

, Blk 
1 41-70 an BSC 

L m -  3A 
M c m  
AR 
6-13 cm 
AB 
1 W c m  
Btxc 

lOYR sandy loun with gravcl. Vaywcak, frac to medimn granular. M. niable and. non 
plastic. Caiaetials Ftw, 
11 YR 6nc suuiy Loim wiih pvel. Modaitely stiong. fine and medium p u l a r .  SlightIy hrPd 
slightly finn and nai plrrtic cmmton. J 

11 YR th spndy loM witù gnvcL ModawIy stmig. One and medium p u l a r .  Slightly hard. 
slightly tirm and iiai plastic Massiyt uid abimduit conactim 

. 
0-7 cm 
Al 
7-19 an 
ABtc 

- 
10YR2/i b lackf inccs isy lo imwiîû~.WcrL.6nc~vay6ncgnrmlar .  Soh. kiable.nm 
plastic rad nm ticky. Coaa#ian - 
10YR2/2 h b l r k  siady ciay imm with p v d .  Wak m maientely stnmg. 5 e  and 
wdiimi bl-. Soft sligntiy hud to Qm, ligbUy p l d c  and siightly stickyticicy Conaetiais 
ahundant 

L m -  3B 
0-5 an 
APC 
5-13 an 
ABC 
13-40 cm 

' Bits 
40-65cm 
B* 

IOYR fine sandy loim no gml, S m &  fioc pidu. SO& niable and nm-plastic Abundm 
cmaetionr. 
lOYR smdy lm. grad. Stmrg, f i e  and sub-anguiar bloJry. Slightly M. fim. slightly 
plastic. Abundant anattiais, 
lOYR sandy dry, p v e L  Smg. fine m very hic b ~ i o c l r v .  Hard , tirm to very h and plastic 
rnd sti*. Conc~cCiQU danhant. 
IOYR day, M p w l .  Stmig, vay fiat blodcy. Vqhard ,  vay hm, plastic and stiely. 
Crncntial$ d4mhmL 

r m  .lm 



- - 1 r ü a y  sticiry. Caacrrtim conrnoa. 
14-28 1 !iYR3/3 dult r d  bmain mdy chy with gnwL Modcntcly sbaig. vriy fine and fine b1ocky. 

1 abrmdant. 
1 1 -24 an ( UYR duit rcd brawn chy loun with gravcl. Modcraiely stroag, [iae and medium blocky, h d .  



A B W  Al 
1 0-10 an 1 5 YR 514 Grey biack lcamy oint s u d  W& single ph. nm plastic and nrn sticky. Very féw 

AP 1 camctials. 
10-20 an 1 5YR 4/3 Grcy bmam amme uady lam. W& nm pirrtic and nrniticky. Vcry few conactiam 

--- 

A B W  Cl 
1 5 YR 514 Grey black l m y  a m c  s i n b  WC& single grain. non plastic and non stidcy. 1 

ABFM B1 

Ap 1 Very fcw cu~~ictims. 
10-20 an 1 5YR 4 0  Grcy bmam annc d y  lam. WC& nai plastic Md non-stidcy. vcry fcw amattials 

dl0 cm 
AR 
10-20 cm 

5 YR 514 Grcy blick louny ccasc saud. Wcrlr. single grsia. nan plastic and non stidry. 
vay few amuetiats. 
5YR 4î3 Grcy brown d y  Ican. WC& Ilan plastic ad non-sti*. vcry fcw amactiau 

A B W  A2 

A B W  B2 
1 0-10 an 1 5 YR 514 ~ r r y  biacic ~ m y  c o ~ e  r i n d  ~ c r ~ ,  sine pin, non piastic and non sti- 3 

O40 an 
AP 
10-20 an 
At 
20-30 an 
B 

AR I VaY few CmQCtiaIs. 
10-20 an 1 5YR 413 brown c~ane rady loim. Wuk. non @tic and am-sticky. Very fcw conmtimr 

5 YR 514 Grry black louny couse d W& sin& gnih non plastic and non sticky. 
very fcw amuetials. 
m 4 n ~ r r y b r o w n o o ~ t l a n d y ~ 0 r m . ~ u k . ~ o n ~ i ~ t i ~ i n d ~ t i ~ v ~ f ~ ~ t i ~ i u  ' 

SYR4I4 Ycllow grey coam Iindy luun with aanp md brown d e s  CIJYR6Iû) fcw gravet. 
Onmilat. non plastic nnd nm sticky. Vuy few amactions 

A2 
20-30 an 1 SYR414 Yeliowùh bmwn e ~ p ~  s d y  c i 8 ~ h m  with a8ne d a  CI5YR6/8) f w  m d  1 

A2 
20-30 cm 
B 

AD 
10-20 an 1 5YR 4î3 Grey bmwn m e  smdy Iomt W& non plastic and ll~~-sticky. Very fcw mactiaas 

SYR4/4 Yeiîow p y  caamc uady diy i a m  wiih auigc and bmwn mottlu (ïJYR6/8) fcw 
gnvcl. Moderarey s m g  mbuigiirir. pbiic and sricky. Vay few amuctians 

A2 
20-34 cm 
Bi 

SYR4M Yellawish bmwn came rsndy &y laam with arngc d a  (ï.SYR6/8) fcw gravcl. 
M o Q n t c l y ~ g m c d i m n o ~ i s ~ ~ . V a ~ f m ~  



Ap 
10-20 an 1 5YR 413 Grey broam course &y hm. WuL. mm plastic and ncn-sticky. Vcry fcw ccacrctiau 

AP I 
10-20 cm 1 5YR 4/3 Black d y  Ioam. WC& nm piasric ind nm-stiEky. Many caiactiam 

A B M  Q 
0.10 an 1 5 YR 5/4 BIack Iouny Mb W& single gnin. nm plastic and mm sticky. Coiiaetiau muiy. ( 

A B W  BI 
0.10 cm 
AP 
10-20 an 

5 YR 3 4  Bhck loamy rand WuL, single gaih ~ioa plastic and non sticky- 
calactions CanInaL 

5YR 41J Brown cIay lm. Siightly plastic and stidry, Wdrh stains, saprolite in nature. 

Apt 
1@20 an 
A2c 
D30 cm 
0c 

5YRw Brrmncliyloem. Slightlyplsrtic d stidry.  W h i t i r h h ,  10pmiia innam. h y  
crxiartimr 
5Yû4/4 Greybrûwnsandyciay iounwith-du (ï5ïR6/8) few pvcl.Modaahly 
s m g  medium corne bIoekyoeky Miny annctioiu. 

AB= A3 
0-10 cm 
AD 
10-20 an 

SYR5î4Bkklapmyrriid WaL.riiylegiui.naapIuticandnaisticky. 
Fcw ~ ~ l l ~ ~ t p o a s .  

m 4 / 3  Brown day loam SlightIy plutiEaild stidry. Whitishstahs. saplite in nanut. 



B 1 rtmag medium coarse blocicyocLV Calaetions canma~ 1 
ABFlYJ 83 

1 0-10 cm 1 5 YR 514 Blsdr loimy rand WC&. single grsin. non plastic and non sticky. 1 
Ap 1 Few ccacntias. 
10-20 cm / 5YR 413 Brown day loain, Slightly plastic and sticky. Whitish h. srprolitc in nanue. Few 

ABFWSC3 
1 5 YR 5/4 Bl rk  Ioamy suid WC& single grsin. mm plastic andnan stidry. F w  cauctim. 1 

b I 
lcr2ocm 1 5YR 4/3 Brown clay loun, Slightly plartic d sticky. Whitish s t ù r u ,  sapmlite in nature. Fcw 1 

A2 1 
D30an 1 Sm414 Black chy loun with whib strins, few gravcl. Modauely s m g  medium coane blodry, 

a l 0  an 
AP 

5 YR SI4 Brown blnck sMdy I ~ M L  Weak, single gnin, non plastic ancl non sticky. Vary few 
conactim. 

1 6 1 0  an 1 5 YR 514 Brown bladr d y  loun. Wult. single grain. non piastic aud non sticky- Caiactimr 1 

10-20 an 1 5YR 4P Black clay l m .  Siigbtly h, plastic m-sticky. Vay few canuctians 

1 vay few amcrctia~s I 
A B M B I  

5YR414 BI& clay loun wiîù white stiinr, fcw gravd. Madmrcly stmng medium a>rne blodFy. 
Concrrtials ecmyiuri, 

0-10 an 
AP 
10-20 an 

5 YR 514 Brown bladr sandy loam. WC& single grsin. non piastic and nm sticky. 
Vay fcw canuctials. 
5YR 4/3 BI& clay loam. Siightly finn. plastic m-sticky. Vay ftw c o n d a n s  

ABFU6 AS 
0-10 an 
Ap 
lD.20 an 
A2 
2û-30 an 
B 

S YR 514 B m  blicir wdy loun. Wuir. sin& ph. nai plutic Md ium s t i e .  
Vay few caicntiais. 
5YR4f3 B b k  tiay laam Siigbtly firm, plmtic nca-sticLy. Vcy few c m a c t i a ~  

5YR4/4 BI& dry  loun with white stiinr. f w  pvcl. Modaitcly s-g mcdimn c a ~ t  blodry. 
Vcrv f w  dais 

AB= B2 
0-10 an 
A0 
10-20 an 
A2 
20.30 an 
B 

5YR5/4BrownblockundyIoraWC&.~egrsin.aonpIuticrndnairticLycLy 
Fm ccacntials. 
!iYR4/3 Blndrdry I o m ~  Slightiy fam, plastic nm-sticky. Conaeriœw caumm. 

mZ4/4 BI& cI.y loun with white stùus, tm gnd. Makmccly stmag medipm amc blodry. 
Cmactials oommon, 



AB= A3 
1 0-10 an / 5 YR 514  mm bhck &y I ~ M L  WC& single iqiiiu. non plostic aad nm sticky. I 

AP 1 cnurctialscanmal. 
10-20 cm 1 5YR 4/3 Bhck day loam. Slightiy fimi. plastic noniticky. Cainetiau many. 1 

A B M  B3 
1 5 YR 514 B m  black sandy loam. WC& single grPin, non plastic aad non sticky. 1 

A2 
20-30 em 
B 

AP 1 FewcQlQctiau. 
10-20 an 1 5YR4/3 BI& dey loam. Slightiy firm. plastic nm-sticky. Fcw miactims 1 

5YR4/4 BlacL clay loun with white s-, few pvcl .  Modaotcly s m g  medium m e  blocky. 
Canactiaar many. 

A2 I 
%30 cm 1 5YR414 Black clay loun wiih white stains. few gravcl. Modaately stmag medium caMe blocky. 

A B W  C3 

ABH7 Al 
) O-1Oan [ 5 YR 514 Grey black loîmy cwse SU. W& single grain. mm plastic and - stid;y. 1 

0-10 cm 
AP 
10-20 an 
A2 
20-30 un 
B 

AP 1 Caiactiaucanmcn. 
10-20 m 1 5YR 4i3 Grey brown conne widy Ioun. W d ,  n a  plastic ind non-sticky. Many cmactiau uid 

5 YR SI4 Brown black washcd sand Weak single grain, non plastic and non sticky. 
c a l m t i a u  CaMluL 

5YR4/3 Black clay loam. Slightly &m. plastic m-sticky. huetiaw common. 

5YR414 Black c l y  loam with whita stains. few gravcl. Modentely s m g  medium amse blocky. 
Coaactials - 

ABFüï B1 
1 O-10- 1 5 YR 514 ~ r o w n  F ~ K  &y IOM. WC& sin* pain, aon plastic and non sti~ky. ~onaet ia i s  I 

A2c 
20-30 an 
Bc 

AP Icmunon. 
10-20 cm 1 5YR 4/3 Grey bmwn a m e  .uady l m  WC&. nan plrttic ami nan-sticky. Caiaetiau canam. 

sand stollg 
SYR4/4 Yellowish brown conme d y  clay laun. Muieraccly s t m g  medium course blocky. 
Abrmdant c m a t i a s .  

Au 
10-20 an 1 SYR 413 Grey brown couse s d y  1- W& non plutic uid nmiticky. Caimtians m a n .  

A2 
20-30 an 
B 

Kcccs of oind stme in mdacd radte.  
SYR4/4 YcUowish brown couse sindy &y l m  Malcntcly stmig medium coarse blocky. 
Cmcdcns m o n .  Picces oisand stme in uowdcd uprolitc. 

ABW A2 
0-10 an 
A0 
10-20 an 
A2c 
2&30 cm 
Be 

5 YR 514 Bmwn Fine mdy loam. W& single pain, non plrstic and m n  sticky. 
Caanctims clmmPa. 
5YR 4 0  ûrq bmwn couse sindy 1- Wealr, n a  pl* ud lyll-. Mmy d a u  and 
picagaf &y m d ~ s ~ i n ~ u p m l i t e *  
SYR4/4 Yeüowish biriwn mane &y clay losm. Maimkly strcmg medium couse blociry. 
Abrmdint anrrr t iau iad pices ofday and sand stme m pcwdmd s d t c  

ABW 82 
5 YR 514 Brown Fine sandy lam. Weak single grmi, nm piutic and mm sticky. 
Cmcrch-i~is mmmm. 



ABwa 

Au 
10-18an 1 Gritty rmdy lorm Wk line Bimilp, Smgie gains. Fm 6ne roots. Ncn plastic and non- 1 

0-10 an 
AP 
10-20 an 

, A2 
20-30 an 
B 

A2 
2MO un 1 5YR4/4 Yciiowisb Clay h m  with mngc mules 03YR6t8). Fïm and medium submgular 

5 Yi€5/4Bmwa Fuie sandy loia WaL. single ph, non plastic and nm sticky. 
Few conuctiaw. 
5YR 413 Grey brown a i ~ e  undy Ioam. Wak, ncm pIastic and non-sticky. Many conuetiaas and 
picccf ofciay rndsandstale kpowdaeduprdite. 
!ZR44 Yellowish bmwn corne sandy ciay loiim, Modartely s m g  medium mame biccky. 
Abundant amcretim and pieces d d a y  rnd wd sime in powdaed saprditc 

L 

ABW A3 - 
0-10 cm 
AP 
10-20 an 
A2 
20-30 an 
Bc 

5 YR514 Brown Fuie sandy loim. WuL, single ph, non plutic and n m  stidry. 
F m  amcretials. 
5YR4/3Grrybrownco~edyloam. WtJE,~ipluticandnai-stidrj.Fiwcunaetio~and 
Picces of ciay aad s d  staie in mudacd nprolitt. 
m 4 / 4  Yellowhh brown couse sandy ciay lorm Mcdaotely strong medium coarsc b1ocky. Mmy 
cameticas rnd picas of clay d sand stonc in powdaed saproüte. 

A B M  B3 
@10 an 
Ap 
10-20 cm 
A2 
20-30m 
Bc 

5 YR 514 Bmwn Fi sandy lorm, WC& ringie ph, nm plastic and ncn s ticky. 
Mmy cmactiuu. 
5YR 4l3 Gxcy bmwn mane srndy loia Wulr; nai plastic md nm-sticky. Abundant conaetiau 
ud piecc~ d d a y  and sand stmc in pawdend saprotitc- 

A 

5YR414 Y e l l h h  brown ccure slady clry. Modaately m g  medium mane blocly. Abimdant 
- caiactirnr a d  pieca of clay uid d stmc in powdacd sapolite. 



1 B, 1 b m ,  sticlcy utd plastic. Vuy few earcrrtims. 1 
CRF B1 
0-10 an 
AP 
10-20cm 
A2 
20-30 cm 
Bt 

5 YR 514 Gry black clay laam Firm rad medium submg~i~  blodFy, stightly sticky and plastic 
V a y h  miactiolls. 

SYR 4/3 Grey b m  clay loam. Firm and medium nibangular blocky, stigbtly sticky and plartic. 
Vcry fcw maactiais. 
TYR414 Yciiowhh clay loam with m g e  moalw (im6/8). Fum and medium sub-angulru 
blncky. sticky and plastic. Vay fcw caiactiam. 

l 

CRF Cl 
h 

0-10 0i 
Ap 
10-20 on 
A2 
20-3Q an 
& 

5 YR 514 Gny black clay luam. F i  and mcdium ntb-mgulir blocky. slightly stieky and plartif 
vay fcw eaiaetim. 
5YR 4/3 Grey brwm clay loam, Finn and medium sub-mw blocly. slightly s t i d r y  and plutic, 
vay fcw mnactials. 
5YR414 YcUowish ciay lmm with mange mottler (7 JYR618). F i  and medium subsngular 
b-, stielry and plastic. Very fcw conacticms. 

CFR A2 
0-10 an 
AP 
10-20 an 
A2 
u)-30 cm 
Bt 

5 YR 514 Orey bldc clay loam. F I  and medium subangular b l q ,  slightly stieLy and plastic. 
vay few cuinetiais. 
5YR 4/3 Grcy bmam clay Ioam, Firm and d m  sub-angulu blocky. slightly sticlcy uid plutic. 
Vay icar cmcrctials. 
5YR414 YcUouish ciiy loun with mngc d e s  (73YR618). F I  and medium nib-angular 
bloety. sticky and plastic. Vay fcw caiactiass. 

CRF B2 
0-10 cm 
Ap 
10-20 cm 
A2 
20-30 an 
& 

5 YR 514 Grey black clay Imm. Fm and medium subangulir blocily, sügbtly s t i w  and plrrtic- 
Vuy fcw conacticms. 
5YR 4/3 Grey brown clay lam. Çm and medium subangulu blodcy. sli&dy h k y  and plnstic. 
Vay fcw COMC~~QIJ. 

SYR4/4 YcUoariah clry loun with œange d u  (iSYR618). Fitm and medium sub-mgular 
bloety. sticky anâ piastic. Vay fcw amaetions. 

ma 
610 cm 
AU 
10-20 an 

, A2 
2&30 cm 
& 

5 YR 514 Grey black clay Imm. FPm and m c d i m  submgulu blocly. slightly sticky d plutic. 
Vay few m ~ a e t i m .  
SYR 413 Grey brown cliy laun. Fum and medium submylar blocky, süghtly stick)' md plastic. 
Vay few cmrrrtiau. 
5YR4/4 YcUowish clay loun with mnge d e s  (75YR618). Fim and medium sub-angular 
blocky. sticky aud phtic- Vcry ftw amacticas. 

CRF A3 
0-10 cm 
M 
10-20 cm 
A2 
m3û an 
& 

5 YR SI4 Grey blidr cliy laim. Fîrm iad medium submgulu blocky, slightly sticky d plastic. 
vuy fcw amrrrtiau. 
5YR 4/3 Grey bmwn d r y  l o i a  Finn uid medium nib-angulu blofky, slightly sticky and plajtic. 
Vayfkwconactimt. 
5YR414 Yciiowish clay loam with map moules (7JYR618). F m  and muüum sub-mflar 
bidw. stïcby and plutic. V a y  fear cmaetiam 

C E  B3 
0-10 cm 
AP 
1&20 an 
A2 
20-30 an 
& 

5 YR 514 Grey biack &y l m  l%m and medium sub-mguiir bl-, siightly stidry ind plutic. 
vay faw d a m .  
5YR 4/3 Oiy ùmwn dry 1- Firm uid medium nib.anguiu blocky. slightly stidry ind plasti~. 
Vay fcw amcrctim. 
SYR4/4 Yellawish d i y  Iomn wïth crans d e s  (75YR618). Finn and mcdium sub-uigulat 

_ blaky, stidty d p M c  Vciy fetv oancrctim. 
CRFC3 





Plant species encountered a the Udtivated site 

Number of Relative Relative 
individuai Densiîy fkequency density 

Lice lorm plmts Fteqwcy (#of (96) 
pts/d)  

woo& w e ~ ~ ~ s h t u b s  
Acacia goumenris 8 11 0.44 11 22 
Pterocmpus eri. 7 17 0.39 17 20 
Buryrospernm paru. 7 17 0.39 17 20 
Sterospernum cm. 4 Il 0.22 11 11 
Comùrenun glu 2 5 0.11 5 6 
Acacia alb. 2 t 1 0.11 11 6 
Tenninalia mi. 2 1 1 0.11 11 6 
TemrrmnaIia mollis 1 5 0.05 5 3 
Cornbrenan gus 1 5 0.05 5 3 
Anom senegaienses. 1 5 0.05 5 3 

Herbs 
Hibiscus Vitilittis 34 33 1.89 18 30 
Borretto scarba 32 22 1.78 12 28 
Desmodim sp. 9 11 0.5 6 8 
Aspillia sp. 8 17 0.44 10 7 
Tephrosia elegance 6 1 1  0.44 6 5 
Thisium viridi 4 5 0.22 3 3 
Synedrella nodflora 3 33 O. 17 6 3 
Anchiosus sp. 3 11 0.17 6 3 
Angiossis leicarpus 2 5 0.1 1 3 2 
Indigofera puchra 2 11 0.1 1 6 2 
Philaniha sab. 2 5 0.1 1 3 2 
Stylosanthus hypo. 1 5 0.05 3 1 
Cyphostana cyn. 1 5 0.05 3 1 
Dioscorea lecardii 1 11 0.05 3 1 
C d a  mtmsiodk 1 5 0.05 3 1 
Cuculigo pilosa 1 5 0.05 3 1 
Tridax procubem 1 5 0.05 3 1 
Vinna pubesens 1 5 0.05 3 1 

GMSSCS 
Heteropogon consornu 49 28 272 21 30 
Angropogon goyanus 38 28 2.11 21 23 
Ronboelia m l .  22 17 1.22 13 13 
Seteria 19 22 1 .O5 16 12 
Brachima j-ta 15 17 0.83 13 9 
Anbropogon schirensis IO 5 O55 4 6 
Hyprnhiniurujù 8 5 0.44 4 5 
cvpm sp. 4 11 0.22 8 9 



Number of Relative Reiative 
individuai Density fkequency densitg 

Pterocarpus cri. 8 i5 0.4 17 26 
Acacia gomemis 6 15 0.3 17 19 
Anona senegalemes. 5 5 0.25 5 16 
Buryrospernum para 3 15 0.15 17 10 
Terminulia mollis 3 10 0.15 11 10 
Snyhnos spinosa 3 15 0.15 17 10 
Sterospernwn rem. 1 5 0.05 5 3 
Mayterus senegalense 1 5 0.05 5 3 
Entado abysin 1 5 0.05 5 3 

Herbs 
Indigofera puchra 10 30 0.5 40 48 
Commelim erectra 6 35 0.3 33 28 
Euphobia sp. 2 5 O. 1 7 9 
Cochlocpernum sp 2 10 0.1 7 5 
Tephrosia elenance 1 5 0.05 7 5 

Grasres 
Heteropogon contom 49 28 272 21 30 
Angropogon gayaw 38 28 21 1 21 33 
Rottboelia m l .  22 17 1.22 13 13 
Seteria 19 22 1.05 16 12 
Brachiara jubata 15 17 0.83 13 9 
Andropogon schirensis 10 5 055 4 6 
Hyperrhinia M a  8 5 0.44 4 5 
Cypew sp. 4 Il 0.22 8 9 



Number of Relative Relative 
individuai Density Ikquency density 

Li& Ibrm plants FM- (#of (46) 
ptsid) 

Woodj( wecs/shrubs 
Combrem gosolense 3 20 0.3 30 38 
Acacia gomensis 1 10 O. 1 14 13 
A ~ O M  senegalenses. 1 10 O. 1 14 13 
Butyrospernum para. 1 10 O. 1 14 13 
Terminalia mi. 1 10 O. 1 14 13 
Srerospernum rem. 1 10 O. 1 14 13 

Herbs 
Barreria scaba 39 13 3.9 56 59 
Tephrosia eleganse 25 8 25  35 38 
Euphobia sp. 1 1 1 4 15 
Cassia minosa 1 1 1 4 15 

Grasses 
Andropogan shirenses 37 60 3.7 40 0.46 
Eragrostis curalin 24 30 2.4 20 0.30 
Angropogon gayanus 11 50 1.1 33 O. 14 
Ronboelia m l .  8 10 0.8 7 O. 10 

Nrunber of Relative Relative 
individuai Density fkequenq density 

Life t o m  plants Requency (#of (96) 
pts/d) 

woodg w e e s / s ~ s  
Combrenun gusalense 1 10 O. 1 25 25 
Acacia gomensis 1 IO O. 1 25 25 
Ano M senegaIensesCS 1 10 0.1 25 25 
Stylochnos spinosa 1 IO O. 1 25 25 
Terminalia mi. 1 10 0.1 25 25 

Herbs 
Tephrma eleganse 32 40 3.2 3 1 57 
Tndax procwnbense 21 60 31 46 37 
Indr'gofc~a pdcha 2 20 0.2 15 4 
Borreria scaba 1 IO 0.1 8 2 

Gmses 
Andropogan shirenses 37 60 3.7 40 0.46 
Eragrostk curalin 24 30 2.4 20 0.30 
Angropogon gayanus 11 50 1.1 33 O. 14 
Rotthelia d. 8 10 0.8 7 O. 10 



Number of Relative Relative 
individual Deusity ftequency density 

Lik hrm Pi- Frequency (#of (96) 
pts/mZ) 

Woody tteeslshrubs 

Herbs 
Stylochicum hypogea 10 60 20 20 29 
CIoeme viscosa 7 40 1.4 13 2 1 
Cassia minosiodes 5 40 1.0 13 15 
Borreria scaba 4 40 0.8 7 12 
Hibiscus sp. 3 60 0.2 7 9 
PhiIlanthus sabratus 1 20 0.2 7 3 
Biophylum petroz. I 20 0.2 7 3 
CucMlis me110 1 20 0.2 7 3 
Cuculigo pilosa 1 20 0.2 7 3 
Vigna pubugin 1 20 0.2 7 3 

Grasses 
Paspallunt sp 51 100 10.2 56 82 
Brachiria sngmrur 6 40 1.2 22 10 
Ronboelia exal. 4 20 0.8 Il 6 
Andropogan goyanu 1 20 0.2 1 1  2 

Nuder of Rellive Relaîive 
individuai MQ lkqwncy density 

Lire Ibrm plants Frequency (#of - (46 (%) 

Herbs 
Tephrosia elcgmce 23 60 4.6 43 72 
T .  procuniburre 7 60 0.4 43 22 
Cassia mimrmossis 3 20 0.4 13 6 

Gmses 
Bruchiria sngmanrr 32 100 6.4 36 39 
Digitaria 30 100 6.0 36 37 
Daqylotum aegypton 19 60 3.8 21 23 
Eragrosrfs ciun. 1 20 0.2 7 1 



L Sex: Maie male- 
2. Place of Birth 
3. Farnily's place of titigin (region) 
4.  oca al Gomnrnen~ a m  as T n i  FOUP 
5. Age (Please fi&) 

a)25aless  
b) 26-35 
C) 36-45 
d) 46-55 
e) 56-65 
966camtire 

6) Level of f m a l  ducation Wease tick) 
a) illiteraie 

b )  mary d m 1  
C) secondary schml 
6) post-=darysch~l 
e )  o k s  (specify) 
7. Maritai statu (Piease tick) 

a) married 
b) never m a n i d  
c) divDCCCd 
d) widowed 
IF male, number of wifé 
iF femaie, tank wiihin mamage (if in polygamaus marriage).-~ 

8. Number of chiidrw alive 
9. How many people Live altogether in your household 
10. Persais who are away mpaarily down south working 
11. Is Farming your major accupation? (Please tick) 

a) Yes 
b) No 

12. How many years have you b a n  îàrming? 
13. What do you consider your main agriculturaI activity? (Piease tick) 

a) Crop p r o d ~ ~  b) Livestock production 
14. ilas this always btai yair ma& activity (Picasc tick) 

a) Yes b) No 
IF No, explain 
15. What aops do yau phnt 2 (Please list in ardcr daaeage) 

16. Which lcind and numbcr danimals beiong to the household? 
a) cow C) d) poaltry 
b) &eep d) pig f) ImlIock 

17. Do you have any off-farm employment? Yes No 

1. How do yoa get land for farming? (mease tick) 
a) cœnmnnitj/ M y  inheriîance 
b) goveniment 
C) falt 



dl ahas (specify) 
2. is it eesy fa every one in the eomrnunity to acquise iand lor W m g ?  ( P h  tik) 

a] Yes 
b) No 

3. Do yw ihink the ciirrent system O€ land mure is hir to al ? (Pl- tick) 
a) Yes 
b) No 

4. Does yarr farm conskt of several small pIw cr me big one? (SpeciSr) 
IF then are scvaal s r d i  mes: 

a) how many are ihey 
b) how lar apart are they 
C) wh y are they separatex! 

5. What is the size of eash of pur farms (acres or local masure) 
6. Daes it belmg to : 

a) yw 
b) family/mrnunity 
c) go* 
a) ahefs(specify) 

7, B it easy to aqime m m  land fa M i n g ?  (Piease îick) 
a) Yes 
b) No 

IF Yes. wftat wouId bt the source O€ this extra iand? 
what would be the distance fiam the m n t  lands 
what type of land wwId it be? (Please tick) 

a) Wow land 
b) native iand 

8.1s it osy for nm-natives Co get land for faning? (Please tick) 
a) Yes 
b) No 

Laad use and Lsad degraâatim 

1. How long have you beai b i n g  : 
a) your carrent compound farm Iand 
b) your climnt busfi lann Iand 

2. In these years have you noticed any change in the mditicm of your 
a) compound farm Iand (Piease tick) 

YÛ 
No 

b) bish f i  iand (Please tick) 
Yes 
No 

3. What is the caiditim of pur: 
a) compamd fm land today cunpared to when you started h i n g  it. (tick) 
1s it becoming : BADWORSE BETER NO-CEFANGE 

4. What is the amdiiicm of yarr: 
a) bash fàrm land taday canpared to when yai started farming it. (Please a&) 
1s it beaiming : BAD/WORSE BElTER N(I€&WGE 

5. What can yai say abait the quaIity of yom neighboiiris h m  land? 

6. What is the generaI cmditicm of Iand beionging to the village? (Piease tick) 
a) canpauid fium land: Is it becomiag BADBEITERNCI-CHANGE- 
b) brisfi hm land: lo it becanhg BAD-BEïER-NO-CEIANGE- 

7. Cau yair Earm more land when n e e a s e  tick) 



a) Ycs 
b) No 

IF Ycs: 
a) how can you gec mare land? 
b) would it k near ar Ear? 
c) muid it be 'fallow' land œ 'native' land 

8. Is it easy fa suangets to have access to fim land? (Plcas tick) 
a i  yes 
b )  No 
IF Yes. how many mangers had acqMed land dirring the last farming seasmi? 
9. What wwld you yay about the availabüity of farm land ioday as amnpared to 30 pars ago? (Piease 
tick). 

a} m m  readily avaüabte 
b) less d y  availabte 
C) same as before 

10. Has the length of Iand cuiti~tion belore fallow incfeased mm the last 30 years? (tick) 
a) 
b )  No 
IF Yes. why 
11.1s it easy to find 'faüowed land for dtivation in your community? (PIease tick) 
a l  Y= 
b )  No 
I2.Howcanywiell: 

a) a 'goad' virgin iand from a 'bat virgin iand? 

b) a 'goad' active farm land h m  a 'bad' active larm land? 

c) a 'gcmd' Wow land h a 'bad' fallow land 

13. Do yw have some abandonecl farm lands in your annmunity? (Please ci&) 
a l  
b )  No 
ïF Yes. why are these îàrm lands abandaieû? 
14. How do yai  teU Ihe différence ktweui and 'abandone$ land and a 'biiow' land? - 

15. On yarr own hm land have yw evcr: 
a) made amtour bounds? YES NO 
b) stonc i ind = N o -  
c) planted mes YES-No- 

16. Have you ever, dont any of these un canmunity land? Y E S N O -  
IF Yw, Pîease spccify the type of activity 

17. Where is yoar hausehoid W cdIected? (Pime cick) 
a) own farm land 
bl cacnmunity iand 

c l  bJth 
18. Is 6rewood dection beaiming : EASER-DIFHCULT-NO-CHANGE- 
19. Do you a any a f y a ~  househoid members make chamai? YES NO 
IF Yes, how many limes do they maire durtcoal in a year? 

how many bags do ihey maLe in a year? 
2û. Do you ihink chucoal making had inmami in yan aanmunity over the last 30 years?. 
mN0- 
IF Yes, whaf io the reason for this inaease? 



THANK YOU FOR YOUB TDIE 



L a b  
1. How many d your hwsthold members wnk on the household hm? 

a) fidi t h e  (men-women chiIdrcn-1 
b) part-îime ( m e n - ~ a m e n ~ ~ c h i l d i e n . ~ )  

2. Does the fann household hire any cash paid iaùour far: 
a) iand preparation Yes NO 
b) p l a m 3  Yes No 
c) d l 3  Yes-No- 
d) harvesting Yn NO 

3. Do you engage communal labour for : 
a) iand preparatim Yes-No- 
b) p h t i n g  YQ NO 
c) weeding Yes No 
d) harvwting Yes No 

4. What is the busiest month of the year for the f i  househoid? 
5.1s labour readiiy available at îhis time? Yes NO 

1. k there a Minisiry of Agricuiture office and a an Agricultirral Development Roject situated in or ncac 
your community? Yes NO 

IF yes. have yw ever benefited hm cheu senices? Yes NO 
State how 

Z Do you use animal manure on: 
a) campound farm Yes NO 
if No. why? 
b) bush fann Yes No 
if No. why? 

3. Do you use chemical fertilizers on 
a) compound farm Yes No 
if No, why? 
b) bush farm Yes No 
if No, why? 

4.ûoyouuseimprovedseed? Yes No 
if No. what is the source of your seed 

S.Doyouusepesticideonanycmp? Yes No 
If Yes, which aops? 

6.Doywuse:(PIea~etick) 
a) tractor 

b l  bdock 
-4 
-4 nme 

ifpuseaacta.isi1: 
-a)yourown 
b )  fented 
ifyouusebullock 
D y o m ~  
b )  r e n d  

7. Do yw have access to credït? Yes NO 
EYes, in what f m ?  (cg. msh, input etc.) Spai3r 

8. Haw d y  availaMe are fanning inputs CO pu? P h s e  WC) ~~~~ rotclrornot 
a) lettiluer Pl 121 Dl 
b) chernical spray [II 121 131 



Marketing and liaancial rrswrees 

1.Doyw: 
a)seiiaiiywtcrops? YW NO 
b) consume aiî in the house Yes NO 
C) seiiparcandcu~sumepan Ycs No 

2, If you do market part of jmr crop, what propaticwt dù p market? 
3. What ma* problems do ywi face in marketing your aops? (Please spaify) 

5. ?km many membets of yaut household contribute to the househoid incorne (money, produce etc.) 

6. What are the main sortrces of incorne fa the househoid? (Rank l= higheat, 2= saond highcst etc.) 
a] agricttlture 

b )  employment 
c) diatooal making 

-4 -g 
el h a n d i d  
9 empioyment outside the regim 

nl o c h ~ ( s p e c i f y )  
7. What are the main cash expenditltte during the yeat (cg. food schod fees. dacbing, social obligations, 
fmn inputs etc). Piease List and indicate when they occur 



THANK YOU MIR YOUR TIME 



1. Have any majar changes faken place over the last 30 years celated to: 
a)crop~yaigrod! Yes No 
IFyes,pleasedescni 

b) Iand tenue? Yes NO- 
IF yes, please desaibe 

Ik yes, please describe 
ii) seed Yes-NO- 
IF yes. please descrik 
57 agrocfiemicai Ycs NO 
IF yes, please M b e  

4 Pest: 
i) occmence Yes NO 
IFye-s,pleasedesaii 
3W y=- No 
IF ycs, please desaii 

e) ~ccutfence of bush fires Yes No 
IF yes, please descni 
f) ûthets (speQfy and desaii) 

2. Rank the foiiowing pmbiems related io ywr agricultiital activities (Rank by nurnùering L2.3. etc. 
with 1 = the m m  impmant). 

a) declining scd fertiüty 
b) la& otadepuate land fix fming  
c) lack of nlcvant infamaiion to sustain agricuitural praiuction 
d) lack afagricritlural inputs 

-mis (please rank) 
seed - 

f & e t  
agmchemicals 

-marketing faciiities 
o t h m  (sliecify) 

3. What is the m m  impaiani causeof the probtems yau have just mentioned?. IEow do they affect your 
production decision and how do yoa deaI wiih them? 

1st RoMem:(specify) 



capse 
E&cton production decisims 
Strategy/saiutions 

Caus2 
Effect on production deasions 
Str&gy/solutions 

Cause 
Effect on production decisions 
Strategy/solutions 

THANK YOU MIR YOUR TIME 




