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ABSTRACT 

This study was carried out to investigate the effect of time on the physical changes and water 

shedding potential of three landforms established on the Vertisols in a coastal savanna zone of 

Ghana. Observations showed that crest height of the Flat Beds (FB) changed only minimally 

from an initial value of 0.09 m to 0.07 m after two years and to a final value of 0.069 m after 

five years. The observation suggests that the FB stabilized very quickly and remained un-

changed once constructed. However, the crest height of the Broad Bed and Furrow (BBF) 

decreased from an initial value of 0.194 m to 0.163 m after the first two years of construction 

and further to 0.149 m after five years. In the case of the Cambered Bed and Furrow (CBF), 

crest height decreased from 0.39 m to 0.35 m after two years and further to 0.30 m after five 

years of formation. Accompanying the changes in crest height were also changes in land sur-

face configuration. In both BBF and CBF, there was significant reduction in concavity of the 

crest-to-crest configuration after the first two years of construction but there were no signifi-

cant changes thereafter. Ageing therefore affected the water shedding potential of the various 

land forms. Both the FB and CBF had a reduction of 15 % in water shedding capability after 

5 years of construction, while the reduction was 12 % in the case of BBF. 

INTRODUCTION 

Vertisols in Ghana cover a total area of about 

1,820 km2 (Brammer, 1967) with 90% (1,630 

km2) located within the coastal savanna zone of 

Ghana. In spite of their high fertility 

(Pushparajah, 1992) these soils generally re-

main under-utilized for crop production be-

cause of their physical limitations (Kowal, 

1964). Because of the high montmorillonitic 

clay content of Vertisols, they swell on wetting 

(40-50% swelling) and stick to farm imple-

ments during farm operations.  The swelling 

also closes the pore spaces, reduces infiltration 

and leads to ponding of water over the soil sur-

face. The anaerobic conditions created under 

such ponded conditions are unfavourable for 

upland crop production. It has been established 

that efficient surface drainage is the key to im-

proving the productivity of Vertisols (Jutzi et 

al., 1987).  According to Ahmad (1989), Verti-

sols located on flat land with negligible internal 

drainage, require modification of the soil sur-

face into micro-relief of varying widths and 

depths to provide upland crops with suitable 
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amount of soil water and aeration during the 

growing season.  Therefore land-shaping is one 

of the important techniques used to shed excess 

water from such soil to enable upland crop pro-

duction. The Broad Beds and Furrows, BBF, 

(or Ethiopian Beds) and Cambered Bed and 

Furrows, CBF, are among the important land-

forms that have been used to improve surface 

drainage and, therefore, the productivity of 

Vertisols.  Broad Beds and Furrows have been 

successfully used to improve crop productivity 

by Kanwar and Virmani (1987); Jutzi and 

Abebe (1987); Hailu and Dibabe (1992).  The 

successful use of CBFs has also been recorded 

by Spence (1967).  Limited studies in Ghana 

also showed that CBFs established on the Ver-

tisols resulted in significant increase in maize 

yields when compared with yields from the 

traditional flat beds (Ahenkorah, 1995; Asiedu, 

1996; Yangyuoru et al., 2006).   

Due to the high cost of establishing these land-

forms, it is desirable that once formed, they 

would last for a reasonable period of time. This 

is often not the case as it has been observed that 

the landforms gradually deteriorate (Yangyuoru 

et al., 2005). This deterioration becomes evi-

dent in the changes in shape and slope with 

time as the soil settles. The deterioration would 

imply changes in their water shedding potential 

and subsequently a reduction in the productiv-

ity of these landforms. This paper, therefore, 

sets out to evaluate the effect of the physical 

changes in shape of the BBF, CBF and the tra-

ditional FB on surface runoff over a five-year 

period. 
 

MATERIALS AND METHODS 

Project site description 

The experiment was conducted at the Univer-

sity of Ghana Agricultural Research Centre 

(ARC) Kpong, located on a Vertisol in southern 

Ghana (latitude 6o 09’ N, longitude 00o 04’ E 

and at an altitude of 22 m above mean sea 

level).  The annual rainfall is about 1200 mm 

falling in two seasons.  The major growing sea-

son begins from April to mid-July and the mi-

nor growing season from early September to 

mid-November.  The mean air temperature is 

27.2oC, with mean maximum and minimum 

temperatures of 33.3oC and 22.1oC, respec-

tively.  The relative humidity for the night time 

to the early hours of the day ranges from 70 to 

100% throughout the year.  The afternoon rela-

tive humidity ranges from 20 to 65% during the 

year.  The topography of the Farmlands is gen-

tle with slopes ranging from 1% to about 5%.   

The soil of the experimental area is colluvial 

material derived from the weathering of gar-

netiferous hornblende gneiss (Brammer, 1955), 

classified as Calcic Vertisol (FAO/UNESCO, 

1990) and Typic Calciustert (Soil Survey Staff, 

1998). Locally, it is the Tropical Black Clay 

and belongs to the Akuse series (Adu, 1985; 

Amatekpor and Dowuona, 1995). The high 

montmorillonitic clay content (30-55%) gives 

rise to poor internal drainage, pre-disposing the 

land to periodic ponding during high rainfall in 

flat and depressional areas. 

 

Landforms and measurement of physical 

changes  

Three landforms (i) traditional flat bed (FB) (ii) 

Broad Bed and Furrow (BBF) and (iii) Cam-

bered Bed and Furrow (CBF) were established 

on plots of land of sizes 20 m by 40 m respec-

tively (Fig. 1). The FBs were prepared with 

disc plough to give a very gentle undulating 

slope slanting towards a middle trough position 

(Fig. 1a). The BBFs (Fig.1b) were prepared 

with a concave mould board ridger while the 

CBFs (Fig. 1c) were formed by repeated passes 

of a polydisc plough to obtain a raised bed pro-

file.  Generally, the CBFs were about two times 

higher at the crest than the BBFs. The former 

were also twice in breadth (from trough to 

trough) than the latter. Within a 9.6 m cross-

sectional width of each landform, both the FB 

and CBF had only two crests while the BBF 

had 4 crests (Fig. 1).  

For a given landform, four replicates were ran-

domly selected from the field plots for study. 

The characteristics of the landforms studied 

were (i) crest height and (ii) soil surface con-

figuration (SSC). These characteristics were 

determined three times, at (i) time of landform 
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formation (newly formed: NL), (ii) two years 

after formation (TL) and (iii) five years after 

formation (FL). For each landform, crest 

heights were measured with a meter rule above 

a baseline. In the case of the SSC, heights of 

the BBF and CBF landforms were measured 

from the same base line at specified positions 

from crest to crest as shown in Fig. 1. In the 

case of the flat beds (FBs) where there were no 

clearly observable crests and troughs, height 

measurements were taken above a base line 

along the 4.8-m width at positions correspond-

ing to “trough” (0.0 and ±4.8 m), “mid-

slope” (±1.2 and ±3.6 m) and “crest” (±2.4 and 

±2.6 m) (see Fig. 1a). 

The measurement of the SSC of the landforms 

was achieved by using a soil surface profile 
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Fig. 1: Cross-sectional sketch of the landforms: (a) Flat Bed, (b) Broad Bed and Furrow and 

(c) Cambered Bed and Furrow. The letters C, T ad M denote Crest, Trough and Mid-slope 

respectively.  

3 Journal of Ghana Science Association, Vol. 14 No. 1 . June, 2012 



Changes in shape and water shedding potential of three landforms... Yangyuoru et al. 

gauge (SSPG), comprising a 6-m straight beam 

marked at 0.1 m interval along its length. The 

portable beam is similar to that of Willcocks 

and Gichuki, (1986) and was designed for easy 

transportation to the field. Other parts of the 

SSPG kit included two wooden posts 

(approximately 1.5 m long), spirit level, two 

metal G-clamps (0.15 m) and a clearly marked 

1-m ruler or tape. Using the spirit level and the 

G-clamps, the beam, supported by the two 

posts, was set horizontally at right angles across 

the top of the landforms. The measured heights 

above the base line were plotted on graph 

sheets enabling the determination of mean 

slopes and shapes of the landforms as shown in 

Fig. 1. 

 

Estimation of changes in water shedding 

potential of landforms 

To assess the changes in water shedding or 

runoff capability of the various landforms 

with time, each landform was approximated 

by plane surfaces. Such approximation then 

allowed the application of the theory of over-

land water flow over inclined planar surfaces 

as proposed by Rose (1985). Consider water 

flowing down the plane of one typical land-

form into the furrow (Fig. 2). As the landform 

(ABC) is symmetrical about the middle line 

BD we would concentrate on one half of the 

entire profile, i.e. AB or BC.  Rose (1985) and 

Rose and Hairsine (1988) described the over-

tw

V
q w

w
.



Where Vw is the volume of water m3, w is the 

unit width (1 m) and t is time (s). The units of 

qw are m3/ms or simply m2/s. If L (m) is the 

length of the plane, then the rate of total water 

flow from the shaded area, which is the runoff 

rate Qw (m3/m2s), is: 

(1) 

L

q
Qw w (2) 

It is important to note that the water flux qw, 

depends on two main factors: (i) the flow ve-

locity V (m/s) and (ii) and the flow depth, D 

(m) and it can be shown from dimensional 

analysis that: 

 qw = V x D  (3) 

The velocity of flow is given by Manning’s 

formula: 

3/2
2/1

D
n

S
V  (4) 

Where S is the sine of the angle of inclination 

(Fig. 2), n is the Manning’s coefficient. From 

equations (2) to (4), it follows that: 
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land water flow by first defining water flux qw 

across a unit width (shaded area along the 

plane) as: 
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Fig. 2: Planar representation of a landform  
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Assuming that Dmin is the minimum flow 

depth that would set off runoff independent of 

landform, then Qw in equation (5) will be de-

termined by S and L only, since n is constant. 

If, for a given landform, S1,  L1 and Qw1 are 

respectively the slope, slope length and runoff 

rate of the landform at time t1 (say initial year) 

and S2 , L2 and Qw2 are the corresponding val-

ues at time t2 (e.g. two years later) then the 

change in runoff rates (or water shedding po-

tentials), Rc, with time could be obtained from 

the ratio of Qw2/Qw1 given by; 
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 (6)  

Thus, given measurements of S and L over 

time, the changes in runoff potential can be 

determined from equation (6). Alternatively, if 

S1, L1 and Qw1;  S2, L2 and Qw2 represent flow 

characteristics for two different landforms, 

then equation (6) could also be used to com-

pare runoff potentials of these landforms. 

 

RESULTS AND DISCUSSION 

Changes in height and soil surface configu-

ration of the landforms with time 

Figure 3 shows the variation of height of the 

different landforms with time at the crest, mid

-slope and trough positions. The variation in 

height across FBs (Fig. 3a) was not signifi-

cant, even though there was a slight observ-

able decrease in heights with time at a given 

position. The “crest” height decreased by 22% 

from an initial value of 0.09 m to 0.07 m after 

two years and by a further 1.4% to 0.069 m 

after five years of cultivation. Similarly, an 

initial slight decrease in height at mid-slope 

and trough positions after two years was ob-

served, but further height changes were negli-

gible. The flat beds could thus be assumed to 

have stabilized within the first two years of 

construction. 

In the case of the BBF, changes in landform 

height with time were larger than in the FB. 

For example, the initial crest height (0.194 m) 

of BBF decreased by 16% to 0.163 m and by 
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Fig. 3: Variation of height of landforms 

with time (a) FB, (b) BBF and (c) CBF 

23% to 0.149 m after two and five years re-

spectively after formation (Fig. 3b). At the 

mid-position, the height decreased from an 

initial value of 0.11 m to 0.081 m after two 

years of construction. It decreased further by 

29.5% (0.078 m) after five years. The varia-

tions in heights at the trough position of the 

BBF did not differ significantly with time. 

These decreasing trends indicated that the rate 
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of physical change of the BBF was more grad-

ual than that of the FB. 

The rate of physical change of landform with 

time was most pronounced for CBF (Fig. 3c). 

The crest height (0.385 m) of newly con-

structed cambered beds decreased by 9.4% to 

0.349 m after two years and further decreased 

by 23% to 0.296 m after five years. At the mid

-section the change was somewhat gradual and 

it decreased from initial height of 0.213 m to 

0.179 m (16%) after two years and to 0.173 m 

after five years. The trough position of CBF 

dropped from an initial height of 0.045 m to 

0.029 m (36%) after two years and to 0.023 m 

(49%) after five years of formation. 

The physical changes in the landforms in-

variably resulted in changes in the curvature 

and hence the soil surface configuration (SSC) 

as depicted in Fig. 4. Using the changes in the 

coefficients of the quadratic term of the re-

gression equations as a measure of change on 

curvature, it is observed (Table 1) that there 

was no significant difference in the SSC of the 

FB (Fig 4a) with time. However, for newly 

formed BBF (Fig. 4b) the quadratic coefficient 

of curvature decreased significantly by 16% 

from 0.0247 to 0.0208 after two years. It de-

creased further by 21% to 0.0194 after five 

years of construction. In the case of CBF, the 

coefficient of the quadratic term decreased by 

5% from the initial value of 0.0547 to 0.0519 

after two years but this change was not signifi-

cant. There was a further decline by 22% to 

0.0429 after five years which was, however, 

significant. 

yNL = 0.0015x2 - 0.0063x + 0.0899 (R2 = 0.56)

yTL = 0.0015x2 - 0.0063x + 0.0699 (R2 = 0.56)

yFL = 0.0014x2 - 0.006x + 0.0663 (R2 = 0.44)
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yNL = 0.0547x2 - 0.265x + 0.4035 (R2 = 0.92)

yTL = 0.0519x2 - 0.2513x + 0.3648 (R2 = 0.94)

yFL = 0.0429x2 - 0.2076x + 0.3115 (R2 = 0.89)
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Fig. 4:  Changes in soil surface curvature of landforms with time (a) FB, (b) BBF  

  and (c) CBF 

Age   FB    BBF    CBF 

NL   0.0015a   0.0247a   0.0547a 

TL   0.0015a   0.0208b   0.0519a 

FL   0.0014a   0.0194b   0.0429b 

LSD0.05  0.00285   0.00256   0.00378 

Table 1:  Variation of the coefficient of the quadratic term of different landforms  

  with time Landform 

Changes in water/runoff shedding potential 

of landforms with time 

Table 2 shows the relative decline in water 

shedding potential of the various landforms 

with time. For FB, runoff potential declined 

by about 12% within the first two years but 

only by a further 3% over the next 3 years, 

giving a total of 15% decline over the 5 years. 

The decline was somewhat faster in the first 

two years (6% per year) compared with 1% 

per year for the next 3 years suggesting a fast 

stabilization of the FB. Indeed, it has been 

recognized that, the technical efficiency of the 

configuration of the flat plots for surface 

drainage was not sufficient to allow full utili-

zation of the potentials of Vertisols (Ahmad, 

1989). Yangyuoru et al., (2003) also showed 

that the shape of the flat beds renders them 

incapable of draining excess water in seasons 

with normal or above-average rainfall, result-

ing in damaging inundation of upland crops.  

However, when the seasonal rainfall was low, 

flat plots appeared to conserve the limited 

water for crop production.  

In the case of BBF, the decline in potential 

within the first two years was only 7% and a 

further 8% over the following 3 years. Even 

though the total decline in shedding potential 

over the 5 years was close to that of the FB, 

decline rate appears to be more linear (3.5% in 

the first 2 years and 2.6% over the next 3 

years). Unlike the FB and BBF, the rate of 
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Age Slope (qo) S (=sin qo) Slope length (m)   Rc (%) 

(a) FB 

NL 2.0 0.037  2.4   100 

TL 1.6 0.029  2.4   88.5 

FL 1.5 0.027  2.4   85.4 

 

(b) BBF 

NL 13.6 0.24  0.82   100 

TL 11.5 0.20  0.81   93.0 

FL 10.5 0.170  0.81   85.0 

 

 

(c) CBF 

NL 9.09 0.157  2.43   100 

TL 8.30 0.144  2.42   95.0 

FL 6.88 0.12  2.41   88.0 

Table 2:  Variation of slope characteristics and runoff potential  

  of landforms with time 

decline in water shedding potential for CBF 

was somewhat slow, with a total decline of 

12% over the entire 5-year period. The initial 

rate of decline was about 2.5% per year and 

this reduced further to about 2% over the fol-

lowing 3 years. 

 
CONCLUSION 
This study has investigated the effect of age-

ing on the physical changes and water shed-

ding capability of three landforms established 

on the Vertisols in the coastal savanna zone of 

Ghana. Observations showed that the crest 

height of the Flat Beds (FB) changed only 

minimally from an initial value of 0.09 m to 

0.07 m after two years and to a final value of 

0.069 m after five years. The observation sug-

gests that the FB stabilized very quickly and 

remained unchanged in shape once con-

structed. However, the crest height of the BBF 

decreased from an initial value of 0.194 m to 

0.163 m after the first two years of construc-

tion and further to 0.149 m after a total of five 

years. In the case of the CBF, crest height de-

creased from 0.39 m to 0.35 m after two years 

and further to 0.30 m after five years of for-

mation. Accompanying the changes in crest 

height were also changes in land surface con-

figuration. In both BBF and CBF, there was 

significant reduction in concavity of the crest-

to-crest configuration after the first two years 

of construction but there were no significant 

changes thereafter. Ageing also affected the 

water shedding potential of the various land-

forms. Both the FB and CBF had a reduction 

of 15 % in water shedding potential after 5 

years of construction, while the reduction was 

12 % in the case of BBF. 
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