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ABSTRACT 

Soil erosion continues to be one of the major environmental threats that has devastating effects on the 

quality and productive capacity of arable lands with its attendant consequences on food insecurity. 

This research work was therefore carried out to assess the Field Conditions and carryout Volumetric 

Analyses of Soil Losses on Arable Lands of Wanke District in Gusau Local Government Area, Zamfara 

State. Stratified random sampling technique was used in selecting the sampling units for the study from 

which Rapid Assessment of Field conditions and Morphometric measurements of the eroded sites 

covering percent slope, lengths, widths and depths were made on rills and gullies as some of the soil 

loss indicators from which Total Cross-Sectional Area (m²) and Total Volume of Soil Loss (m³) were 

determined. Rapid Assessment of Field conditions shows that human interference has greatly disturbed 

the vegetation across all the sampling units, while farmers in the area practice bunding, terracing, 

cover cropping and construction of artificial drainages as farm-level anti-erosion measures. From the 

computations, the study unveils that the Total Cross-Sectional Area and Total Volume of Soil Loss for 

both sampled rills and gullies are 373.59 (m²) and 6654.78 (m³) respectively. The paper recommends 

that Zamfara state government should seek robust partnerships with all relevant stakeholders (federal 

government, NGOs, IDPs and individuals) with particular interest in soil erosion control and general 

soil conservation practices to reverse the trend of soil loss and restore quality environment and soil 

productivity in the area and the state at large. 
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INTRODUCTION 

Soils are non-renewable resources that support production of food and fiber in terrestrial ecosystems. 

They are one of the most critical earth’s resources upon which human population strongly depends for 

subsistence. Suresh (2002), defines soil as the uppermost weathered and disintegrated layer of the 

earth’s crust which is composed of minerals and several organic substances. It is a unique resource of 

the biosphere which provides numerous supports upon which human existence largely depends. 

Despite the above supports offered by soil resources in ensuring human survival on the planet earth; 

arable lands, particularly are continuously threatened by degradation mainly as a response to high 

pressure being exerted on them. One of principal degradation problems confronting agricultureas 

observed by Hudson (1995), loss of top soil resulting from land use intensification in response to the 

increasing demand to feed the growing population.  

Suresh (2002), reported that the term ’erosion’ was derived from Latin word ‘erodere’ which means to 

eat away or to excavate. Soil erosion is recognized as one of the world's most serious environmental 

problems and it tends to create severe limitations to sustainable agricultural land use, as it reduces on-

farm soil productivity and causes food insecurity (Woldeamlak, 2007). On these notes, there are two 

effects of soil erosion – the onsite and the offsite effects. The onsite effects of soil erosion include 

among others loss of fertility, decrease in nutrients status; organic matter content, water retention 

capacity, soil depth, and loss of soil stability. 

In a similar vein, Kassu (2011), observed that erosion-induced loss in soil productivity is a major threat 

to global food and economic security, especially among resource-poor farmers, and that it does not only 

diminish the quality of soil resources but also makes earning a living from the land increasingly 

difficult. In relation to this, Heathwaite et al (1990), reported that soil erosion results not only in the 

physical removal of surface soil, but also in the loss of organic matter, nitrogen, and other minerals in 
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the soils. From this therefore, it could be inferred that the onsite effects of soil erosion are two-sided. 

One is on the soil physical properties which could be visually assessed, and the other is on the soil 

chemical properties which require some laboratory analysis for its determination. 

Tied to this, Food and Agriculture Organization (FAO), (2011) reported that an estimated 24 billion 

tons of fertile soil are lost to erosion in the world’s crop lands, decimating the productive arable lands 

and further increasing food insecurity. In the North western part of Nigeria with a largely rural 

predominant economic activity, soil erosion is probably the most rampant ecological problem. Wanke 

District of Gusau Local Government is one of the areas that have been affected by soil erosion, leading 

to the degradation of soil resources in most of the farmlands, with its attendant consequences on decline 

in environmental quality, food insecurity, and constrained livelihood on the side of resources 

dependent, small scale farmers in the area. It is in view of these that the study undertakes rapid 

assessment of field conditions and volumetric analyses of soil losses on arable lands across the study 

area. Hence, ensuring quality of arable lands at all levels necessitates good conservation and land 

husbandry practices that are essential to the attainment of sustainability of crop production, which 

consequently translates into food security. 

MATERIALS AND METHODS 

After a careful reconnaissance survey of Wanke District by the researcher, stratified random sampling 

technique was employed in selecting nine villages including Karal, Gidan Dankado, Kolo, Kazauda, 

Kwakwara, Jangeme, Gidan Ango, Ruwan Kunku and Koramar Gora where there are critical soil 

degradation problems. In each of the nine sampling units, five arable lands were randomly sampled 

giving a total of 45 farms in the study. Measurements of morphological characteristics of some soil 

erosion indicators were made on the sampled lands with a view to quantifying the soil loss parameters. 
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The measurements from observable soil erosion indicators (rills and gullies) covered: the lengths of the 

rills and gullies; their depths and mean widths (lip widths; the shoulder widths and the bed widths) after 

Mallo (1998).  

i. Volume of soil eroded = V 

V = L * D * W m3    ……………………………………………. (1) 

Where L = Length of the gully 

           D = Mean depth of the gully 

           Ẅ = Mean width of the gully 

Ḋ =      D1 + D2 + D3     m …………………………………… (2) 

                     3 

Where D1…3 = Gully depths at different levels (bed, shoulder, lip) 

Ẅ =       W1 + W2 + W3    m ………………………………. (3) 

                       3 

Where W1…3 = Gully widths at different levels (bed, shoulder, lip)  

ii. Computation of cross-sectional areas of the rills and gullies (FAO, 2006) guidelines 

Average Cross-Sectional Area = (W1+W2)/2*d……………… (4) 

Average cross sectional area = ½ (AV WIDTH W1 + AV WIDTH W2)……… (5) 

Where W1 and W2 are rills and gully widths at different levels 

d is the depths of the rill and gully 

AV = average 

Using the above descriptions, parameters such as Average Cross-Sectional Areas and Average volume 

of soil loss for the rills and gullied sites were determined. This has aided the estimation of the total 

cross-sectional areas and the volume of soil loss from the rills and gullies. Equally, such estimates have 
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provided a platform for comparison of the level of soil erosion among the sampling units studied. 

Instruments used for the study include Abney level, ranging poles, pin-arrows, surface centimeters 

ruler, as well as maps which aided the delineation of the study. 

The study area 

Gusau Local Government Area (LGA) lies between latitudes 110 40' 34" N to 120 16' 45" N and 

longitudes 60 37' 15" E to 70 1' 42" E. Located in the northwestern part of Nigeria and situated in the 

eastern part of Zamfara state. Gusau local government occupies land area of 3,364 km2 which implies 

that its population density according to [National Population Commission, (NPC), 2016], is 157.1/ km2. 

Gusau LGA has a total land area of approximately 3,364 km2and a population of 528,400 out of which 

273,711 represents male population, while 254,689 are females.  

Gusau LGA enjoys a tropical type of climate, with two climatic seasons – wet and dry, typical of the 

northern part of Nigeria. The mean annual rainfall in the area is between 750 and 1000 mm, which 

steadily occur within six months (May – October). Most rain in the study area occurs during relatively 

short but intense localized thunderstorms, covering only small areas (Swindel et al, 1982). It could 

therefore be deduced that rainfall events in Gusau LGA may have some significant erosive impacts of 

on soil erosion. The influence of climate on rainfall erosivity or water erosion and the tendency to have 

fewer days of rainfall falling at high erosive intensities leads to the detachment of top soil materials. 

This trend in rainfall occurrence could accelerate soil erosion in the area, especially owing to the 

physicochemical properties of the soil with sandy loam surface, low bulk density, with sub angular 

blocky soil structure; low in organic matter; nitrogen; available phosphorus; and exchangeable cations 

(Ca, Mg, K, Na) and cation exchange capacity (CEC)] make it prone to developing surface seals and 

crust formation with low water-transmission properties which predispose the soils to surface runoff. 
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Gusau LGA is drained and influenced by the presence of River Sokoto which flows from the western 

part of the area. The drainage pattern in the area is dendritic with lower order streams flowing in all 

directions. The drainage density is also high as such results in high stream runoff. These drainage and 

hydrological attributes of the area have significant impacts on the landscape of the area thereby make it 

more vulnerable to erosion. 

RESULTS AND DISCUSSION 

Results of the Rapid Assessment of Field Conditions conducted across the sampled arable lands for this 

study using FAO document on “Guidelines for Soil Description” (2006) is presented in Table 1. Items 

presented include: Land use categories, presence of rock outcrops, human interference with the 

vegetation, land management practices and cropping patterns.  

Source: 
FAO 
Guideline
s (2006) 

 

Table 2: 

Assessme

nt of Field 

and 

Morphom

etric 

Condition

s of the 

Sampled 

Villages 

Villages Field Conditions Rills and Gullies 

Table 1: Interpretation of Codes for  Field Conditions 

Classification of Rock Outcrops 

SN Codes Identification 

1 N None 

2 V Very few                            
3 F Few 

Codes for Human Influence 

SN Codes Identification 

1 VE Vegetation strongly disturbed   
2 AD Artificial drainage   
3 FE Application of fertilizers   
4 BU Bunding 
5 BR Burning 
6 TE Terracing 
7 PL Ploughing 

Codes for Crops 
SN Codes Class Codes Identification 

1 Ce Cereals CeMa Maize 
CeM Millet 
CeSo Sorghum 

2 Ro Roots and tubers RoCa Cassava 
RoPo Potatoes 

3 Oi Oil crops OiSo Soybeans 
OiGr Groundnuts 
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*a *b  *c  *d  *e  *f  *g  

                            
Karal 

Farm 1 N CeSo VE, PL  13.6 10.04 210.27 

Farm 2 N CeMi VE 8.5 3.56 44.47 

Farm 3 N CeMi VE 10.3 10.05 184.58 

Farm 4 F CeMi, OiGr VE 13.2 11.17 337.05 

Farm 5 V CeMi VE, PL  11.1 4.84 81.68 

Gidan 
Dankado  

Farm 1 N CeSo, CeMa VE 9.7 2.92 32.93 

Farm 2 N CeMi VE 8.0 9.20 154.25 

Farm 3 N CeSo, OiSo VE, TE 15.9 10.29 229.05 

Farm 4 N CeMi VE 6.7 5.08 45.93 

Farm 5 N CeMi VE 14.0 5.29 92.41 

Kolo 

Farm 1 V CeSo, OiSo VE, BR 6.7 7.54 61.70 

Farm 2 N CeSo VE 3.4 7.05 42.17 

Farm 3 N CeMi, CeMa VE, PL 6.0 8.16 76.42 

Farm 4 N CeMi VE 3.8 9.17 108.01 

Farm 5 N CeMi, OiGr VE 3.2 14.07 215.13 

Kazauda 

Farm 1 N CeMi, OiSo VE, TE, AD 12.6 9.59 195.27 

Farm 2 N CeMi VE 9.2 6.65 108.12 

Farm 3 V CeSo, CeMa VE 6.5 7.60 96.85 

Farm 4 N CeMi VE 4.0 5.81 61.50 

Farm 5 N CeMi VE 6.8 8.84 97.94 

Kwakwara 

Farm 1 N CeSo, OiSo, RoPo VE 7.7 7.59 109.70 

Farm 2 N CeMi VE 3.4 8.18 81.63 

Farm 3 V CeSo VE, BR 10.5 8.20 111.92 

Farm 4 N CeMi VE 7.1 6.77 64.84 

Farm 5 N CeSo, OiSo VE 9.0 7.93 129.91 

Jangeme  

Farm 1 N CeMi VE,TE, AD 14.6 6.92 133.21 

Farm 2 F CeSo VE 13.7 9.65 308.89 

Farm 3 N CeMi, CeMa VE 13.9 9.88 242.60 

Farm 4 N CeMi, OiGr VE 11.2 5.55 96.11 

Farm 5 N CeMi VE 6.5 5.85 138.78 

Gidan 
Ango 

Farm 1 N CeSo, CeMa VE, BR 5.0 7.72 225.95 

Farm 2 N CeMi VE, PL 7.2 11.00 243.81 

Farm 3 N CeMi VE 5.8 5.52 102.34 

Farm 4 N CeSo, OiSo VE, BU 9.0 6.87 114.59 

Farm 5 N RoPo, CeMa VE 15.4 9.03 207.26 

Ruwan 
Kunku 

Farm 1 N CeMi VE 12.1 8.72 201.01 

Farm 2 N CeMi VE 7.9 9.68 257.96 

Farm 3 V CeSo, CeMa VE, BR 8.0 8.67 253.21 

Farm 4 N CeMi VE 11.3 11.84 217.19 
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Farm 5 N CeSo, OiSo VE 7.4 8.51 100.97 

Koramar 
Gora 

Farm 1 N CeMi VE 10.5 10.68 187.34 

Farm 2 N CeMi, OiGr VE, PL 6.9 9.26 106.20 

Farm 3 V CeMi VE 13.0 15.36 352.65 

Farm 4 N CeSo, OiSo VE 7.8 7.01 63.72 

Farm 5 N CeMi, CeMa VE 6.2 10.28 127.26 

Total  373.59 6654.78 

Mean 9.0 8.30 147.88 

Minimum value 3.2 2.92 32.93 

Maximum value 15.9 15.36 352.65 

Standard Deviation 3.5 2.46 81.97 

Coefficient of variability (%) 38.6 29.64 55.43 

*a = Sampled Eroded Farms, *b = Rock Outcrop *c = Crop Code, *d = Human Influence, *e = Mean Slope (%),  
*f = Total Cross Sectional Area (m²), *g = Total Vol. of Soil Loss (m³),  

Sources: Field Survey, 2017 

From the data presented in Table 2, it could be observed that cropping pattern from the 45 sampled 

arable lands for this study shows that 13 (28.9%) of farmers practice mono-cropping as at the time of 

the study, while mixed cropping (2 or more crops) were observed in the majority 32 (71.1%) of the 

sampled arable lands. The mixed cropping practices observed involves planting millet/sorghum, 

millet/maize/Soya beans, maize/ groundnut, sorghum/ groundnut, millet/cowpea, sorghum/Soya beans 

and maize/ potatoes. The traditional farming practice of mixed cropping is useful soil conserving 

system. Amede, et al (2001) opined that crop sequencing affects the entire soil-plant ecosystem by 

altering the quantity and quality of organic residues returned to the soil, the soil moisture reserve, the 

erodibility of soil and the availability of nutrients.  

Cover cropping practices by the farmers ensures canopy cover to the soil, hence, reduction in the 

vulnerability to erosive forces. Farmers in the study area also practice crop rotation as an anti-erosion 

and soil fertility improvement technique. Crop rotation in an averagely undulating terrain of Wanke 

District could be very vital soil quality improvement and erosion control technique. In the words of 

Daniel, (2011), selection of appropriate range of plants to be grown on sloping arable land and their 
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allocation within rational rotation should be associated with special systems for the location of plants 

growing on the slopes if only soil, water and nutrients losses are to be insignificant. This buttresses the 

significant role of crop rotation on a sloppy arable land such as that of Wanke District. 

Data on presence or absence of rock outcrops is also reveals that majority of the sampled arable lands 

37 (82.2%) have no presence of rock outcrops in contrast to only 6 (13.3%) and 2 (4.4%) that were 

observed to have very few and few rock outcrops respectively. This could be attributed to the 

topography of the areas being underlain by rocks of basement complex origin that may have been 

exhumed by forces of denudation. Also, survey data on human interference through land husbandry 

practices on arable lands of Wanke District shows that all the 45 (100%) sampled arable lands have 

their vegetation strongly disturbed. This human interference on the vegetal cover may in addition to 

other inappropriate farm management practices have accelerated prevalence of erosion in the area. 

Some of the farm-level anti-erosion measures adopted by the arable farmers include bunding, terracing, 

cover cropping and construction of artificial drainages.  

The data on morphology and morphometric computations of sampled rills and gullies in Wanke district 

shows that the upper percent slope of the sampled farms across the study area is 15.9% which is 

approximately equivalent to 9˚ and could be described as moderate steep slope, while the lowest is 

3.2% equivalent to 2˚ which is described as nearly level terrain. These slope records were observed in 

farms within Gidan Dankado and Kolo village respectively. Between these extreme values are different 

scores of slope measurements with a coefficient of variability of 38.6% and its attendant implications 

on erosion by surface runoff. Although soil detachment is independent of land slope, the prevalence of 

surface runoff and volume of soil loss is to a large extent determined by the slope factor. Suresh, (2002) 

observed that soil splash is affected by slope steepness and the direction of rainfall in relation to the 
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slope. In the line of this assertion, the implication of the above slope records to soil erosion prevalence 

in the area is not farfetched, as it exerts a considerable control over runoff and accelerated water 

erosion potential in the area which also aids sediment transport and deposition. The influence of gravity 

force makes the detached soil material to be easily splashed towards the down slope than upslope. 

The distribution of total cross-sectional areas of eroded lands by villages across the study area reveal 

that the highest value of cross-sectional area was found in farm within Koramar Gora village, with a 

value of 15.36 m² while the least value was obtained in a farm within Gidan Dankado village measuring 

2.92 m². Between these two extreme values are several divergent figures for the sampled farm lands. In 

the same vein, estimated total volume of soil loss potrays that Koramar Gora village records the highest 

value of 352.65 m³ in contrast to the lowest value of 32.93m³ obtained in a farm within Gidan Dankado 

village. Total cross-sectional areas for all the eroded lands studied were measured at 373.59 m², while 

the total volume of soil loss was computed at 6654.78 m³. This value presents serious implications as 

most soil nutrients are accumulated in the topsoil, the eroded topsoil due to sheet and rill erosion holds 

about three times more soil nutrients per unit weight than are left in the remaining subsoil (Young, 

1989).     

Considering the magnitude of damages by soil erosion on arable lands in the area, it could also be 

related to loss of crop productivity, which explains the serious consequences on household level food 

security in the area. Although some arable farmers whose farmlands were severely eroded were 

observed to continue cultivating them despite their confession of very little productivity gains, other 

severely eroded farms are left as wastelands by the owners. The implications of this huge loss of arable 

lands to erosion are two sided:  first from the perspective of environmental quality deterioration and 

loss of this large area of land. Secondly, from the view point of farmers’ livelihood where such 



International Journal of Scientific Research and Engineering Development-– Volume 2 Issue 6, Nov- Dec 2019 

Available at www.ijsred.com 

ISSN : 2581-7175                                   ©IJSRED: All Rights are Reserved Page 180 

 

 

catastrophic erosion may discourage the victims from soil capital investment thereby compelling them 

to abandon farming for other alternative non-farm activities. 

 

CONCLUSION AND RECOMMENDATION 

Soil degradation has deteriorating effects on most farmlands in this study, which calls for serious 

attention in restoring the productive potentials of these lands. Arable land in Wanke District 

experiences a substantial damage by soil erosion partly as a consequence of terrain attributes; soil 

characteristics, and depletion of vegetation cover from the soil surface which disturbs both soil 

structure and plant roots that would otherwise hold the soil in place. Reference to the morphometric 

assessment of the observable soil erosion indicators, the effects of soil erosion on arable land of the 

study area is glaringly evident. Aside slope characteristics, other factors such as soil erodibility, rainfall 

erosivity, vegetation parameters and poor land management practices all contribute to the total cross 

sectional area and total volume of soil loss in the study area. However, with sustained efforts in 
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appropriate soil and water conservation practices by the arable farmers of Wanke District, the annoying 

trends of soil erosion could be reversed. 

Based on the findings of the study, the following recommendations are put forward: 

i. The authorities in Zamfara state should seek robust partnerships with all relevant 

stakeholders (federal government, NGOs, IDPs and individuals) with particular interest in 

soil erosion control and general soil conservation practices to reverse the trend of soil loss 

and restore quality environment and soil productivity in the area and the state at large. 

ii. The Zamfara state government should revive and scale up the “Zamfara State 

Comprehensive Agricultural Revolution Programme” (ZACAREP) where target farmers are 

identified and supported with credit facilities and technical know-how on best farm 

management and productivity practices. 

iii. Local government agricultural extension workers should regularly visit farmers’ field to 

further strengthen their capacities in sustainable strategies of soil utilization and 

conservation particularly the adoption of latest SWC technologies such as minimum or zero 

tillage practices. 
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