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ABSTRACT

This research was aimed at assessing the different tillage systems adopted in rural
communities of Osun state with a view to estimating soil erodibility and to determine the
prevalence of erosion in the sampled communities. Nine communities were selected and
fifty questionnaires administered to farmers from the twelve LGA sampled, making a total
of 5400 questionnaires. Ayedaade, Aiyedire, Atakunmosa west, Ede south, Ilesa west, Ife
north, Ife south, Irewole, Oriade, Odo-Otin, Ejigbo and Ife central LGA.were used for this
study. Result indicated that the slash and burn technique of land preparation is found to
be predominantly adopted by the Farmers. Also, farmers percentage with erosion
problems from the use of both conventional and traditional tillage techniques was highest
in Ilesha west with a value of 44.56% (±8.12) and least in Irewole (12.11% ±1.45). Soils of
Ife central and Ife south were highest in erodibility with values 0.65 and 0.53, respectively,
while Oriade and Ede south had lowest erodibility with values 0.07 and 0.12, respectively.
The practical implication of these findings is in the area of soil erodibility estimation for soil
conservation planning.
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1. INTRODUCTION

Soil tillage practice and its consequences on soil erosion are of major concern in many parts
of the world. Tillage has been described as the agricultural preparation or manipulation of
soil for crop production [1]. It is the physical and mechanical manipulation of soils for the
purposes of management of previous crop residues, control of competing vegetation,
incorporation of amendments and preparation of a seedbed [2]. The main objectives of
tillage includes, manipulation of soil for better contact between seeds and soil moisture,
production of a suitable medium for plant growth, control of weed, moisture conservation and
the infiltration of surplus rainwater [3].

However tillage, if practiced in excess may have damaging and destructive effects on soil
and crops. These effects of tillage on soil processes and properties, and crop growth can be
easily seen in its implications on the ecological system of the immediate environment.
Among these effects are soil erosion and degradation, compaction of soil below the depth of
tillage (i.e., formation of a tillage pan), increased susceptibility to water and wind erosion
(erodibility) [1], disruption of soil aggregates and organisms, and increased susceptibility to
breakdown of inorganic matter [4].

Tillage and cultivation practices that move soil are also among the major causes of surface
runoff and soil erosion. Soil erosion is a function of such factors as surface residue,
aggregation, surface sealing, infiltration, and resistance to wind and water movement.
Excessive tillage destroys structure and increases the susceptible of soil to erosion [5].
Erosion results in the degradation of soil productivity in a number of ways: reduction in the
efficiency of nutrient use by crops, damage to seedlings, decrease in plant rooting depth,
decreased soil water-holding capacity and permeability, increases runoff, and reduced
infiltration rate [6]. Soil erosion and accompanying sedimentation in the downstream areas
are continuing threat to land and water resources around the world. The degree of
environmental degradation from soil erosion varies from one location to the other depending
on the soil type, climate, and the flora and fauna. Soil erosion is a global problem. Since
1950, one - third of the world arable land has been lost to erosion mostly in Asia, Africa and
South America [2,7]. Soil loss to erosion is one of the causes of soil infertility that result to
productivity decline. Soil removed by erosion carries nutrient, pesticides and other harmful
agrochemicals into rivers, streams, and ground water resources [8-10], thus causing
significant impact on environmental quality and agricultural sustainability [11]. In order to
reduce these effects of soil erosion on water quality and soil resources, adequate
conservation practices must be employed and part of these practices is to prevent bush
burning, which reduces the number of trees and often times result to soil desertification [12].

In Nigeria and other developing economies of the world, Land preparation for agricultural
practices involves bush burning and felling of trees. These two activities terminate useful
micro-organisms that enormously contribute to nutrient recycling within the soil system and
as well enhance soil degradation/loss via erosion processes. Today soil degradation is the
single most destructive force diminishing the world's soil resource base [13]. Soil
degradation is the most serious crisis facing the agricultural industry in the long term. Brown
and Wolf [14] reported that worldwide, the mean annual loss of topsoil is estimated at 0.7
percent. Studies have shown that when the topsoil is removed, or where it has been
severely eroded, crop yields are from 20 to 65 percent lower compared with non-eroded
soils [13,15]. Soils that are rich in organic matter, with improved structure and moderate
infiltration rate have greater resistance to erosion [16]. According to Nyakatawa et al. [8], a
soil with relatively low erodibility factor may show signs of serious erosion, though a highly
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erodible soil may surfer little erosion. This is because erodibility is a function of many factors,
some of which are soil texture, aggregate stability, shear strength, infiltration capacity,
organic, and chemical contents [17].  Soil erodibility is an important index used in evaluating
the soil sensitivity to erosion, and its precise study and evaluation is important in
understanding soil erosion regularity and in the prediction and evaluation of soil loss and
land productivity, respectively. Soil conservationists around the world use the Universal Soil
Loss Equation (USLE) and regression equation describing the relationship between K (the
soil erodibility factor) and soil physical and chemical properties to estimate soil erosion rates
by water [18]. The equation provides an estimate of the Soil Loss Rate in
tonnes/hectare/year and soil erodibility factor. This estimate can be used for soil
conservation planning.

To be able to properly manage and conserve soil resources, principles of soil conservation
such as maintaining permanent soil cover and promoting minimal mechanical disturbance of
soil through zero tillage systems should be encouraged. This practice will enhance soil and
water conservation, thus, controlling erosion and promote healthy soil environment. Soil
productivity can be increased through crop rotations, cover crops, use of integrated pest
management technologies, promoting legume fallows (including herbaceous and tree fallows
where suitable), composting and the use of manures and other organic soil amendments,
and enhanced agroforestry practice. Many rural farmers in the study area and many other
parts of the developing world hitherto engage in bush clearing and burning, and in some
cases employ frequent use of heavy machineries such as tractor for ploughing and other
farm operations. These activities reduce the soil carbon stock and promote widespread
erosion in cropped lands. Therefore, this research was aimed at determining and performing
a quantitative assessment of the soil tillage practices, erosion characteristics and erodibility
of some selected local government areas of Osun state, in the rainforest climate of Nigeria.

2. MATERIALS AND METHODS

2.1 Location of the Study

The research was conducted in 12 selected local government areas of Osun state namely
Ayedaade, Aiyedire, Atakunmosa west, Ede south, Ilesa west, Ife north, Ife south, Irewole,
Oriade, Odo-Otin, Ejigbo and Ife central LGA. Osun  State  is  located  in  the  South-
Western  part  of  Nigeria (Fig. 1). It covers an area of approximately 14,875 square
kilometres and lies between longitude 04o 00’’E and latitude 05o 55N”. Osun state, which
primarily is an agrarian community [19], is bounded by Ogun, Kwara, Oyo and Ondo States
in the South, North, West and East, respectively. The  major  crops  cultivated  by  an
estimated  256,000  farming  families  are  maize, cassava, yam, rice and cocoyam [19].
Others are minor food crops such as cowpea, okro, pepper, tomato and leafy vegetables.
Tree crops such as oil palm, cashew, citrus (orange and lemon), cocoa and kolanut are
grown in large quantity in the state. There are also large forest reserves with a variety of
trees. The climate of Osun state is broadly of two seasons: rainy season (April-October) and
dry season (November – March). The mean air temperature throughout the year ranges
between 21ºC to 29ºC and humidity is relatively high [19]. The annual rainfall varies from
2000 mm in the southern areas to 1,150 mm in the northern axis of the state. Osun state
enjoys luxuriant vegetation in the rain forest parts of the south and sub-savannah forest of
the northern part [19]. The map of Nigeria and the study areas is presented in Figs. 1 and 2.
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Fig. 1. Map of Nigeria showing Osun State (source: Sanni, [20])

Fig. 2. Map of Osun State showing the Study Areas (source: Sanni, [20])
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2.2 Field Investigation and Measurements

Nine communities were visited in each of the twelve sampled local government areas of
Osun state and 50 farmers were randomly chosen from each of the visited communities
making a total numbers of 5400 administered questionnaires. The questionnaires provided
the following information about the communities and local government areas sampled: Land
area under cultivation (ha), soil type, percentage of farmers that use the slash and burn
technique in land cultivation, tillage systems adopted by farmers, percentage of farmers that
retain trees within or around farm, percentage of farmers with formal knowledge of zero-
tillage system, percentage of farmers with or without access to tractor mounted sprayers and
percentage of farmers with erosion problem on farm. Land area measurement was
conducted with the aid of a planimeter, which was moved around the perimeters of all farms
in each of the farming communities. Soil types were identified through particle size analysis
of samples collected from each of the study site. Particle size analysis was determined by
the hydrometer method using the ASTM D 422 - Standard Test Method for Particle-Size
Analysis of Soils [21]. Textural classification was carried out using the USDA classification
system. The percentage organic matter (%OM) was determined using ASTM D 2974 –
Standard Test Methods for Moisture, Ash, and Organic Matter of Peat and Organic Soils
[22]. Investigation about the tillage system adopted by farmers involves the categorization of
tillage into the followings: Traditional heaps and mounds, Tied ridges and Tilled-flat. Verbal
discussions and questions were held with farmers to determine their knowledge of the
advantages of zero tillage and the number of farmers that adopt the system determined.

Soil samples were collected from the visited communities for the determination of erosion
characteristics, specifically erodibility factors of soils of the sampled communities. Soil
samples were collected in soil profiles at depth up to 40 cm. The samples were packed in
plastic bags, transferred to the laboratory and were air dried until reaching friability. The
equation of Wischmeier et al. [18] was used for the estimation of soil erodibility K values for
sampled soils (equation 1).

100 k = 2.1(%silt x (100-%clay)1.14(10-4)(12 - %organic matter) + 3.23(b - 2) + 2.5(c – 3)    (1)

where  b  is  the  soil  structure  code  used  in  soil  classification (very fine granular, 1; fine
granular, 2; medium or coarse granular, 3; blocky, platy, or massive, 4),  and  c  is  the
profile permeability  class (rapid, 1; moderate to rapid, 2; moderate, 3; slow to moderate, 4;
slow, 5; very slow, 6). Sampled soils were air-dried and analysed following the standard
procedures described by Wischmeier and Smith [23]. Using the soil structure code described
by Wishmeier and Smith [23], soil structure of the visited sites were determined by careful
examination of column of undisturbed soil through profile trench of up to 50 cm depth. The
Permeability class test was done to determine the permeability of soils of the various
communities. Soil samples from the nine communities were put in separate measuring
cylinders and 100 ml of water was added to each of the cylinders containing soil.
Observation was then made on the time taken for the measured quantity of water to reach a
particular level in the cylinder as it infiltrates down through the soil sample. The time was
recorded and this was used for soil permeability classification according to the following
codes: Fast – 1, Moderate to Fast – 2, Moderate – 3, Slow to Moderate – 4, Slow – 5, and
Very Slow – 6 as described by Wischmeier and Smith [23].

All questionnaires were collated and subjected to statistical analysis to determine the
influence of all measured variables on the farming system and erosion characteristics of
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soils of the sampled communities (a copy of the questionnaire can be seen in the appendix
section).

3. RESULTS AND DISCUSSION

3.1 Land Areas and Clearing Techniques

The percentage land areas under cultivation in all communities of the sampled local
government areas (LGA) are presented in Table 1. Atakunmosa west and Ife central had the
highest and lowest land areas under cultivation with values 358.9 ha (11.44%) and 130.8 ha
(4.16%), respectively. Large expanse of land is used for crop production most especially in
Ayedaade, Ede south, Odo-otin and Ejigbo LGA of Osun state. These are rural communities
where most inhabitants are peasant farmers. Despite the large area put under crop
cultivation in all the sampled communities, the slash and burn technique of land preparation
is predominantly adopted (Table 2). Slash and burn technique of land preparation were
highest (> 99%) in Odo-otin, Ejigbo and Irewole LGA, while Ayedire was least (95.4%) in the
use of slash and burn method of land clearing. This method of soil preparation is known to
expose the soil to agents of erosion, reduce soil organic matter and organic carbon, and
destroy soil micro-organisms that help create better aeration and incorporation of humus in
soil [24].  Ayedire which was least in the use of slash and burn method (95.4%) had the
highest percentage organic matter content (1.36), while in Irewole where the technique of
land preparation is predominantly slash and burn (>99%), the percentage organic matter
content was 1.18. Slash and burn method decreases the supply of fresh organic material
and thus results in decreased level of organic matter in the soil which affects the soil fertility
negatively [25]. Ife south, Ayedire and Ilesha west are characterized with reduced land areas
been put to agricultural use due to alternative land uses such as building of houses, roads,
schools and industries.

Burning leads to loss of forest cover which removes the natural protection of soils against
the sun’s rays and the direct impacts of rainfall and reduced soil organic matter content
(OM). There is a reduction in the infiltration of water into the soil and a simultaneous
increase in surface runoff and Burning destroys trees and also damages the flora and fauna,
and affects water availability [26]. Fig. 3 shows how the slash and burn method of land
preparation affects the percentage of organic matter (%OM) in the soils of the different
areas. The effect of burning on the total soil OM content varies depending on several factors
such as fire type, intensity, and even slope [26]. Ejigbo with the highest prevalence of slash
and burn method (99.4) had the least %OM (1.12) while Ayedire with the least percentage of
respondents that uses the slash and burn land clearing technique in the sampled
communities had the highest %OM of 1.36. Chandler et al. [27] reported that the bush
burning effects may range from total destruction of the soil OM that may reach 30% in the
surface layers, which often is caused by external inputs such as dried leaves and partially
burnt plant materials in fires, affecting tree canopy. This in effect could result to temporal
removal of the herbaceous layer, with effective loss of soil to erosion. However, increases in
soil OM content was also adduced to an increased deposition of dry leaves and charred
plant materials in fires that affect the tree canopy [28].
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Fig. 3. Relationship between slash and burn method and %OM

Fig. 4 shows the trend of the relationship between percentage erosion problems and %OM.
This trend shows that organic matter, together with micro-organisms (especially fungi) are
involved in binding soil particles into larger aggregates and aggregation is important for good
soil structure, aeration, water infiltration and resistance to erosion and crusting [29]. Wall et
al. [16] also reported that soils rich in organic matter, and having improved structure and
faster rates of water infiltration have greater resistance to erosion. Organic matter reduces
the susceptibility of the soil to detachment, and it increases infiltration, which reduce runoff
and thus erosion [30].

Fig. 4. Relationship between % erosion and %OM
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3.2 Soil Tillage Systems in Sampled Communities

The statistics of tillage systems adopted by farmers in the sampled communities is
presented in Tables 3, 4 and 5. Traditional heaps and mounds is mostly adopted by farmers
in sampled rural communities of Ilesa west, Ife central, Ayedaade, Ife north, Ife south, and
Atakunmosa west LGA. The popular use of this system may probably be due to high
prevalence of erosion in these communities. Erosion is significant in these areas and the
scenario can be linked to the removal of tree, which protects the soil against accelerated
erosion and flooding for reasons such as building of other infrastructures around farmers’
communities. The adoption of tilled flat system was highest in Ede south, Oriade and Odo-
otin when compared with other sampled communities. The reason for use of tilled flat
according to the farmers was the relatively flat terrain of their communities, which makes
unnecessary the use of heaps and mounds or ridges to control erosion [31]. The use of
tilled-flat was least in Irewole farmers’ community with about an average of 14.5 (±3.50)
respondents using the tilled-flat system. The adoption of tied-ridges was least comparatively
with farmers that use of heaps and mounds and tilled-flat in all the sampled communities.
Less than 10 respondents on the average actually practiced the tied ridges system in most
of the sampled communities.

3.3 Canopy Cover and Erosion Problems in the Sampled Communities

Many of the respondents in the sampled communities cut down trees in their farm for
domestic energy purposes and building works. On the average, approximately 13 out of the
50 respondents from Atakunmosa and Irewole retained trees within farmlands, while only
about 8 respondents in Ife central retained trees on farm (Table 6); the purpose for which
they confirmed is wind break. Canopy cover is known to protect the soil against the various
agents of erosion such as wind and water by reducing their impacts on the soil [32]. Erosion
potential is increased if the soil has very little or no vegetative cover and/or crop residues.
Plant residue cover protects the soil from raindrop impact and splash, which slows down the
movement of surface runoff and allows excess surface water to infiltrate [5]. Canopy cover is
also very critical in the removal of atmospheric CO2 (greenhouse gas), a process otherwise
known as carbon sequestration. From this research, it was generally observed that only few
among the respondents are aware of leaving scattered canopies on farm lands.

From the foregoing, it is obvious that many of the rural farmers are unaware of the
importance of trees in the mitigation of erosion and carbon sequestration for plant use. It was
also observed that very few farmers from the sampled community engaged in zero-tillage.
Some of the farmers are aware of zero-tillage but are put off by the cost of obtaining
chemicals for the purpose of weed crushing. Only less than 10 respondents on the average
out of the 50 respondents from each community have adequate knowledge of zero- tillage
(Table 7) but often do not use the method because of their innate interest on ash from bush
burning, which, many among the farmers claimed it compliment the soil nutrient. Over 90%
of farmers in all communities reported no access to tractor for the purpose of chemical
application to crush weeds (Table 8).

The percentage of farmers with erosion problems is presented in Table 9. Farmers’
percentage with highest erosion problems are from Ife central and Ilesha west LGA with
values 17.4% and 14.7%, respectively. The least erosion problem was observed in Irewole
LGA with value of 4%, where the highest percentage of farmers (10.3%) retained trees on
farm. Ife central and Ilesha west LGA with high erosion problems had least percentage of
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farmers that retained trees on farm. This agrees with Isikwue and Adakole, [5] who reported
in their work that the removal of vegetation cover and cultivation for two or more seasons
reduces the inherent fertility drastically and accelerate erosion. This is because vegetative
cover is the greatest deterrent to soil erosion and runoff [5]. Also Tree cover on farm land
serves as shelter belt for crop protection during heavy winds and periods of rainstorms with
high intensity, which breaks soil aggregates into fractions that are easily transported by
overland flow [16]. Nevertheless, soil erosion is a function of many factors as mentioned in
the universal soil loss equation (USLE) [33].

Fig. 5 shows the relationship between percentages of farmers that retains trees within and
around farm lands and percentage of farmers with erosion problems. Ife central that had the
lowest percentage of tree retention on farm (6.1) had the highest % erosion problems (17.4),
while Irewole site with the highest tree retention (10.3) had the least erosion problem. This
agrees with works of Roose, [34] and Lal, [35], who confirmed that in stable forest
ecosystem where soil is protected by vegetation, erosion rates are relatively low, ranging
from 0.004 to .05 t/ha per year. This showed that the presence of trees and cover crops
protect the soil against erosion. The absence of trees and cover crops expose the soil to rain
or wind energy which leads to erosion. This is also collaborated by the findings of other
researches that worked on soils of coastal areas such as in Vietnam [36-37], Malaysia [38],
Indonesia [39- 42], India [43-44], China [45] and Thailand [46]. These researchers provided
evidence that coastal forests and trees provide some coastal protection and that clearing of
coastal forests and trees leads to increased vulnerability of coasts to erosion. Leaves of
trees prevent erosion of soil by the reduced impact of raindrops. Tree roots absorb water
from the soil for its evapotranspiration purposes, making the soil drier and able to store more
rainwater and also hold the soil in place, reducing the movement of sediment that can shrink
river channels downstream [47].

Fig. 5. Relationship between the % of trees retained and % erosion
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Table 1. Total land area (ha) under cultivation in sampled local government areas

Community Ilesa west Ayedire Ife-central Ede south Ayedaade Ife north Ife south Atakunmosa west Oriade Odo-Otin Ejigbo Irewole
1 16.8 20.5 15.8 35.8 38.4 32.8 20.5 45.3 33.7 34.6 34.6 32.6
2 13.2 21.7 23.4 25.5 28.6 23.7 24.4 23.5 24.6 33.7 21.8 18.3
3 15.6 37.2 15.5 18.8 23.8 44.2 22.9 47.4 32.6 33.2 20.4 15.9
4 10 29.4 14.7 23.6 31.9 23.7 34.3 53.6 22.7 23.4 30.6 27.5
5 13.5 41.9 10.6 42.1 32.4 33.2 49.8 33.7 28.7 21.7 26.4 22.6
6 11.5 43.7 12.6 36.4 56.3 50.3 37.5 20.7 55.3 22.8 30.4 27.4
7 22 38.4 13.7 37.2 44.7 34.5 33.1 44.3 36.4 17.9 34.2 15.7
8 15.8 33.7 12.8 26.9 30.7 56.4 34.2 45.7 33.7 20.5 31.7 13.8
9 19.3 43.8 11.7 12.6 26.5 34.3 46.4 44.7 32.9 32.6 21.5 24.6
Total 137.7 310.3 130.8 258.9 313.3 333.1 303.1 358.9 300.6 240.4 251.6 198.4
Percent 4.4 9.9 4.2 8.3 9.9 10.6 9.6 11.4 9.6 7.7 8.02 6.4

Table 2. Respondents that use the slash and burn land clearing technique in sampled communities

Community Ilesa west Ayedire Ife-central Ede south Ayedaade Ife north Ife south Atakunmosa west Oriade Odo-otin Ejigbo Irewole
1 97 95 96 98 100 96 99 100 99 100 99 98
2 96 94 97 97 98 98 98 99 96 99 98 100
3 98 93 94 99 94 94 99 100 95 100 100 100
4 97 97 94 97 96 100 100 98 99 98 100 99
5 98 100 98 94 98 98 97 97 100 100 100 100
6 99 92 96 93 99 99 99 99 100 99 99 99
7 100 95 94 95 95 97 98 96 99 99 99 99
8 98 98 99 96 93 98 96 99 98 98 100 100
9 100 94 97 99 95 95 99 97 99 100 99 98
Mean 98.2 95.4 96.2 96.4 96.4 97.3 98.4 98.4 98.4 99.3 99.4 99.2
SD 1.36 2.55 1.83 2.13 2.40 1.92 1.22 1.41 1.73 0.83 0.71 0.83
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Table 3. Respondents that adopt the traditional heaps and mound system of soil tillage in the sampled communities

Community Ilesa west Ayedire Ife central Ede south Ayedaade Ife north Ife south Atakunmosa west Oriade Odo-otin Ejigbo Irewole
1 21 10 20 14 21 28 21 23 15 10 14 23
2 25 9 17 12 24 20 25 20 9 9 20 26
3 23 11 10 10 20 22 24 19 10 9 24 30
4 12 12 13 20 12 21 20 21 14 12 26 27
5 22 13 15 14 13 31 17 20 13 14 23 25
6 18 11 14 15 10 22 30 25 15 10 21 24
7 16 12 17 11 22 23 22 17 13 9 27 22
8 23 10 22 10 16 18 24 18 11 11 21 28
9 10 8 17 9 13 22 21 16 14 10 22 23
Mean 18.89 10.67 16.11 12.78 16.78 23 22.67 19.89 12.67 10.44 22 25.33
SD 5.25 1.58 3.62 3.42 5.07 4.03 3.67 2.85 2.18 1.67 3.81 2.65

Table 4. Respondents that adopt the tied-ridges system of soil tillage in the sampled communities

Community Ilesa west Ayedire Ife central Ede south Ayedaade Ife north Ife south Atakunmosa west Oriade Odo-otin Ejigbo Irewole
1 6 12 6 4 9 5 6 7 9 7 5 10
2 10 13 7 5 7 4 5 7 6 6 6 12
3 8 13 5 6 8 5 6 8 10 7 6 12
4 6 11 4 8 6 6 4 5 6 8 8 10
5 4 7 6 7 9 5 5 6 7 4 6 9
6 8 9 4 6 8 4 4 6 4 5 7 9
7 9 10 5 8 9 6 3 4 3 10 2 11
8 4 12 3 8 7 5 3 5 7 10 10 10
9 6 8 6 10 6 7 6 5 8 4 8 8
Mean 6.8 10.5 5.1 6.9 7.7 5.2 4.7 5.9 6.7 6.8 6.4 10.1
SD 2.1 2.1 1.2 1.8 1.2 0.9 1.2 1.2 2.2 2.2 2.2 1.45
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Table 5. Respondents that adopt the tilled-flat without residues system in the sampled communities

Community Ilesa west Ayedire Ife central Ede south Ayedaade Ife north Ife south Atakunmosa west Oriade Odo-otin Ejigbo Irewole
1 23 28 24 32 20 17 23 20 26 33 31 17
2 15 28 26 33 19 26 20 23 35 35 24 12
3 19 26 35 34 22 23 20 23 30 34 20 8
4 32 27 33 22 32 23 26 24 30 30 16 13
5 24 30 29 29 28 14 28 24 30 32 21 16
6 24 30 32 29 32 24 16 19 31 35 22 17
7 25 28 28 31 19 21 25 29 34 31 21 17
8 23 28 25 32 27 27 23 27 32 29 19 12
9 34 34 27 31 31 21 23 29 28 36 20 19
Mean 24.33 28.78 28.78 30.33 25.55 21.78 22.67 24.22 30.67 32.78 21.55 14.56
SD 5.83 2.33 3.80 3.54 5.59 4.15 3.61 3.56 2.78 2.44 4.16 3.50

Table 6. Percentage of farmers that retains trees within and around farm lands

Community Ilesa west Ayedire Ife central Ede south Ayedaade Ife north Ife south Atakunmosa west Oriade Odo-otin Ejigbo Irewole
1 8 12 5 7 10 14 12 15 10 7 9 10
2 10 10 7 8 9 10 11 12 11 11 12 19
3 7 13 10 10 10 11 14 13 9 9 11 13
4 12 14 9 8 8 16 12 10 12 8 13 12
5 9 10 7 9 7 11 13 14 8 10 12 14
6 10 9 8 7 9 10 11 13 14 7 14 15
7 8 11 10 8 10 12 9 12 12 11 10 10
8 6 8 5 10 10 9 12 11 10 10 9 12
9 10 12 7 11 9 8 10 14 10 9 13 11
Mean 8.89 11.00 7.56 8.67 9.11 11.22 11.56 12.67 10.67 9.11 11.44 12.89
SD 1.8 1.9 1.8 1.4 1.1 2.5 1.5 1.6 1.8 1.5 1.8 2.8
% 7.1 8.8 6.1 6.9 7.3 8.9 9.3 10.1 8.5 7.3 9.2 10.3
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Table 7. Farmers with adequate knowledge of no-tillage

community Ilesa west Ayedire Ife central Ede south Ayedaade Ife north Ife south Atakunmosa west Oriade Odo-otin Ejigbo Irewole
1 9 5 13 9 7 9 5 7 8 8 6 7
2 7 7 12 8 10 8 4 9 7 6 7 7
3 3 7 10 9 7 7 8 4 9 9 4 5
4 7 9 11 10 11 5 6 7 5 5 6 7
5 10 6 10 7 7 5 5 3 6 7 7 6
6 8 9 12 8 8 7 4 8 8 6 4 4
7 6 8 9 5 8 9 7 8 5 4 5 8
8 9 8 9 7 8 10 4 7 6 7 4 6
9 7 6 10 8 6 4 5 6 9 5 8 7
Mean 7.3 7.2 10.7 7.9 8 7.1 5.3 6.5 7 6.3 5.7 6.3
SD 2.1 1.4 1.4 1.4 1.6 2.1 1.4 1.9 1.5 1.6 1.5 1.2

Table 8. Farmers without access to tractor and implements

community Ilesa west Ayedire Ife central Ede south Ayedaade Ife north Ife south Atakunmosa west Oriade Odo-otin Ejigbo Irewole
1 92 100 90 94 99 99 100 100 98 98 100 98
2 98 98 97 98 97 99 98 100 100 97 99 100
3 95 100 94 96 96 100 100 99 100 98 100 100
4 97 97 95 97 98 99 99 100 100 99 99 100
5 95 100 97 95 100 100 99 100 100 99 100 100
6 96 99 98 99 95 99 100 99 99 96 100 100
7 100 99 96 97 98 100 98 99 98 100 100 99
8 100 98 98 96 96 97 98 98 100 95 100 100
9 98 100 94 97 99 99 100 100 99 96 98 98
Mean 96.7 99 95.4 96.5 97.5 99.1 99.1 99.4 99.3 97.5 99.5 99.4
SD 2.5 1.1 2.5 1.5 1.7 0.9 0.9 0.7 0.87 1.6 0.7 0.9
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Table 9. Percentage of farmers with erosion problems

community Ilesa west Ayedire Ife central Ede south Ayedaade Ife north Ife south Atakunmosa west Oriade Odo-otin Ejigbo Irewole
1 42 22 65 36 29 15 13 20 13 15 16 10
2 30 21 62 41 38 20 10 18 10 14 20 13
3 50 20 58 37 30 18 16 12 13 16 15 12
4 48 19 51 30 35 12 12 15 14 22 18 14
5 52 18 49 27 40 15 14 13 27 17 17 12
6 55 13 56 55 40 17 17 12 13 21 16 10
7 35 31 40 20 37 12 12 14 24 15 15 12
8 47 21 50 20 35 10 15 13 21 20 20 14
9 42 30 45 45 32 21 13 24 14 11 17 12
Mean 44.6 21.7 52.9 34.6 35.1 15.6 13.6 15.7 16.6 14.0 17.1 12.1
SD 8.1 5.6 8.1 11.6 4.1 3.8 2.2 4.2 5.8 3.5 1.9 1.4
Percentage 14.7 7.1 17.4 11.4 11.6 5.1 4.5 5.2 5.4 4.6 5.6 4.0
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3.4 Soil Erosion and Erodibility Factor of Selected LGA in Osun State

The mean soil erodibility factor (k) of visited communities is presented in Table 10. Erodibility
factor values of the soils in the various communities’ show that the visited farm in Ife central
was had the highest erodibility value of 0.65, an indication that the soil of the community is
highly prone to erosion. It was closely followed by soils in Ife south with erodibility value of
0.53. Soil erodibilty was also high in Atakunmosa and Ilesha west local communities with
values 0.48 and 0.41, respectively. However, soil vulnerability to erosion was lowest in
Oriade and Ede south local communities with values 0.07 and 0.12, respectively. The
particle size composition of soil of the various communities, which is predominantly sandy
clay loam, indicated that most of the particles obtained from the study area belong to the
category of sand and clay fractions. The high value of sand fraction showed that the soils
were well sorted and the transportability of the sand fraction is low, which consequently may
result to carrying away of the lighter particles of silt, clay and other colloidal material [48] and
leaving behind sand fractions. Ife central with the least sand particle percentage (59%) was
characterized with the highest erodibility value (0.65), while Oriade with highest percentage
of sand particles (69%) had the least erodibility value (0.07).

Table 10. Mean soil erodibility of sampled communities in Osun state

Sampled LGA %clay %silt %sand %OM Structure permeability erodibility(K)
Ilesha west 27 12 61 1.26 2 3 0.41
Ayedire 30 10 60 1.36 2 4 0.34
Ife central 28 13 59 1.25 2 3 0.65
Ede south 26 12 62 1.25 2 2 0.12
Ayedaade 24 11 65 1.17 3 3 0.25
Ife north 23 12 65 1.24 3 3 0.27
Ife south 27 10 63 1.15 2 2 0.53
Atakunmosa 28 11 61 1.18 2 2 0.48
Oriade 23 8 69 1.20 3 2 0.07
Odo-otin 25 12 63 1.24 2 3 0.29
Ejigbo 26 9 65 1.12 3 3 0.28
Irewole 24 10 66 1.18 3 2 0.31

4. CONCLUSION

Quantitative assessment of the methods of soil tillage, soil management techniques,
erodibility and erosion characteristics of some selected local government areas of Osun
state, in humid tropical climate of Nigeria had been conducted. Soil eodibility factor (K) was
highest in Ife central while Oriade has the least one. This makes Oriade the least susceptible
to detachment and transportability of the sediment and Ife central the most susceptible. The
slash and burn technique of land preparation is found to be predominantly adopted by the
Farmers. The practice of this method of soil preparation exposes the soils of the study areas
to agents of erosion, reduce soil organic matter and organic carbon, and destroy soil micro-
organisms that help create better aeration and incorporation of humus in soil. Practicing
slash and burn method of land clearing increased the erodibility of the soils. Also, the
absence of trees and cover crops also expose the soil to rain or wind energy which leads to
reduction in the amount of organic matter in the soil and subsequently erosion problems.
The least erosion problem was observed in Irewole LGA where the highest percentage of
farmers retained trees on farm while the reverse occurred in Ife central and Ilesha west LGA
with high erosion problems due to low percentage trees on farms. Traditional heaps and
mounds, tilled flat system, and tied-ridges are the tillage systems adopted by farmers. The
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adoption of tied-ridges by farmers is least comparatively with the use of heaps and mounds
and the use of tilled-flat in all the sampled communities. The different land preparation
system and mechanical makeup of the soils determine their response and susceptibility to
erosion problems. In order to reduce these effects of soil erosion on soil resources,
adequate conservation practices such as maintaining permanent soil cover, avoiding the use
of slash and burn methods and promoting minimal mechanical disturbance of soil through
zero tillage systems to enhance soil and water conservation and control soil erosion and
other practices  that minimize soil disturbance must be employed.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1. Aina PO. Conservation Tillage for Sustainable Agricultural Productivity Department of
Soil Science & Land Resource Management, Faculty of Agriculture, Obafemi Awolowo
University, Ile-Ife, Nigeria; 2011.

2. Wolkowski D. Soil Erosion and Conservation: Prediction and Management. Dept. Of
Soil Science Uw-Madison; 2003.

3. Rowland JRT. Dry Land Farming in Africa. Macmillan, London. 1993;83–120.
4. Bellows BC. Soil Management: National Organic Program Regulations. Appropriate

Transfer of Technology to Rural Areas, National Sustainable Agriculture Information
Service; 2005. Attar.ncat.org/attar-pub/PDF/organic_soil.pdf.

5. Isikwue MO, Adakole SA. Effect of Tillage and Soil cover on Soil Erosion in the Lower
Benue River Basin of Nigeria. Dept of Agricultural and Environmental Engineering
University of Agriculture, Makurdi; 2010.

6. O’geen AT, Schwankl LJ. Understanding Soil Erosion In Irrigated Agriculture. Kearney
Agricultural Center. University of California, Division of Agriculture and Natural
Resources Publication 8196. ISBN-13: 978-1-60107-389-1. ISBN-10: 1-60107-389-5;
2006.
Available: http://anrcatalog.ucdavis.edu.

7. Pimentel D, Harvey C, Resosudarmo P, Sinclair K, Kurz D, McNair M, Crist S, Shriptz
L, Fitton L, Saffouri R, Blair R. Environmental and Economic Costs of Soil Erosion and
Conservation Benefits. Science. 1995;267(5201):1117–1123.

8. Nyakatawa EZ, Reddy KC, Lemunyon JL. Predicting Soil Erosion in Conservation
Tillage Cotton Production System using the Revised Universal Soil Loss Equation
(RUSLE), Soil and Tillage Research. 2001;57:213–224.

9. Isikwue MO, Idike FI, Chukwuma GO. Seasonal Nutrient losses from River Ukoghor
Agricultural Watershed. Proc. Nigerian Inst of Agric Engrs. 2001;23:229–234.

10. Isikwue MO. Influence of Nutrients and Sediment Loads from Two Rivers in Benue
State on Crop Production. A Ph.D. Thesis submitted to University of Nigeria, Nsukka;
2005.

11. Wisconsin’s changing climate: impact and adaptation, (WICCI). Wiconsin Initiative on
Climate change Impacts .Soil conservation group report; 2011.

12. Ketterings QM, Bigham JM, Lapeche V. Changes in Soil Mineralogy and Texture
Caused by Slash and Burn Fires in Samatra, Indonesia soil sci. Soc. Am.
2000;64:1108-1117.

13. Parr JF, Papendick RI, Hornick SB, Meyer RE. Soil quality: Attributes and relationship
to alternative and sustainable agriculture. Amer. J. Alternative Agric. 1992;7(1,2):5-11.



Fasinmirin and Olorunfemi; IJPSS, Article no. IJPSS.2014.002

32

14. Brown LR, Wolf EC. Soil Erosion: Quiet Crisis in the World Economy. World watch
Paper 60. Worldwatch Institute, Washington, D.C.; 1984.

15. Langdale GW, Box J, E Jr, Leonard RA, Barnett AP, Fleming WG. Cornyield reduction
on eroded Southern Piedmont soils. J. Soil and Water Conservation. 1979;34:226-
228.

16. Wall G, Baldwin CS, Shelton IJ. Soil Erosion – Causes and Effects’. Ontario Ministry of
Agriculture Food OMAFRA FACTSHEET; 1987.

17. Morgan RP. A Simple Approach to Soil Loss Prediction: A Revised Morgan-Finney
Model. Catena. 2001;44(4):305-322.

18. Wischmeier WH, Johnson CB, Cross BV. A soil nomograph for farmland and
construction sites. J. Soil and Water Cons. 1971;26:189-193.
Available: www.osunstate.gov.ng.

19. Sanni Lekan. Distribution Pattern of Healthcare Facilities in Osun State, Nigeria.
Ethiopian Journal of Environmental Studies and Management. 2010;3(2).

20. ASTM D 422 - Standard Test Method for Particle-Size Analysis of Soils.
21. ASTM D 2974 – Standard Test Methods for Moisture, Ash, and Organic Matter of Peat

and Organic Soils.
22. Wischmeier WH, Smith DD. Predicting rainfall-erosion losses - a guide to conservation

planning. AH-537. U.S. Dept. Agr., Washington, D.C. 1978;58.
23. Freebain DM, Loch RJ, Cogle AL. Tillage methods and soil and water conservation in

Australia. Soil and Tillage Res. 1993;27:303–25.
24. Certini Giacomo. Effects of fire on properties of forest soils: a review. Oecologia; 2005.

143: 1–10. DOI 10.1007/s00442-004-1788-8.
25. FAO. Soil management and conservation for small farms: Strategies and methods of

introduction, technologies and equipment. FAO soil bulletin 77. ISSN 0253-2050;
2000.

26. Chandler C, Cheney P, Thomas P, Trabaud L, Williams D. Forest fire behavior and
effects. Fire in Forestry, vol. I. New York: Wiley; 1983.

27. Gonza´lez-Pe´rez JA, Gonza´lez-Vila FJ, Almendros G, Knicker H. The effect of fire on
soil organic matter—a review. Environment International. 2004;30:855–870.

28. FAO. The importance of soil organic matter. FAO soils bulletin No. 80. Rome; 2005.
29. NRCS-USDA (K-factor). Technical guide to RUSLE use in Michigan, USA.
30. Fasinmirin JT, Reichert JS. Conservation Tillage for Cassava (Manihot esculenta

crantz) Production in the Tropics. Soil and Tillage Research, Elsevier Science B.V.
2011;113:1–10.

31. Parr JF, Papendick RI, Hornick SB, Meyer RE. The use of cover crops, mulches and
tillage for soil water conservation and weed control. In: Organic-matter Management
and Tillage in Humid and Sub-humid Africa. IBSRAM Proceedings No.10. Bangkok:
IBSRAM. 1990;246-261.

32. Renard KG, Foster GR, Weesies GA, McCool DK, Yoder DC. Predicting soil erosion
by water: A guide to conservation planning with the revised universal soil loss equation
(RUSLE), USDA Agriculture, Handbook 703, US Government Printing Office,
Washington, DC, USA; 1997.

33. Roose E. Soil and Water Conservation lessons from steep slopes farming in French
speaking countries of Africa. In: Conservation Farming on Steep lands. Moldenhauer
W. C. and Hudson N. W. (eds.) Soil and Water Conservation Society, Ankeny, USA.
1988;129-139.

34. LAL R. Tillage effects on soil degradation, soil resilience, soil quality, and
sustainability. Soil Tillage Research. 1994;27:1–8.

35. Mazda Y, Magi M, Kogo M, Hong NP. Mangroves as a coastal protection from waves
in the Tong King delta, Viet Nam. Mangroves and Salt Marshes. 1997;1:127–135.



Fasinmirin and Olorunfemi; IJPSS, Article no. IJPSS.2014.002

33

36. Cat NN, Tien PH, Sam DD, Bien NN. Status of coastal erosion of Viet Nam and
proposed measures for protection. This volume (abstract); 2006.

37. Othman MA. Value of mangroves in coastal protection. Hydrobiologia. 1994;285:277–
282.

38. Bird, ECF, Ongkosongo OSR. Environmental changes on the coast of Indonesia.
NRTS-12/UNUP-197. Tokyo Japan, the United Nation University. 1980;55.

39. Nurkin B. Degradation of mangroves forest in South Sulawesi, Indonesia.
Hydrobiologia. 1994;285:271–276.

40. Tjardana P. Indonesian mangroves forest. Duta Rimba, Jakarta; 1995.
41. Samarayanke RADB. Review of national fisheries situation in Sri Lanka. In: G.

Silvestre, L. Garces, I. Stobutzki, M. Ahed, R.A. Valmonte-Santos, C. Luna, L.
Lachica-Alino, P. Munro, V. Christense & D. Pauly (Eds.) Assessment, management
and future direction of coastal fisheries in Asian countries, pp. 987–1012. World Fish
Center Conference Proceedings. 2003;67:1120.

42. Malini BH, Rao KN. Coastal erosion and habitat loss along the Godavari delta front a
fallout of dam construction (?). Current Science. 2004;87(9):1232–126.

43. Gopinath G, Seralathan P. Rapid erosion of the coast of Sagar island, West
BengalIndia. Environment Geology. 2005;48:1058–1067.

44. Bilan D. The preliminary vulnerability assessment of the Chinese coastal zone due to
sea level rise. Proceedings of the IPCC eastern hemisphere workshop, Tsukuba,
Japan 3–6 August 1993. Thailand. Estuarine, Coastal and Shelf; 1993.

45. Thampanya U, Vermaat JE, Sinsakul S, Panapitukkul N. Coastal erosion and
mangrove progradation of Southern Science. 2006;68:75–85.
Available: www.whyfiles.org.

46. Obi ME, Asiegbu. The physical properties of some eroded soils in Southeastern
Nigeria. Soil Sci. 1980;130:215-225.



Fasinmirin and Olorunfemi; IJPSS, Article no. IJPSS.2014.002

34

APPENDIX

QUESTIONNAIRE

FEDERAL UNIVERSITY OF TECHNOLOGY, AKURE, ONDO STATE
DEPARTMENT OF AGRICULTURAL ENGINEERING

Date........................................................................................................................ ....................

Sample No. ...................... Field Identification............................... Field Size............. hectares

This questionnaire is for academic purpose, kindly fill or tick (√) in the spaces provided as it
applies to you. Your response will be treated confidentially.

Name.................................................................................

Community........................................................

LGA.......................................................................................................................... ..................

1. What is your age? (in years) ................
2. What is your marital status? (a) Single(  ), (b) Married (  ), (c) Divorced (  ),(d) Widow (  )
3. What is your family size?

(i) No of Wives / Husband..........
(ii) No of Children.....................
(iii) No of other dependants..........
(iv) Total.......................................

4. What is your highest educational level? (a) No formal education (  ), (b) Adult literacy ( ),
(c) Others, specify......................

5. How long have you been involved in farm activities? (in years) ....................
6. How many hectares of land area do you cultivate? ................................
7. Soil types.......................... ( a ) Sandy (  ), ( b ) Loamy (  ), ( c ) Clayey (  )
8. What type of clearing technique do you employ in land cultivation? .............................
9. What type of tillage systems do you adopt? (a) traditional heaps and mound system (  ),

(b) tied-ridges system (  ), (c) tilled-flat without residues system (  )
10. Do you retain trees within or around farm? ................ (a) Yes (  ), (b) No (  )
11. Do you have formal knowledge of zero-tillage farming system? ..... (a) Yes (  ), (b) No (  )
12. Do you have access to tractor and implements....................? (a) Yes (  ), (b) No (  )
13. If yes to question (12), how often do you use tractors and farm implements for your farm

operations? Very often............... often ...............not at all........................
14. Do you have erosion problem on farm? (a) Yes (  ), (b) No (  )
15. Do you encounter any problem in obtaining the farm implements/seedlings used for

farming?       (a) Yes (  ), (b) No (  )
16. Which of the following do you consider as your needs:

(i) Adequate credit (  )
(ii) Storage facility (  )
(iii) Market information (  )
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(iv) Sourcing for raw materials (  )
(v) Availability of workers (  )
(vi) Farm Implements (  )
(vii) Record keeping ( )

17. How do you obtain information on your farming activities? (a) Radio / Television (  ), (b)
Extension workers/Research Officers (  ), (c) Others, specify.......................

18. Have you ever been visited by Extension workers? (a) Yes (  ), (b) No (  )
19. What are other challenges faced by you in your farming activities?
_________________________________________________________________________
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Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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