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Abstract

Soil fertility assessment and mapping is the way of assessing soil nutrients on the basis of soil samples test results and
preparing maps at required scale. The study tried to map selected plant nutrients phosphorous, potassium, organic carbon and
other soil fertility indicators (pH. EC, CEC) for Kofele district, Oromia, Ethiopia. About 161 soil samples were collected
across the district and used to map the whole area. Standard laboratory analyses were followed for every soil parameters. In
order to predict values for not sampled locations the Ordinary Kriging interpolation was used by ArcGIS10.1 software. The
potassium level in the study site has two classes’ medium and high which covers 79.98% and 20.02%, respectively. The district
has four categories of soilpH but the majority of the area falls in strongly acidic. Generally, the pH of the study were very
strongly acidic (5.63% of the area, strongly acidic (63.85% of the area), extremely acidic (0.35% of the area) and moderately
acidic (30.16% of the area). The available phosphorus level is categorized as low, medium and high which is 0.71%, 98.36%,
and 0.93%, respectively. The dominating class is medium. Cation Exchange Capacity can also be categorized in three classes
namely low (9.14%), moderate (90.84%) and high (0.016%) in soils of the area. Soil Electrical Conductivity is ranged from
0.085 to 0.383 mmhos/cm at 250Ci.e, are salt free. Soil Organic Matter content ranged from 1.10% to 4.79%namely from low
to moderate in rating classes. The organic matter content of soils of the study area are dominated by moderate and low with
percent share of 79.73%, 20.27%, respectively. Exchangeable potassium (K) can also be categorized in two classes namely
medium 79.98% and high 20.02% in soil of the area.

Keywords
Kofele District, Soil Parameters, Soil Fertility, Mapping, Kriging

1. Introduction

Soil fertility depletion is considered as the fundamental
biophysical cause for declining food production in SSA
countries in general and Ethiopia in particular [18] Farmers
in most parts of the country actually work hard, in seasons of
the year when the rainfall is favorable for their cropping;
regardless of their effort they get very little, which does not
help them to escape their subsistence way of living. The fault

with this agricultural problem is very intricate in nature, the
complexity arises from various condition of the country such
as the agro-climate, topography of the lands, the soil types
and socio-economic status of the farming community and the
combination of these; the overall effect of which is finally
reflected by soil fertility decline and reduction in yield of
crops [3].
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The issue is to solve the problem, systematic application
of scientific methods to assess the fertility status of soils
through their physical, chemical and biological properties.
Research results have shown that the success in soil man-
agement to maintain soil quality depends on understanding
of the properties of a given soil. This is a requisite for de-
signing appropriate management strategies and thereby solv-
ing many challenges that the Ethiopians are facing in the
crop and livestock production sectors and in their efforts
towards natural resource management for sustainable devel-
opment [25]. Regional Research Institutes and national and
regional soil laboratories, have been progress in terms of
resources and output, they are currently carrying out research
on various areas of soil and water management, fertilizer
recommendations, management of problematic soils, and
other relevant areas. However, much of these activities are
specific to particular areas selected for study and currently
cannot be compiled, compared, or accessed at a national lev-
el to enable policymakers and other stakeholders to draw
conclusions on the status of soil in Ethiopia as a whole and
its implications for food production. Describing the spatial
variability across a field was difficult until new technologies
such as Global Positioning Systems (GPS) and Geographic
Information Systems (GIS) were introduced. GIS is a power-
ful set of tools for collecting, storing, retrieving, transform-
ing and displaying spatial data [5]. GIS can be used in pro-
ducing soil fertility map of an area that helps to understand
the status of soil fertility spatially and temporally, which will
help in formulating site-specific balanced fertilizer recom-
mendation. These technologies allow mapping fields accu-
rately and computing complex spatial relationships between
soil fertility factors. Numerous studies have been conducted
based on geo-statistical analysis to characterize the spatial
variability of different properties [6, 14-16, 12, 26].

Thus, information on spatial variability of soil nutrients is
important for sustainable management of soil fertility.
Among many Geo-statistical methods, ordinary kriging is
widely used to map spatial variation of soil fertility. Accord-
ing [17] the ordinary kriging (using either exponential or
spherical models) is more accurate for predicting the spatial
patterns of the soil properties pH, OM, P, and K than the two
other methods (IDW and splines), because it provides a
higher level of prediction accuracy [20]. Soil testing provides
information regarding nutrient availability in soils which
forms the basis for the fertilizer recommendations for opti-
mizing crop yields. Soil fertility maps are meant for high-
lighting the nutrient needs, based on fertility status of soils
and adverse soil conditions which need improvement to real-
ize good crop vyields [23]. Knowledge about an up-to-date
status of different soil parameters at different landscapes and
mapping their spatial distribution play a vital role in site-
specific fertilizer recommendation to enhance production and
productivity of the agricultural sector on sustainable basis.
However, information on the status and spatial distribution
of soil macronutrients are limited for west Arsi zone. There-
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fore, as part of the regional initiative, this study was con-
ducted with specific objectives to assess and map the status
and spatial distribution of soil major nutrients for Kofele
district west Arsi Zone. The results of this study are expected
to add value to the up-to date scientific documentation of the
status of soil fertility for national soil atlas which is being
considered the recommended fertilizer source for maximiz-
ing crop yields and further to maintain the sustainable agri-
culture. Although Soil fertility assessment and mapping at
Kofele district was initiated as response of where and how to
use the soil test based crop response studies results, it has
more advantage than this to give information about soil fer-
tility status of the district for different users.

The objectives of the study were as follows:

To map soil fertility parameters and classify soil nutrient
status of the study area.

2. Materials and Methods

2.1. Descriptions of Study Areas

The study was conducted at Kofele district which is found
in Oromia Regional State and 272 kilometers far from Fin-
fenne, the capital city of Oromia regional state to south di-
rection. Geographically, Kofele district is located between 60
50' 55 to 70 9' 40 North latitudes and 380 39' 08" to 390 3' 4"
East longitudes. With total area coverage of 66097.1 hectares.

Land Use and Vegetation

The main land use systems in the district are mixed (crop-
livestock) agricultural system. The major crops produced are
wheat (TriticumaestivumL.), maize (Zea mays L,), barley
(Hordeumvulagare L.), potato (Salantumtuberosum), faba-
beans, (Viciafaba), fieldpeas (Pisumstivum) andenset
(Enseteventricosum). Besides, and other cash crops vegeta-
bles are also produced widely. Agriculture is entirely rain fed.
There are also different types of natural vegetation, grasses
and waterlogged area.

2.2. Soil Sampling

At the beginning of the study, a preliminary soil survey
and field observation were carried out using the topographic
map (scale 1:50,000) and satellite image dated January
2016/17. Once the topographic map was interpreted, pre-
defined sampling locations were navigated and the exact
sampling points were determined by letting the GPS mean
position for at least three to five minutes. However, as some
pre-defined points were found in unsuitable places for sam-
pling (e.g. road, waterway, and household) they were re-
located in alternate locations within nearby cropping fields
mostly inside a radius of 50 to 100 meters. Each location was
recorded with a Garmin Map 70 S GPS using Adin-
dan_UTM_ Zone_37N projected coordinates with 3 to 5
meter accuracy. After reading the coordinate points and ele-
vation of sampling points, slope gradient (%) of the study
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area was measured using clinometer by standing in the center
of the plot. Then, 10 to 15 sub-samples were taken based on
the complexity of topography and heterogeneity of the soil
type. In order to address effective root depth of most annual
crops, composite soil samples were collected from the top
soil (0-20 cm) for chemical analysis. For perennial/tree crops
such as fruit trees, coffee, etc sampling depth was extended
to 0-50 cm downwards. During collection of sub samples,
maximum care was taken to address variability of the sur-
rounding in terms of the dominant topography and soil type;
for those landscapes having uniform topography and homog-
enous soil type (basically similar soil colour and texture) a
minimum of 10 sub-samples were collected and composited
within 10 to 50 m distance between each sub-plots using
random sampling technique. Accordingly, about 161 points
were successfully sampled in the thirty-nine kebeles (or
peasant associations) of the District: during the off-season of
2007 E.C cropping season. Soil Sample Preparation: -Sample
preparation was made at Batu Soil Research Center. The
samples were air dried and crushed using a mortar and pestle
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and passed through a 2 mesh sieve.

Methods Followed

Selecting Uniform Sampling:- Area Soil conditions are in-
fluenced by many environmental factors those could be ag-
gravated accordingly through intervention of human beings
and natural disasters, therefore while studying soil qualities
including fertility status; it is important to investigate the
relationship of soil forming factors and others. In this study
as much as possible it was attempted to comprehensively
investigate different factors such as topographic, land use,
climate and soils of the area at required scale. The influenc-
ing factors were collected from different sources and pre-
pared for further spatial analysis in order to produce spatial
layers/ features of the study area. These factors were com-
pared to each other and areas those have almost similar char-
acteristics were grouped in to the same category by using
GIS overlay analysis. These categories were used as map-
ping units and soil samples were collected from these units.
Then the district was divided into 161 units as indicated in
figure 2 below.
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Figure 1. Mapping units.
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2.3. Soil Rating

Based on Booker tropical soil manual 1991 the result of
analysis of individual parameters of soils were classified into
different categories, i.e. low, medium, high and very high in
respect of available contents of each nutrients.

3. Results and Discussion

3.1. Soil Reaction (pH)

2.4. Map Preparation

After data base of samples prepared boost Statistical eval-
uation and geospatial evaluation were conducted. Then at the
end of the activities soil Fertility map of the district was pro-
duced for available phosphorous, CEC meq/100 g soil, or-
ganic matter (%), available K and soil pH.
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Figure 2. Map of soil pH at Kofele district.

The soil pH of the study area ranged from 4.022 to 5.86
with average value of 4.87. The soil pH value of the area was
low and ranged from extremely acidic (pH <4.5) to moder-
ately acidic (5.6 - 6.0) as per the pH rating category suggest-
ed by [11] (Figure 2). Based on this, 0.35%, 5.63%, 63.85%
and 30.16% of the soils were extremely acidic, very strongly
acidic, strongly acidic and moderately acidic in reaction,
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respectively.

3.2. Soil Organic Matter

Similar to the other soil parameters discussed so far, the
organic matter content of soils through the district showed
spatial variation. Across the soil mapping units, it ranged
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from 1.10% to 4.79%. Following organic matter rating sug-
gested by [21], the organic matter content of soils in the dis-
trict ranged from low to moderate. Accordingly, out of the
total sampled mapping units (161), 20.27% and 79.73% soils
mapping units were low and moderate in area coverage, re-
spectively as shown in (Table 1).

The most probable source of variation in OM contents
among mapping units might be variation in altitude, intensity
of cultivation, cropping system and soil management practic-
es. The low levels of OM in the soil of mapping units might
be attributed to continuous cultivation with complete remov-
al of crop residue and limited application of organic fertiliz-
ers. This was in line with the findings of several authors [7,
10]. The intensive cultivation is expected to aggravate rapid
oxidation of the small amount of organic matter returned to
soils of the cultivated land units. Furthermore, total removal
of crop residues for other purposes, such as animal feed, fuel,
cash, and construction, is a common practice in the study

area. In consent with the findings in this study, [24, 4]
demonstrated that intensive cultivation results in rapid oxida-
tion of soil organic matter. Furthermore, the total removal of
crop residues for animal feed and as source of energy was
reported as being among the main reasons for low organic
matter content in soils of Ethiopia by [19]. [27] Also con-
firmed that most cultivated soils of Ethiopia are generally
poor in organic matter content.

On the other hand, relatively higher (moderate) content of
OM was recorded in soils of mapping units (79.73%). This
might be due to the fact that wide land mapping units were
repeated uses of fertilizers for production of vegetables dur-
ing off season and their relatively level to gentle slope gradi-
ent where the soil moisture storage is better, resulting in bet-
ter biomass production. Furthermore, the expected impeded
drainage related to topography could also slow down the
decomposition process. This result is in agreement with the
work of [1] in Nitisol of Southwestern Ethiopia.
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Figure 3. Map of soil OM at Kofele district.
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3.3. Available Phosphorus

Among mapping units of the study area for available
phosphorus content of soils varied from 1.94 ppm to 34.22
ppm. The classification was made according to [13] that was
on the basis of its suitability for agricultural production and it
has three classes as indicated in figure 5. The available phos-
phorus level in Kofele district was categorized as low, medi-
um and High which accounts about 0.71%, 98.36%, and 0.93%
respectively of mapping units of the study area which illus-
trated in (Table 1). As per ratings set by [13] the dominating
class is medium which ranges from 5.0 to 15.0 ppm of avail-
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able phosphorus and accounts about 98.36% of the area
where as the least dominant was low which was not more
than 0.71% of the area. The map of the available phosphorus
for the Kofele district is illustrated in the (Figure 5). The
variability in available P contents of soils might be due to
different soil management practices, specifically, inherent
soil fertility status, type and rate of organic and inorganic
fertilizers used in cultivated lands. Besides these factors,
variation in parent material, degree of P-fixation, soil pH and
slope gradient may also contribute for the difference in
available P contents among agricultural soils which in line
with the findings of [22].
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Figure 4. Map of Available phosphorus at Kofele district.

3.4. Cation Exchange Capacity

Measurements of the cation exchange capacity (CEC)
show significant soil properties in particular its ability to
retain the cation because of their mobility in the soil. The
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Kofele district soil CEC can be categorized in three classes
namely low, moderate and high which accounts 9.14%,
90.84%, and 0.016% land area share as indicated in (Table 1).
The spatial patterns of Cation Exchange Capacity are indi-
cated in the (Figure 6).
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Figure 5. Map of CEC at Kofele district.

The variation in CEC values of the studied soils might be
the result of observed differences in OM and amount of clay,
and soil management practices (intensity of cultivation). The
intensive cultivation in the study area, for instance, might
have reduced CEC indirectly through its effect on rapid oxi-
dation of the small amount of organic matter in the soil. In
line with [2, 8] reported that depletion of OM as a result of
intensive cultivation contributed to lower CEC of the soils.

3.5. Exchangeable K

The results of laboratory analysis indicates greater values

of potassium in the study site than the plant growth limiting
ranges of soil potassium level, which ranges from 0.307 to
1.151 (meq/100g of soil). In the some context the Critical
values for K that begin to limit plant growth are around 80 to
200 ppm. In case of this study, the status of potassium level
in the surface soil of Kofele district are more than the values
which limit the growth of crops in the study area. According
to [9] the soil potassium level of study area has two classes’
medium and high which accounts 78.98% and 20.02% re-
spectively as indicated in (Table 1). Its spatial pattern varies
as indicated in (Figure 6).

Table 1. Shows soil parameters classes and their coverage in the study area.

Soil parameter class

Av.p low

127

Area_ha Area-%

474.60 0.71
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Soil parameter class Area_ha Area-%
medium 65014.60 98.36
high 612.56 0.93
low 6044.99 9.14
Soil CEC medium 60038.4 90.84
high 10.92 0.016
Medium 52864.30 79.98
Exchangeable potassium
High 13233.20 20.02
Low 13394.20 20.27
Organic matter
Medium 52700.90 79.73
Extremely acidic 230.65 0.35
Very strongly acidic 3723.59 5.63
Soil pH Lo
onp Strongly acidic 42198 63.85
Moderately acidic 19934.20 30.16
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Figure 6. Map of Exchangeable K at Kofele district.
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4. Summary and Conclusions

A study was undertaken to assess soil fertility status of
soils of Kofele district. The fertility status map of soils of the
study area was based on physiographic mapping units and
physicochemical properties of the soils. Primarily field ob-
servation was undertaken in the study area. Soil color, alti-
tude, slope gradient, topography, land use type and soil man-
agement history were used to sub-divide the district into dif-
ferent mapping units. Soils of the study area are silt loam,
sandy clay loam, loam and sandy loam in textural classes.
Generally, sand size fraction followed by silt fraction domi-
nated the study area.

The pH of the soil ranged from 4.022 to 5.86, indicating
variation with status of extremely acidic to moderately acidic
reaction which can affect the availability and solubility of
some soil nutrients such as P and thus reduce crop yields.
Therefore, appropriate rate of lime needs to be applied or
cultivating acid tolerant crops is recommended for all ex-
tremely acidic, very strongly acidic, strongly acidic and
moderately acidic soils of the study area to obtain optimum
crop yields. The electrical conductivity values recorded in
soils under the different mapping units indicate that the soils
are free from salinity problem currently and in the foreseea-
ble future. Soil OM ranges from 1.1% to 4.79% namely from
low to moderate. The plant available P status ranged from
1.94 ppm to 34.22 ppm. But some parts of the agricultural
soils of the study area were below the optimum level mainly
due to the acidity of the soil reaction. Thus, site specific or-
ganic or inorganic P fertilizer sources are recommended to
boost the agricultural productivity of the study areas. Low
CEC shared 9.14%, moderate CEC shared 90.84% and high
shared 0.016% of the total area of the mapping units. Soil EC
is ranges 0.085 to 0.383 mmhos/cm i.e. totally salt free. The
potassium level in the soil at study site has two classes medi-
um and high.

Further calibration and correlation of soil test results with
plant response is recommended for site-soil-crop specific
fertilizer recommendation with appropriate rate since soil
analysis alone cannot go beyond the identification of defi-
ciency, sufficiency or toxicity status of soil nutrients due to
complex and dynamic nature of the soil.
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