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Abstract: Updated information on status of soil fertility and the soil plant nutrient relationship is important for soil fertility
improvement and subsequently increases crop yields. The study was conducted to assess soil fertility status of sorghum fields and
micronutrient concentration in sorghum tissues and examine the relationship between soil and sorghum tissue test micronutrient at
Daro Labu district, Eastern Ethiopia. Twelve sorghum growing fields from four kebeles were selected purposively. Field survey
was conducted to collect general information about soil fertility management practices and record spatial data. A total of 12
composite soil samples from the depth of 0-20 cm and 12 sorghum tissue samples were collected. The data were analyzed by
using SPSS version 20. The soil texture was sandy clay loam and sandy loam. Soil bulk density was ranged from 1.35to 1.53 g
cm” within an acceptable range. The total porosity of soil was ranged from 41.49 to 45.27%. The soils were very low in OM
content with values ranging from 0.60 to 1.18%. The TN content of soil was ranged from 0.06 to 0.14% which was low. The soils
were better in their available P content. The CEC of soil ranged from medium to high. Exchangeable Ca and Mg were found to be
high and medium respectively. Exchangeable K was low to medium which showed deficiency of K. The soil had adequate level
of DTPA extractable Fe and Mn whereas deficiency of Cu and B was recorded. The 75% of soil was showed Zn deficiency.
Sorghum tissue had adequate concentration of Fe and Mn. However, 66.67%, 16.67% and 58.33% of sorghum tissues were
deficient with Cu (0.35 - 10.53 mg kg™), Zn (7.06 - 20.39 mg kg™) and B (0.18 - 4.69 mg kg) concentration respectively. The
extractable Fe, Mn, Cu, Zn and B concentration in a plant tissue were positively correlated with their respective soil
micronutrients. The soil of the study areas were at normal condition in terms of the studied soil physical properties. The data
regarding chemical fertility parameters indicated that OM, TN, P, K, Cu, Zn and B are the main limiting factors for crop
production. Therefore, application of organic materials (compost, vermicompost, FYM, crop residue management) and balanced
minerals fertilizers containing K, Cu, Zn and B could be recommended. Moreover, further studies on application rates of those
fertilizers by considering soil type and crop variety are suggested.
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replacement of nutrients removed in harvested materials or
lose through erosion and leaching has been the major causes
of soil fertility decline [46]. This is particularly evident in the
intensively cultivated areas. In Ethiopia where 50 — 80% of
the animal manure and 70 — 90% of the crop residues are
removed from the farm and/or used for fuel, soil fertility is

1. Introduction

Depletion of soil fertility is increasingly being recognized
as a fundamental biophysical root cause for declining food
security in the smallholder farmers of Sub-Saharan Africa
(SSA) [71]. Continuous cropping and inadequate
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seriously declining and needs intervention to reverse. In
addition to this the loss of soil nutrients in Ethiopia is related
to cultural practices such as low fertilizer use, removal of
vegetative cover (such as straw or stubble) and burning plant
residues or the annual burning of vegetation on grazing land
[49].

Depletion of soil fertility leads to declining crop yields and
rise in the number of food insecure people [19]. Compared to
other causes of soil fertility depletion; soil erosion and
nutrient mining can be easily reversed through soil
conservation practices and addition of organic and inorganic
fertilizers. Based on soil macronutrient survey conducted by
Murphy [54] indicates that nitrogen (N) and phosphorus (P)
were found to be deficient in many parts of the country.
Therefore, a recommendation was made to use the two
fertilizers (DAP and Urea) across the country for crop
production. However, fertilizers containing micronutrients
has not been applied to the soil, because since then little or
no attention has not been given to fertilizing the soil with
micro nutrients thus leading to unbalanced fertilization and
poor nutrient management and crop quality [77].

Soil fertility is an immense constraint to cereal production
in Africa [63]. Sorghum (Sorghum bicolor L. Moench) is a
viable food grain for millions of people who live in marginal
areas of Africa, South Asia and Central America [1]. In
Ethiopia, sorghum is third important crop after teff
(Eragrostis tef) in terms of total area production. Its
production accounts about 16.89% of the 87.48% annual
cereal production in Ethiopia [21]. In Oromia region, where
the study area located, about 20.8 million quintals of
sorghum grain were produced during 2018 main cropping
season on around 7 hundred thousand hectare [21]. The
average grain yield of sorghum in Oromia region is about
28.30 quintals ha™ well below the industrialized world [21].
A whole range of growth-reducing factors are responsible for
this low grain yield. The inherent low soil fertility is hugely
blamed for the low yields. These soils are not rich inorganic
matter. In addition, little or no litter is added back to the soil
due to complete removal of crop residues since farmers used
sorghum leaves and stems as a forage for animals. The Stover
is also used as construction material. Thus, repeated
cultivation and harvest constitute depletion of nutrients and
OM.

The drive for targeting higher agricultural production
needs a balanced use of nutrients which otherwise create
problems of soil fertility exhaustion and nutrient imbalances
not only of major but also of secondary and micronutrients
[59]. Whenever either of the nutrients is deficient it resulted
in abnormal growth, which sometimes cause complete crop
failure. Thus, micronutrient deficiency and toxicity can
reduce plant yield [68]. Besides, grain and flower formation
does not take place in severe deficiency [56]. Therefore,
correcting micronutrient deficiencies through balanced
fertilization promotes yield of crops [77].

The studies revealed that judicious use of nitrogenous and
phosphatic fertilizers in the intensive cropping system may
cause the quick depletion of micronutrients in soils [41]. In

addition to this, the availability of micronutrient to plant
growth is highly dependent on some soil factors such as
organic matter content, adsorptive surface, soil pH, lime
content, soil texture, topography and nutrient interactions in
the soil [56, 26].

The status of soil micronutrients in agricultural soils and
adjusting their availability to plants through balanced
fertilization is expected to increase crop productivity.
Currently, the fertility assessment and fertilizer
recommendation work for the majority of the country's
agricultural land has been completed. Accordingly, in
addition to nitrogen and phosphorus deficiency, Boron is
highly limiting micro nutrients and in some areas Zn and Fe
are a potential limiting micronutrient for crop production in
Daro labu district. However soil plant micronutrient
relationship has not been studied and there is no information
on their relationship.

Soil and plant analysis are the commonly used methods to
evaluate the soil fertility status. However, the use of plant
analysis in this respect has been very limited [39]. According
to Ekbladh [23] and Memon et al. [47], the major reasons
mentioned for low adoption of plant analysis are
environmental variations and plant related factors such as soil
type, soil moisture, climate, plant developmental stage,
variety etc. Despite these limitations, plant analysis was
found to be superior in telling the actual nutrient status of
soils since it uses the plant itself as a nutrient extractor [38].
As a result, combining the two methods is vitally important
in order to get a better picture of the nutrient status, nutrient
interactions and to make viable fertilizer recommendations
[47, 45]. In Ethiopia, there are only few soil fertility
assessment have been supported by plant tissue analysis [7,
28, 38, 31, 14, 43]. Hence, in this study plant tissue analysis
was conducted to support soil data. Therefore, this study was
initiated with the following objectives.

General objectives;

1. To assess soil fertility status of sorghum fields and
micronutrient status of sorghum tissues and examine the
relationship between soil and sorghum tissue test
micronutrient status in the study area.

Specific objectives

1. To assess soil fertility status of sorghum growing fields
in the study area

2. To determine micronutrient concentration in the tissues
of sorghum grown in the study area.

3. To examine the relationship between soil and sorghum
tissue micronutrient concentration in the study area.

2. Material and Methods
2.1. Description of the Study Area

The study was conducted in Daro labu districts, West
Hararghe Zone, Oromia National Regional State of Ethiopia.
The district is located between 08°19°15” and 08°42°55” N
and 40°10°00” to 40°50°00” E. The altitude of the study area
ranges between 1350 and 2450 meter above sea level
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(m.a.s.l). Eight years mean annual rainfall is 1094mm and
has a bimodal rainfall distribution pattern. The short rainy
season usually starts in March and extends to May, while the
main/long rainy season stretches from end of June to
September. The annual minimum and maximum
temperatures are 14 and 26°C respectively and the annual
mean temperature is 20°C (Figure 2). The major soil type of
the study area is Nitisols and its textural class is sandy clay

25

loam which is reddish in color. The agricultural activities in
the district are mainly characterized by the presence of
subsistence mixed farming system of both crop and livestock
production. The major cereal crops grown are sorghum
(Sorghum bicolor. L) and maize (Zea mays). Khat (Catha
Edulis) and coffee (Coffea) is the main cash crop grown in
the study area. The farming system is mainly based on
continuous cultivation without any fallow periods.
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Figure 1. Map of the study area.
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2.2. Site Selection, Soil and Plant Tissue Sample Collection

Sampling site selection was performed based on potential of
sorghum production areas in the districts. Accordingly four
kebeles were selected and from each kebeles three farmers
field was selected based on the willingness of the farmers. A
total of 12 farmers field were selected from four kebeles.

From each selected farmers" field soil samples were collected.
Soil samples were taken from 0-20cm depth. The disturbed and
undisturbed soil samples were taken using augur and core
sampler, respectively. At each sampling point, one composite
soil sample was collected from 20 sub sample within 15m radius
in a circle method. Generally, 240 sub samples were collected to
make 12 composite soil samples based on complexity of

topography and variability of the soil. From each field,
additional information such as topography, slope gradients,
longitude, latitude and soil fertility management practices
(residue management, type and amount of fertilizers used and
dominant previous crop) were collected using a short structured
questionnaire in order to get general information about the plots.
Soil samples were not collected from restricted areas such as
animal dung accumulation places, poorly drained and any other
places that cannot give representative soil samples. The
composite soil samples were prepared from thoroughly mixed
auger sub samples. After mixing approximately 1 kg of the
composite samples with proper labeling on each sampling bag
and samples were transported to laboratory for analysis.

Table 1. Physiographic characteristics and soil fertility management practices of the study area (Where; Mgt=management, FYM=Farm yard manure,

m.a.s.[=meter above sea level).

A o ] 1
Location/site Major crop ilztsuld ¢ Slope (%) Previous crop Residue mgt ﬂi:;lhzer uijei;kg ha”) :)shl;a
Milkaye Sorghum 1665 4 Sorghum Cleared 12.5 0 0.15
Gudis Sorghum 1697 6 Sorghum Cleared 7 0 0
Kotora Sorghum 1726 8 Sorghum Cleared 12.5 0 0

Jilbo Sorghum 1810 12 Sorghum Cleared 10 5 0

Sorghum tissue sample were collected from the same plots
from where soil samples was collected. Three replicated
sorghum tissue samples from each kebeles were collected at
appropriate stage. The second top leaf of sorghum is best
indicators of mineral nutrients [60]. Thus, sorghum tissue at
heading stage, the second leaf from top of the plant was
collected. Accordingly, 20 sub plant tissue samples were
collected within 15m radius in a circle method to make one
composite tissue sample. Therefore, 240 tissue sub samples
were collected to make 12 composite samples from four kebeles.

2.3. Soil and Plant Tissue Sample Preparation and Analysis

The collected soil samples were air dried and ground using
mortar and pestle and passed through a 2mm sieve for soil
physico chemical analysis except for TN and OC which was
sieved by a 0.5mm sieve after a careful removal of plant parts
and other unwanted materials.

The particle size distribution of the soils was analyzed
using Bouyoucos hydrometer method as outlined by
Bouyoucos [16]. Soil textural class names were determined
following the textural triangle of USDA system as described
by Rowell [61]. The bulk density, from undisturbed soil
samples was determined using the core method after drying
the soil samples in an oven at 105°C to a constant weight
[15]. The core sampled soils was oven dried and the bulk
density (BD) calculated by dividing the mass of the oven dry
soil (g) by the respective volume (cm™) as it exists naturally
under field conditions. Pycrometer method was used to
determine soil particle density [15]. Total porosity was
estimated from the values of BD and PD as:

TP (%) = (1 —55) « 100

Soil pH was measured by pH meter in the supernatant

suspension of 1:2.5 soils: water ratio [72]. Soil organic carbon
content of the soil was determined by potassium dichromate wet
oxidation procedure [75]. Soil organic matter was calculated
from soil organic carbon by multiplying with a coefficient of
1.724 following the assumptions that organic matter is
composed of 58% organic carbon. Total nitrogen (TN) content
of the soil was determined by wet digestion procedures of the
Kjeldahl method [15]. Available phosphorus (Av. P) was
determined calorimetrically using UV spectrophotometer after
the extraction of soil sample with 0.5M sodium bicarbonate
adjusted at pH 8.5 following the Olsen extraction method [58].
Exchangeable cations (Ca, Mg, K and Na) were determined
after extracting the soil samples by Inormal ammonium
acetate (1IN NH4OAc) solution at pH 7.0. Exchangeable Ca
and Mg in the extract were measured by atomic absorption
spectrophotometer (AAS) whilst K and Na were read using
flame photometer from the same extract [61]. The CEC was
determined from the same soil that was leached with
ammonium acetate through distillation and titration of
ammonia, after washing down of excess ammonium acetate by
ethyl alcohol to remove excess salts followed by leaching with
sodium chloride to displace the adsorbed (NH,") as described
by Sahlemedhin and Taye [62]. The percent base saturation of
the soils was calculated as the percentage of the sum of
exchangeable cations (Ca, Mg, K and Na) to the CEC and
multiplying by 100 as shown in the below equation:

__(Ca+Mg+Na+K) *100
PBS = CEC

Extractable micronutrients (Fe, Mn, Zn and Cu) were extracted
by DTPA method as described by Okalebo er al. [57]. The
amounts of the micronutrients in the extract were determined by
atomic absorption spectrophotometer (AAS). Boron (B) was
extracted by hot water [12]. The extracted B was measured
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calorimetrically using Azomethine-H reagent and its
concentration was analyzed by using UV spectrophotometer [13].
On the other hand, plant leaves were first washed with
distilled water, oven dried at 70°C for 48 hours to a constant
weight, ground, passed through 2mm sieve and placed in paper
bags [76]. Micronutrient concentration (Fe, Mn, Cu, Zn and
Hot water soluble boron) in plant tissues samples was analyzed
after dry ashing process [18]. The oven dried ground plant
tissue sample was ashed in a muffle furnace at 550°C for 6 hrs.
Subsequently, Hot water soluble B was measured by
colorimetry using Azomethine-H reagent and its concentration
was determined using UV spectrophotometer while Fe, Mn,
Cu and Zn concentration in a plant tissue was determined by
using Atomic Absorption Spectrophotometer (AAS) [13].

2.4. Statistical Analysis

Data analysis was carried out using Statistical Package for
Social Sciences (SPSS) software version 20. The mean soil
analytical results were interpreted as very low, low, medium,
high and very high using standard ratings. Correlation
analysis was performed to assess relationships among soil
and plant micronutrient contents.

3. Results and Discussion
3.1. Soil Physical Properties

3.1.1. Soil Particle Size Distribution

The soil particle size distributions of the study area were ranged
from 55 to 74% for sand, 11 to 21% for silt and 15 to 25% for clay
(Table 2). The highest mean values of sand 72.33% and the lowest
mean values of silt 11.67% and clay 16.00% fractions was
recorded at Jilbo site whereas, the highest mean values of silt 22%
and clay 20% and the lowest mean values of sand 58% fraction
was recorded at Milkaye site. The mean particle size distribution
is in the order of sand>clay>silt. The textural class were varied
from sandy clay loam to sandy loam according to USDA soil
texture classification system described by Rowell [61]; where
sandy loam was a dominant (Table 2).

The most probable reasons for the slight variation in their
particle size distribution might be due to differences in slope
gradient and elevation (Table 1). From this study, it was
found that soils at lower elevation and slope gradient have
higher clay and silt content than soil at higher elevation and
slope gradient which is indicating that clay and silt fraction
was transported from higher slope and subsequently

deposited to lower slope through the process of soil erosion.
Kedir et al. [42] reported that silt and clay fraction was
accumulated at lower slope due to soil erosion.

3.1.2. Bulk, Particle Densities and Total Porosity

The mean values of soil bulk densities (BD) were varied
from 1.35 to 1.53 g cm™. Relatively, the highest (1.52 g cm™)
and the lowest (1.36 g cm™) mean values of BD were recorded
at Jilbo and Milkaye site respectively in the study area (Table
2). The slight variation of soil BD might be due to variation of
SOM and texture. Therefore, the possible reason for the lowest
BD recorded at milkaye site could be due to relatively higher
OM contents and clay fractions as compared to other sites.
However, the relatively higher BD registered at Jilbo site is
probably due to higher percentage of sand and lower OM
content of soil. Pearson correlation analysis reveals that, Clay
fraction (r=-0.871) and OM (r=-0.778) content of soils had
showed highly significant (p<0.01) negative correlation with
bulk density (Table 7). Usmael [69] also reported a linear
negative relationship between OM and bulk density and clay
fraction for soils of the Becheke sub watershed, Haramaya
district, Easter Ethiopia. In general, the soil BD of the study
area were found to be with an acceptable range for sandy loam
and sandy clay loam which is less than 1.61 g cm” [9]. Based
on the critical level given by Hazelton and Murphy [37], the
soil BD of the current study area was moderate. This indicates
the existence of loose soil conditions in the study area;
therefore, the soils of the study area have good structure.

The values of soil particle density (PD) were ranged from
2.37 t0 2.59 g cm™. Comparatively, the highest (2.58 g cm™)
and the lowest (2.38 g cm®) mean values of PD were
registered at Jilbo and Milkaye site for soil of sorghum
growing fields (Table 2). The most probable reasons for the
slight variation in their soil PD might be due to differences in
OM content and heavy minerals in the soil. The highest PD
recorded at Jilbo site could be due to the presence of
relatively high sand content, presence of heavy minerals of
iron and lower SOM content (Tables 3 & 5).

Soil OM content of soils had showed highly significant
(p<0.01) negative correlation (r=-0.928) and sand fraction
had showed highly significant (p<<0.01) positive correlation
(r=0.956) with PD as shown in Pearson Correlation (Table 7).
Iron content of soil had showed positive correlation (r=0.474)
with PD. This is in line with the finding of Mulugeta [53]
who reported that PD increased due to the presence of high
sand content and heavy metals of Fe.

Table 2. Mean values of some soil physical properties in Daro Labu district.

Kebele/ site Sand (%) Silt (%) Clay (%) Soil texture BD (g cm™) PD (g cm™) TP (%)
Milkaye 58.00+3.00 20.00+1.00 22.00+2.65 SCL 1.36+0.02 2.38+0.01 42.68+0.93
Gudis 68.67+1.53 13.67+0.58 17.67+2.08 SL 1.49+0.02 2.54+0.04 41.25+0.73
Kotora 64.67+4.93 16.33+2.31 19.00+2.65 SL 1.42+0.02 2.45+0.04 42.11£1.57
Jilbo 72.33£1.53 11.67+0.58 16.00+1.00 SL 1.52+0.01 2.58+0.01 40.86+0.35
Total 65.9246.14 15.42+3.45 18.67+2.96 SL 1.45+0.07 2.49+0.08 41.73+1.13
Range 55.00-74.0 11.00-21.0 15.00-25.0 1.35-1.53 2.37-2.59 40.30-43.51
CV (%) 9.31 22.37 15.85 4.83 3.21 2.71

Mean+SD, BD=Bulk density, PD=Particle density, TP=Total porosity, CV=Coefficient of variation, SCL=Sandy clay loam, SL=Sandy loam
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Total porosity of the soil was ranged from 40.30 to 43.51%.
Relatively, the highest (42.68%) and lowest (40.86%) mean
values of total porosity were registered at Milkaye and Jilbo
sites respectively (Table 2). According to the FAO [32] rating,
the percent total porosity of soil in the study areas was rated
as very high > 40%.

3.2. Soil Chemical Properties

3.2.1. Soil Reaction (pH)

The recorded soil pH of the study area was extended from
6.31 to 6.93. Relatively, the highest (6.90) and the lowest (6.32)
mean pH values were registered at Milkaye and Jilbo site
respectively (Table 3). In general, the soil pH of study area was
categorized under slightly acidic to neutral as per the rating of
Tekalign [66]. The variation of soil pH mean values might be
due to differences in slope gradients, elevation, application of
acid forming fertilizers and soil texture (Tables 1 & 2). In line
with this finding Mohammed et al., [50] reported that soils in
higher altitudes and slopes had lower pH values, probably
suggesting washing out of soil basic cations. Cardelli ez al., [17]
and Alexandra et al, [8] who stated that soil pH values were
significantly lower due to the application of NH," sourced
fertilizers that nitrifies NH,". According to Gazey and Davies
[34], pH between 5.5 and 7.0 was considered as an ideal for
plant growth. Thus, the pH values of soils of the study area are
ideal for plant growth and the availability of most of plant
nutrients might not be affected with this pH ranges.

3.2.2. Soil Organic Carbon, Total Nitrogen and C: N Ratio
The values of soil organic carbon (OC) across the study
area ranged from 0.35 to 0.69%. Comparatively the highest
(0.66%) and lowest (0.39%) mean values of OC were
recorded at Milkaye and Jilbo site respectively (Table 3).
According to the rating suggested by Tekalign [66], the soil
organic carbon content of the study area can be categorized
under very low (<0.86%) which needs urgent improvements
via application of organic materials such as compost,
vermicompost, surface residue management etc. Total
removal of crop residues due to a number of competing ends

such as animal feed, fuel, construction and sell to others to
generate income is common practices which lower the
amount of SOC and not applying organic fertilizers to replace
the amounts mineralized, immobilized and lost by erosion in
the study areas. In addition to this, the most probable source
of variation in soil OC contents among the fields might be
due to variation in altitude, slope gradients, cropping system,
FYM application (Table 1). Fields of steep slopes (Jilbo site)
with severe soil erosion due to steep slope gradients could
contribute to lower OC contents as the OC depletes through
removal of the surface soils. Similarly, Musefa [55] reported
that high level of SOM recorded at lower slope due to OC
accumulation. In line with this, many authors [3, 65, 38, 29]
reported that complete removal of crop residues without
adding external organic inputs were considered as the major
reasons for low OC status of cultivated lands.

The soil total nitrogen content was extended from 0.06 to
0.14%. Relatively, the highest (0.1%) mean values of TN
were recorded at Milkaye and Kotora site while the lowest
(0.07%) mean values were recorded at Jilbo site (Table 3).
According to the rating suggested by Tekalign [66], the soils
of the study area were found to be low in their TN. Relatively
the lowest soil TN content recorded Jilbo site could be
attributed to relatively low OM content, steep slope gradient
and high percentage of sand fraction which exacerbate loss of
TN. These results are also supported by Zhihui et al. [79]
who stated that application of organic materials increased
OM content of soil. Mesfin [49] report indicate that, soil
erosion due to steep slopes and heavy rainfall as well as
leaching, may have contributed to nitrogen loss.

The soil Carbon to nitrogen ratio was ranged from 4.14 to
8.83. Comparatively, the highest (6.63) and lowest (5.70)
mean values of C: N ratio was registered at Milkaye and
Jilbo site respectively (Table 3). According to C: N ratio
rating suggested by Landon [44], the C: N ratio of soils of the
study area were categorized as very low (<8). This is clearly
indicated that Very low C: N ratio of the study areas could be
attributed to low organic carbon as compared to total nitrogen.
Musefa [55] reported similar findings.

Table 3. Mean values of soil chemical properties in Daro Labu district.

Kebele/ site pH (H,0) OC (%) TN (%) C:N Av. P (mg kg™)
Milkaye 6.90+0.03 0.66+0.02 0.10+0.02 6.63+1.55 11.46+0.67
Gudis 6.49+0.06 0.47+0.14 0.08+0.02 6.12+1.90 10.25+0.33
Kotora 6.67+0.06 0.57+0.10 0.10+0.04 5.71£2.04 11.13+£0.91
Jilbo 6.32+0.01 0.39+0.04 0.07+0.01 5.70+1.42 9.75+1.25
Total 6.60+0.23 0.52+0.13 0.09+0.03 6.43+1.61 10.65+1.02
Range 6.31-6.93 0.35-0.69 0.06-0.14 4.14-8.83 8.43-12.07
CV (%) 3.48 25 33.33 25.04 9.58

Mean+SD, pH=power of hydrogen, OC=Organic Carbon, TN=Total nitrogen, C: N=Carbon to nitrogen ratio, Ava. P=Available phosphorus, CV=Coefficient

of variation

3.2.3. Available Phosphorus

The soil available P of sorghum growing fields was ranged
from 8.43 to 12.07 mg kg'l. Comparatively, the highest
(11.46 mg kg'l) and the lowest (9.75 mg kg') mean values of
Olsen extractable P were recorded at Milkaye and Jilbo site

respectively (Table 3). Based on the rating suggested by
Cottenie [20], the available P contents of soil in the study
area were found to be low (<10 mg kg) to medium (10-17
mg kg™'). The variability in soil available P content might be
due to type and rate of organic and inorganic fertilizers and
slope gradient, which can cause downward movement of P
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with runoff water from top slope and accumulated at the
bottom slope among farms (Table 1). Accordingly, the
highest available P at Milkaye site could be due to relatively
high amount P containing fertilizer application, low elevation,
gentle slope gradients and relatively high OM contents.
These results are in agreement with the report of Wakene [74]
and Gebeyaw [35] who indicated that available P in
cultivated land was higher due to mineral P fertilization
resulted in the building up of plant available P on top soils
compared to non-fertilized plots. However, OM is not
necessarily the primary supplying source of available P, but it
retains available P against loss through erosion. This is best
described by positive and highly significant (r=0.682, p<0.01)
correlation between Avail. P and OC (Table 7).

3.2.4. Cation Exchange Capacity (CEC)
The soil CEC of the study area was ranged from 23.20 to

27.60 Cmol (+) kg™ Relatively the highest (27.13 Cmol (+)
kg") and the lowest (23.53 Cmol (+) kg') mean values of
CEC were registered at Milkaye and Jilbo site respectively
(Table 4). Based on the rating suggested by Hazelton and
Murphy [37], the soils of the study area varied from medium
(12-25 Cmol (+) kg'l) to high (25-40 Cmol (+) kg'l) in their
CEC. The variation in CEC values of the studied soils is
attributable to variation in soil organic matter content and
percentage of clay fraction. The higher soil CEC value at
Milkaye site might be attributed to the increase in clay
contents and OM. Pearson correlation analysis indicated
strongly significant (p<0.01) and positively relationship
between CEC and OC (r=0.750), CEC and clay fraction
(r=0.817) (Table 7). The result in agreement with this,
Abayneh [2] found that negative charge derived from the clay
minerals and OM increases the CEC of soils.

Table 4. Mean values of CEC, exchangeable cations and PBS of soil in Daro Labu district.

. (Cmol (+)/kg soil) o
Kebele/site CEC Ex. Ca Ex. Mg Ex. K Ex. Na PBS %
Milkaye 27.1320.50 16.45£0.77 2.2520.08 1.1120.13 0.430.10 74.602.20
Gudis 24.5320.64 13.4620.86 1.78+0.37 0.710.13 0.36+0.08 66.49+4.61
Kotora 2420035 13.10+0.66 1.710.14 0.54+0.15 0.34+0.03 64.8343.07
Jilbo 23.5320.31 12.28+0.19 1.56+0.15 0.25+0.15 0.18+0.05 60.65+0.42
Total 24.85+1.48 13.82+1.74 1.83£0.33 0.65+0.35 0.3320.11 66.9245.87
Range 23.20-27.60 12.07-17.33 1.432.30 0.10-1.27 0.13-0.54 60.37-77.14
CV% 5.96 12.59 18.03 53.85 33.33 8.77

Mean+SD, CEC=Cation exchange capacity, Ex=Exchangeable, PBS=Percent base saturation, CV=Coefficient of variation

3.2.5. Exchangeable Basic Cations and Percent Base
Saturation (PBS)

The data regards exchangeable bases showed that,
relatively the highest mean values of exchangeable Ca (16.45
Cmol (+) kg), Mg (2.25 Cmol (+) kg™), K (1.11 Cmol (+)
kg") and Na (0.43 Cmol (+) kg'') were recorded at Milkaye
site, whereas, the lowest mean values of exchangeable Ca
(12.28 Cmol (+) kg), Mg (1.56 Cmol (+) kg), K (0.25
Cmol (+) kg™") and Na (0.18 Cmol (+) kg™) were registered at
Jilbo site under (Table 4).

According to the ratings set by FAO [32], the exchangeable
Ca was grouped as high and Mg was categorized as medium in
the study area. The status of exchangeable K were ranged from
medium at Milkaye and Gudis site to low at Kotora and Jilbo
site indicating that the soils are deficient in K. The
exchangeable Na in the study areas were grouped as medium
except at Jilbo site which was low status.

The lower exchangeable bases at Jilbo site might be
attributed to higher slope gradients, low OM contents and
high percentage of sand particles which contribute to
accelerate leaching of basic cations. Similarly, Achalu et al.
[4] reported that, lower concentrations of exchangeable Ca,
Mg, K and Na contents recorded in soils of cultivated land
could be attributed to low OM content and leaching of basic
cations from top soils of cultivated land.

From the fertility point of view, exchangeable Ca, Mg and
also K at Milkaye and Gudis were not limiting nutrients to
crop production. However, the low level of exchangeable K

at Kotora and Jilbo site might be due to relatively its lower
pH values in addition to its lower OM contents. The results
were in agreement with the findings reported by Alemayehu
Tadesse [6] and Mesfin Abebe [48] that the low levels of
exchangeable K observed under acidic soils and intensive
cultivation. Wakene (2001) also reported K deficiency in
Nitisols of Bako area. However the results were disagrees
with the common belief that Ethiopian soils are rich in
potassium [54]. Barber [11] reported that the critical level of
exchangeable K in the soil for most crops of K fertilizer
requirement is 0.38 Cmol (+) kg™ and therefore, the content
of exchangeable K for soils of sorghum fields at Jilbo site
which is below the critical level and insufficient for optimum
crop production. Therefore, the soils required application of
K containing fertilizers and OM improvement.

The computed PBS indicated that, the highest (74.60%)
and lowest (60.65%) mean values of PBS were recorded at
Milkaye and Jilbo site (Table 4). According to the ratings set
by Hazelton and Murphy [37], the PBS of soil of the study
areas were found to be High (60-80%). In general, soils with
high PBS are considered relatively more fertile because many
of the bases that contribute to higher PBS are essential macro
plant nutrients [36]. Accordingly, the soils of the study area
had high and considered as fertile soils with regards to
exchangeable cations especially Ca and Mg.

3.2.6. Extractable Micronutrients (Fe, Mn, Cu, Zn and B)
of Soil
The values of DTPA extractable micronutrients were
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ranged for Fe (8.47 to 16 mg kg'l), Mn (6.51 to 13.01 mg kg
Y, Cu (0.39 to 1.18 mg kg™), Zn (0.04 to 0.86 mg kg') and
hot water soluble extractable B (0.10 to 0.20 mg kg'l).
Relatively, the highest mean value of extractable Fe (15.29
mg kg'l) was recorded at jilbo, while Mn (12.13 mg kg), Zn
(0.57 mg kg'), and B (0.21 mg kg'l) were registered at
Milkaye and Cu (0.92 mgkg'l) was registered at Kotora site.
On the other hand, the lowest mean values of extractable Fe
(9.57 mg kg™") was recorded at Milkaye site while Mn (7.15
mg kg), Cu (0.44 mg kg') and B (0.12 mg kg') were
recorded at Jilbo and also the lowest Zn (0.17 mg kg™') was
recorded at Gudis site (Table 5).

According to the rating described by Jones [39], 100%
soils of the study areas were categorized as high and medium
in their DTPA extracted Fe and Mn contents respectively.
Similarly, adequate amount of extractable Fe and Mn status
in most Ethiopian soil was registered by many researchers
[28, 38, 51, 65, 24, 25, 73, 43]. Therefore, the soil of the
study areas had adequate levels of extractable Fe and Mn and
their application in the form of fertilizer is not required
unless their possible deficiencies due to nutrient interaction
or other factors lowers their status are observed.

The low level of extractable micronutrients (Cu, Zn and B)
could be attributed to low OM, high percentage of sand
fraction and poor soil management in the study areas.
Similarly, Wajahat et al., [72] reported that most sandy soils
are acutely deficient in micronutrients compared to clay soils.
Low OM content of soil is contributed to lower extractable
soil micronutrient [74].

On the other hand, 100% soil were categorized as low and
very low level in their extractable Cu and hot water soluble B
according to the rating suggested by Karltun et al. [40].
Extractable Zn was medium at Milkaye, low at Kotora and
Jilbo and very low level at the remaining sites. Thus 100% of
soils of the study areas were deficient in their extractable Cu
and B. On the other hand, 75% soils of sorghum growing
fields were deficient in their extractable Zn contents. In
agreement with the finding of the study, Cu deficiency was
observed in Ethiopian soil [25, 28, 77]. Extractable Zn and B
deficiencies were reported as a common soil fertility problem
in many soils of Ethiopia [28, 38, 65, 24, 25, 78, 67, 26, 43].
Therefore, in the study area the use of Cu, Zn and B
containing fertilizers could be recommended.

Table 5. Mean values of selected micronutrients of soil in Daro Labu district.

. Mg kg'!

Kebele/site Fe Mn Cu Zn B
Milkaye 9.57+1.01 12.13+0.14 0.81+0.04 0.57+0.17 0.18+0.02
Gudis 9.96+0.75 8.19+2.52 0.51£0.10 0.17+0.04 0.14+0.04
Kotora 13.80+0.78 10.36+2.37 0.92+0.24 0.49+0.33 0.15+0.02
Jilbo 15.29+0.93 7.15+£0.37 0.44+0.05 0.33+0.25 0.12+0.02
Total 12.16+2.67 9.46+2.50 0.67+0.24 0.39+0.25 0.15+0.03
Range 8.47-16.00 6.51-13.01 0.39-1.18 0.04-0.86 0.10-0.20
CV% 21.96 26.43 35.82 64.10 20

Mean+SD, CV=Coefficient of variation

3.3. Micronutrient Concentration in Sorghum Tissue

The micronutrient concentrations of sorghum tissues were
ranged for Fe (62.40 to 116.80 mg kg™), Mn (23.88 to 38.81
mg kg™), Cu (0.35 to 10.53 mg kg™), Zn (7.06 to 20.39 mg
kg") and B (0.18 to 4.69 mg kg'). Relatively, the highest
concentration of Fe was registered at Jilbo site, whereas, Mn
and B were registered at Milkaye site. Highest concentrations
of Cu and Zn were recorded at Kotora site. In contrast, the
lowest Fe concentrations were recorded at Milkaye site while
Mn, Cu, Zn and B were recorded at Jilbo site (Table 6).

The sorghum tissue concentrations of Fe and Mn revealed
that 91.67% of the tissues were found to be within a
sufficiency range according to the norms developed by plank
and Donohue, [60]. The sufficient concentrations of Fe and
Mn in sorghum tissue were in agreement with their soil
concentration. Similarly, Kehali, [43] reported sufficient and
higher Fe and Mn concentration in sorghum leaves. 66.67%,
16.67% and 58.33% of sorghum tissue were deficient in Cu,
Zn and B concentration respectively. In contrast to soil Cu
and B contents that have 100% deficient, sorghum tissue
didn’t indicate the whole deficiency while 75% of Zn
deficiency in soil of sorghum growing fields, only 16.67% of

sorghum tissues was deficient. The present study thus
indicated that sorghum plant has ability to absorb the
required quantity of those micronutrients from the growing
medium within its growing season. In agreement with this
finding, plants which have greater root mass and hair,
increased micronutrient solubility due to root exudates,
influence of soil pH and acidification of the rhizosphere and
other acidic reactions was reported to enhance the availability
and uptake of Cu, B, Fe, Mn and Zn by roots [5, 22, 27, 36].
In addition to this, the optimum level of manganese increases
the uptake of copper.

Many of the soil physico chemical properties revealed
significant correlations of varying degrees and directions
among each other (Table 7). For instance, BD and PD was
highly significantly (p < 0.01) and negatively associated with
OM. Similarly, bulk density also highly significantly (p <
0.01) and negatively correlated with total porosity.

Soil pH was highly significantly (p < 0.01) and positively
correlated with exchangeable Ca, Mg, k and Na and
negatively associated with extractable Fe. It had also highly
significantly (p < 0.01) and positively correlated with CEC,
OM and significantly (p < 0.05) correlated with total nitrogen.
This is because the solubility and availability of bases
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forming cations increase at higher pH and that of Fe
decreases with increase in soil pH. Higher concentrations of
exchangeable bases (Ca, Mg, K and Na) are apparently
responsible for the relatively increases soil pH values

31

observed in this study. The positive relationship between pH
and OM may indicate that OM retains exchangeable bases
that possibly increase soil pH.

Table 6. Mean values of micronutrient concentration of sorghum tissue in Daro Labu district.

. Mg kg'!
Kebele/site Fe Mn Cu Zn B
Milkaye 65.6+2.88 35.82+1.49 3.51£1.75 14.64+3.17 3.07+1.48
Gudis 83.47+£11.79 27.36+4.80 1.52+0.27 14.64+0.45 0.90+1.10
Kotora 98.40+16.34 31.84+6.21 5.03+4.92 16.99+2.97 1.81£1.88
Jilbo 104.53+11.12 27.364+3.11 1.17£0.71 10.98+3.42 0.36+0.18
Total 88.00+18.56 30.60+5.19 2.81+£2.78 14.31£3.26 1.53+1.55
Range 62.40 — 116.80 23.88 — 38.81 0.35-10.53 7.06 —20.39 0.18 —4.69
CV% 21.09 16.96 98.93 22.78 101.31

mean+SD, CV=Coefficient of variation
Correlations between Soil Physico chemical Properties

OM had strong significant (P < 0.01) positive relationships
with hot water soluble B, Cu, Mn and clay. Available P and
OM contents of the soils had significant (P < 0.05) positive
relationships with each other and strongly negatively
associated with sand. The positive relationship between

available P and OM may indicate the contribution of OM
contents to retain loss of available P through soil erosion.
Therefore, in the management of available P of soils it may
be essential to maintain and increase the level of soil OM.

Table 7. Pearson's correlation matrix among soil physico chemical properties of the study area.

BD PD TP Sand clay pH OM TN AvP CEC
BD 1 928" =753 822" -871" -.980" =778 -.669" -.621° -814"
PD 1 -454 956" -.934" -941™ -.928" -.481 - 729" -.827"
TP 1 =276 432 683" 221 753" .190 495
Sand 1 -.946" -.869" -921" =275 -733" 798"
clay 1 885" 815™ 326 773" 817"
pH 1 829" .595" 637" 859"
oM 1 367 682" 750"
TN 1 128 448
AvP 1 .534
CEC 1

Table 7. Continued.
Ca Mg K Na Fe Mn Cu Zn B

BD -815™ =715 749" =724 460 -778" 720" -474 =737
PD -.833" -.808™ 796" 728" 474 -930™ -.847" -.654" -.876"
TP 487 289 391 449 -259 218 217 -.019 215
Sand -.800™ -792" -.823" -.661" 581" -912™ -.806" -.668" -.887"
clay .800™ 708" .770™ 640 -.542 830" 758" .600 767"
pH 847" 770 818" 762" -.568 799" 700" 440 794™
oM 778" .828" .805™ 748" -.489 980" .840™ 649" 952"
TN .524 423 410 513 -172 411 376 .038 429
AvP 515 592" 434 521 -480 696" 673" 327 629"
CEC 984" 874" 913" .809" -.686" 736" 441 415 738"
Ca 1 .895" 932" 827" -.685" 782" 479 447 789"

Mg 1 .828" 753" -.669" 8317 495 364 858"

K 1 864" =773 777" 515 474 785"

Na 1 -.669 726" 547 357 645"

Fe 1 -436 -.162 .039 -.548

Mn 1 866" 689" 938"

Cu 1 730 734

Zn 1 516

B

*, *#% Correlation is significant at p<0.05 and 0.01, respectively

Simple linear correlation analysis also showed that CEC of
the soils of the study area showed highly significant (P < 0.01)
positive relationships with clay, OM and exchangeable bases

and highly significant (P < 0.01) negative relationships with
sand and BD. The relationship between CEC and clay
implies that clay is a major contributor for the soil CEC. CEC
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had also significant (P < 0.05) and positive relationships with
total N. In addition, all exchangeable cations had strong
significant (P < 0.01) positive relationships with each other
(Table 7). The extractable Mn content of the soils had strong
significant (P < 0.01) positive relationships with Cu and B
and significant positive interaction (P < 0.05) with Zn.
Similarly, extractable Cu content of the soils had strong
significant (P < 0.01) positive relationships with Zn and B.
Extractable Mn, Cu and B had strong significant (P < 0.01)
positive relationships with OM and clay fraction and
extractable Zn had significant interaction (P < 0.05) with OM
and clay fraction of soil (Table 7).

3.4. Soil and Sorghum Tissue Micronutrient Relationships

Correlation analysis result between plant and soil
micronutrients reveals that the only significant and positive
correlation was observed for Fe. Thus, there was significantly
(p<0.05) positive correlation (r=0.676") for Fe in soil and
sorghum tissue. However, sorghum tissue B, Mn, Cu and Zn
didn’t show significant correlation with their respective soil
nutrients. The presence of non significant correlation
indicates that the uptake of micro nutrients not only affected
by soil nutrient contents, but might be affected by pH, texture,
OM, CEC and other nutrient interaction (Table 8).

Sorghum Fe uptake was negatively (r=-0.670) significant
(p<0.05) correlation to soil reaction. However, the
concentration of B, Mn, Cu and Zn in sorghum tissue were
positively (r=0.663, r=0.671, =470 and r=0.396 respectively)
correlated to soil pH. On the other hand all micronutrient
concentration except Fe in sorghum tissues has positive

correlation with OM, CEC and clay fraction of soil. However,
concentration of Fe in sorghum tissue was negatively
correlated to OM, CEC and clay fraction (Table 8). The
effects of these soil factors on Fe content of sorghum tissues
are correlated in a lesser magnitude. This might be partly due
to Fe concentration in plant is insensitive to the soil factors.
In line with this, FAO [31] reported that Fe concentration in a
plant less affected by soil factors, however the effects of soil
factors (pH, OM, texture and CEC) on plant micronutrients
except Fe are similar in magnitude and direction. In addition,
the oxidation-reduction conditions of soils are important in
determining the behavior of Fe in soils and its availability to
plants.

Antagonistic effects were observed among soil and
sorghum tissue micronutrient contents. B concentration in
sorghum tissues was negatively correlated with Fe (r=-0.361)
and Zn (r=-0.383) contents of soil. Fe uptake of sorghum had
negative correlation with B (r=-0.397), Mn (r=-0.257 and Cu
(r=-0.073) content of soil. Data regarding Mn uptake of
sorghum indicated negative interaction with soil Fe (1=-0.336)
and Zn (r=-0.436) contents. Furthermore, negative
correlation of Zn uptake of sorghum with soil Fe (r=-0.281)
was recorded (Table 8). Zn content of soil reduced B
accumulation in plant tissue and toxicity on plants grown in
soils containing adequate B [52; 64]. Iron uptake is reported
to be decreased with the presence of Cu and Mn in the
growth medium [33]. Aref [10] also reported antagonism
between Zn in the soil and leaf Mn content. The uptake of
Mn has been reported to be inhibited by Zn in a soil [28].

Table 8. Pearson correlation matrix for relationship between soil and sorghum micronutrients in Daro Labu district.

pH OM Sand clay CEC BS FeS MnS CuS ZnS BSr FeSr MnSr CuSr  ZnSr
pH 1 829" -869" 885" 859" 794"  -568 799" 700 -247 6637 -670° 6717 470 396
OM 1 -921™ 815 750" 952  -489 980  .840™  .118 311 -344 303 279 587"
Sand 1 -946™  -798™  -8877 581" -912" -806™ -.052  -395 .504 -436 -273  -618"
Clay 1 8177 7677 -542 8307 758" -056 533 -.508 5817 342 451
CEC 1 738" -686° 736" 441 -416 554 715 460 259 133
BS 1 -548 938" 734™  -040 243 -397 344 240 469
FeS 1 -436 -.162 .540 -361  .676" -336  .090 -281
Mn$S 1 866" 154 298  -257 298 332 .544
CuS 1 449 253 -.073 272 499 713"
ZnS 1 -383 588" -436  .030 .562
BSr 1 -.538 863" .081 .024
FeSr 1 -517  -172 -.095
MnSr 1 .140 016
CuSr 1 134
ZnSr 1

*, *% Correlation is significant at p<0.05 and 0.01, respectively, S=soil, Sr=sorghum

4. Summary and Conclusion

Updated information on soil fertility status is important for
soil management intervention and subsequently increases
crop yields. However, until recently, adequate information on
soil fertility status and the relation of micronutrients in soil
and sorghum tissue was lacking in Daro Labu district, West
Hararghe Zone of Eastern Ethiopia. Hence this study was
conducted to assess soil fertility status of sorghum fields and

micronutrient status of sorghum tissues and examine the
relationship between soil and sorghum tissue test
micronutrient status in the study area.

A preliminary field survey was conducted to asses soil
fertility management practices (type and amount of fertilizers
used), crops grown during previous year and record the
spatial data and slope gradient. Four kebeles were selected
from the districts based on their potential on sorghum
production. Twelve soil samples from 0-20 cm and twelve
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sorghum tissues at flowering/heading stage were collected
from the districts in a circle method.

The soil textural classes of the study area were sandy clay
loam and sandy loam. Regarding particle size distribution,
sand size fraction followed by clay fraction dominated the
study area. Soil bulk density was found to be within the range
that is acceptable for the registered textural classes. On the
other hand, soil total porosity of the study area was high
status which indicates that the soils are porous enough for
water movement and good aeration.

Soil reaction (pH) was slightly acidic to neutral in which the
ranges are considered as optimum for production of many crops
and availability and solubility of plant nutrients. The soil OM
and TN content of the study area were very poor. The status of
available P is better in most of the soils of the study area.

The soil of the study area was medium to high categories
in their CEC. Accordingly, the soils were at normal condition
in their exchangeable bases (Ca, Mg, K and Na) except for at
Jilbo and Kotora site which was low, showed K deficiency.

The DTPA extractable Fe and Mn content of soils were
high. Therefore, the soil had adequate levels of extractable Fe
and Mn. On the other hand, extractable Cu and B were
categorized as low and hence showed deficiency of those
micronutrients. Furthermore, the extractable Zn content of
varied from very low to medium.

Similar to soil analysis, the concentrations of Fe and Mn in
sorghum tissues were found to be within a sufficiency range.
In line with this, the soil of the study areas had adequate
levels of extractable Fe and Mn. However, the deficiency of
Cu, B and Zn was observed in sorghum tissues.

The study indicated that, the uptake of micronutrients is
affected by soil pH, OM, soil texture, CEC and antagonism
(nutrient imbalance) effect of soil micronutrients.
Accordingly, Fe uptake of sorghum was negatively affected
by several physical and chemical soil properties. Antagonism
effect of boron, manganese and copper was observed on Fe
uptake of sorghum. The B and Mn uptake of sorghum was
negatively affected by high percentage of sand and due to
antagonistic effect of soil Fe and Zn. Sand fraction of soil
also negatively affect the Cu and Zn uptake of sorghum. In
contrast, the micronutrient concentration in sorghum tissue
was positively correlated with soil OM, clay fraction and
CEC except Fe concentration in sorghum tissues which was
showed negative association with them.

In conclusion, the soils of the study area are desirable in
physical soil properties and exchangeable bases except K in
some areas as well as adequate level of extractable Fe and
Mn content. However, poor chemical properties and
deficiency of some extractable micronutrients are identified.
Specifically, the soils have problems related to OM, TN, P, K,
extractable Cu, Zn and B. With regards to plant tissue
analysis result, sorghum had adequate level of Fe and Mn
concentration in their tissues while, Cu, Zn and B
concentration is deficient. Hence, application of organic
materials (compost, vermicompost, FYM, crop residue
management) and balanced minerals fertilizers containing K,
Cu, Zn and B could be recommended. Moreover, further

studies on application rates of those fertilizers by considering
soil type and crop variety are suggested.
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