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Soil Resource Survey Research
Soil Fertility Assessment and Mapping of Bedele District of Buno Bedele Zone,
Southwest Oromia, Ethiopia
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Abstract

Soil fertility atlas shows plant nutrient status at required scale and is useful for decision making in
fertilizer advisory services for farmers. The objectives of this study were to assess the fertility status of the
soils and mapping of the study area. A total of 132 soil samples were collected across Bedele District at
1.5 km grid interval from a depth of 0-20 cm. Soil texture, soil organic carbon (SOC), soil reaction (pH),
electrical conductivity (EC), exchangeable acidity (EA), available phosphorus (P), exchangeable bases
and cation excheange capacity (CEC) were analyzed following standard laboratory methods at Bedele
Soil Research Center laboratory. In order to predict values for not sampled locations the Ordinary
Kriging interpolation was used by ArcGIS10.2 software. Clayey textural soils constitute 48.5% of the
total soil samples of the District. Soil organic carbon (SOC) range was from 0.3-5.6% indicating 73% of
the soil samples collected from the district were low (<4%), while the rest were in medium range. Soil
reaction (pH) ranged from 4.5-6.8 in which 69% of the soils were under strongly acidic (pH < 5.5).
Available phosphorus ranged from 0.8-38.6ppm whereas nearly 88% of the analyzed samples value was
under low category (<10ppm). Exchangeable potassium was from sufficient to very high range, while
values of most exchangeable calcium and magnesium were under deficient range. To address these
nutrient deficiencies, fertilizers containing P and agricultural lime materials were suggested for optimum
crop production in the study area. Setting site-specific critical levels for each of these deficient nutrients
and surveillance of each nutrient status to prevent toxicity are recommended to obtain optimum crop
yield in the study area. Further integrated soil fertility management (ISFM) intervention technologies will
be needed for sustainable soil resource management practices for food and nutrition security of the study
area. Generally, the soil fertility map developed for pH, OC, available P, CEC, Ca, Mg, K, and Na
clearly indicates areas of the district where these attributes optimum and not optimum for crop
production.

Keywords: Soil fertility mapping, Ordinary Kriging, ArcGIS and lime materials
Introduction

In any agricultural operations, soil is the utmost importance as it is the cradle for all crops and plants. This
natural resource is finite in nature and also impossible for within time span of a human life (Mandal et al.,
2009). The top soil having an average depth of about 15-30 cm on which plants to grow and the farming
activities flourishes, now-a-days; it is facing serious problems due to human pressure and utilization
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incompatible with its capacity. Hence, it is important to keep healthy and productive soil to continue our
soil to function optimally to increase agriculture production with appropriate soil amendment and crop
management practices (Maccarthy et al., 2013). In rural areas, the living standards of people mainly
depend on agriculture, which is often determined by the fertility and productivity of soil.

Most of sub-Saharan Africa (SSA) soils are naturally less fertile than soils of North America, Europe, and
Asia. They are typically low in available nitrogen (N), CEC, soil organic matter (SOM) and commonly
deficient in phosphorus (P), sulphur (S) and magnesium (Mg) (John et al., 1995). Soil fertility is one of
the primary constraints to agricultural production particularly in densely populated and countries
characterized by hilly and Rift Valley areas such as Ethiopia, Kenya, Rwanda and Malawi (Roy et al.,
2003; Bationo et al., 2006). The problem comprises not only in supply of nutrient, but also indicates their
nutrient supplying capability; moreover fertility of soil is subject to man’s control (Deshmukh, 2012).
Ethiopia has potentially rich land resources but agricultural productivity has been below optimum vyield
mainly due to a range of factors including soil erosion, acidity and nutrient depletion, lack of soil fertility
replenishment, nutrient mining and lack of balanced fertilization (Tesfahunegn, et al., 2011; Wondwosen
et al., 2011).Therefore, soil fertility constraints to crop production in region are recognized as the major
impediments to food security (Chillot and Hassan, 2010).

The proper rates of plant nutrients can be determined by knowledge about the nutrient requirement of the
crop and supplying power of the soil (Tilahun, 2007). However, Ethiopian farmers used to apply only
chemical fertilizers di-ammonium phosphate (DAP) and urea to increase crop yields for about five
decades and this did not consider soil fertility status and crop requirement. For instance, in southern
Ethiopia, farmers apply 100/50 kgha™ DAP/Urea for maize irrespective of the heterogeneity of the farm
areas. In contrast to this, Flowe et al.; 2005: Santr et al.,; 2008: Tegbaru, 2014; Fanuel, 2015; & Okubay,
et al., 2015 reported that agricultural fields are not homogenous and soil macro nutrient status is highly
variable.

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
powerful set of tools for collecting, storing, retrieving, transforming and displaying spatial data
(Burrough, 1998).GIS can be used in producing 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 recommendation. These technologies allow mapping fields accurately 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 soil properties (Burroughet al., 2010;
Liuet al., 2013; and Wang et al., 2009). Thus, information on spatial variability of soil nutrients is
important for sustainable management of soil fertility. Among many Geo-statistical methods, ordinary
krining is widely used to map spatial variation of soil fertility. According to Ismaili et al., (2014), 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 (Song, 2013).

Soil testing provides information regarding nutrient availability in soils which forms the basis for the
fertilizer recommendations for optimizing crop yields. Soil fertility maps are meant for highlighting the
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nutrient needs, based on fertility status of soils and adverse soil conditions which need improvement to
realize good crop yields (Verma, 2005). Knowledge about an up-to-date status of soil macronutrients 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 specifically
for study area. Therefore, as part of the institutional initiative, this study was conducted with specific
objectives to identify, classify and mapping soil nutrient status of the study area and to avail information
on fertilizer and lime application of the study area.

Materials and Methods
Description of the study areas

Bedele district is one of the 9 districts of the Buno Bedele zone of the Oromia regional state, situated in
south western Ethiopia. The district is located between 8°14'30"N to 8°37'53"N latitude and 36°13'17"E to
36°35'05"E longitude. The district is characterized by different agro-climatic zone which ranges from
1013 to 2390 masl. It covers a total area of 770.75km? and constitutes a total of 41 Peasant Associations
(PA) (Figure 1).The physical features of the study area is characterized by a rugged topography
dominated by gentle slopes and localized steep slopes, ranging from 2% - 45%.
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Figure 1. Map of the study area
Climatic condition

The records of twenty years (1997-2016) climatic data showed that the study area receives a unimodal
type of rainfall pattern, with the highest rain occurring between May and September. The mean annual
precipitation was 1944.9mm; with a large inter annual variability. The mean annual minimum and
maximum temperature of the study area is 12.9°C and 25.8°C, respectively. The hottest months occur
from November to April (maximum 27.5°C) while the coldest months occur from November to January
(minimum 10.9°C) (Figure 1).
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Figure 2. Climatic data of the study area
Source: National Meteorological Agency, Bedele District Branch
Topography and soil

Bedele district is characterized by three major landscapes. The plateau plains, which are moderately
elevated, moderately dissected hills and side slopes with great range of elevation and further low land
plains (Dhidhessa Valley) up to the minimum elevation of low plain. Different landscape features in the
study area is exist with the variation of the altitude. The existence of different landscapes features and
altitudinal range demonstrates different land form category and soils types accordingly. The predominant
soils type in the plateau and moderately dissected hills and side slopes area are Dystric Nitisols and
Letosols on the steep slope. In the lowland plains of Dhidhessa Valley Pellic Vertisols is the dominant
soil type (FAO, 1998).

Farming system

The agricultural activities carried out in the area include both crop production and animal husbandry, in
which the latter plays an equally important role. The farming system in the area is therefore, denoted by
close interdependence & integration of crop cultivation and animal husbandry (animals used for traction,
meat and milk), where the production and productivity of one is not separated from the other. The agro-
ecology in the district is best suited in agro-climatic condition of warm sub-humid lowlands that is
conducive for diverse agricultural production. The main farming system of the district is Maize (Zea
maize) dominated crop livestock mixed farming system, while wheat (Triticum aestivum), sorghum
(Sorghum bicolor), finger millet (Eleusine coracana), coffee (Coffee arabica L.) and teff (Eragrotis
abyssinica) are also cultivated in sizeable quantities in medium to high altitude areas. Pulse crops,
especially faba bean (Vicia faba) and Field peas (Cicer arieinum), are also grown in selected areas.
Horticultural crops, mainly vegetables, are produced in home garden. Livestock production is an integral
part of the production system. Production of cattle, donkey, sheep, goat and poultry is a very common
practice in the study area (BDAO, 2018).



Land use/cover

The dominant land use type in Bedele district is cropland which covers 48.6% while forest land,
pasture/grazing land and others account for 7.9%, 1.9% and 41.6% of the total land area respectively. The
land cover is dominated by scattered trees and shrubs which are found around settlements, in farmlands,
and coffee, shrubs, trees and grasses in the closure areas. Important forest lands include the government-
protected forest areas such as Beli, Abalo, Cebeli, Gema and Yabala community forests (BDAO, 2018).

Site selection and soil sample collection

The tentative sampling points were distributed at 1.5 km grid intervals throughout the district by the use
of ArcGIS version 10.1 and the area of interest for soil sampling was prepared to establish the pre-defined
sampling points (Figure2). The region of interest for soil sampling location was prepared by stratifying
the non- agricultural land from the country’s land use/land cover map by using a Google Earth map
displayed. The context of this research, agricultural land includes land covers such as low land shrub, low
land open woodland, grassland, fallow land and principally currently cultivated land was identified. The
tentative sampling points that fall out of agricultural land were excluded and the predefined sampling
points that fall on agricultural land were surveyed.

Surface (0-20cm) soil samples were collected during the off season of 2015/16 using systematic sampling
technique. During sampling, the predefined sampling points were navigated by using Garmin GPS_78
and letting the GPS average the location for 3-5 minutes to increase accuracy. At the plot level, basic site
characteristics were described and recorded on the standard description sheet provided for each sampling
plot. After locating the center of sampling point by GPS, soil samples were collected from 15-20 subplots
by using auger to the depth of 20 cm and mixed to make a composite sample. The sub-samples taken from
each subplot were pooled into one bucket and thoroughly mixed and homogenized after which a
representative sample of approximately 1.0 kg was taken and placed in a properly labeled sample bag to
represent one composite sample and transported to the laboratory properly (Bedele Soil Research Center,
soil Laboratory). A total of 132 composite soil samples were collected from agricultural land of the entire
district (Figure 3).
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Figure 3. Sampling locations of Bedele District
Soil sample preparation and soil laboratory analysis

Soil samples preparation and analysis was conducted at Bedele Soil Research Center, Soil laboratory. The
samples were air dried and crushed using mortar and pestle and sieved through a 2mm mesh sieve size.
Organic Carbon was determined using the wet oxidation method (Walkley and Black, 1934). Available
Phosphorus was extracted by Olsen method (Olsen et al., 1954). The pH was measured potentiometrically
using a digital pH-meter in the supernatant suspension of 1:2.5 soils to water ratio. electrical conductivity,
exchangeable acidity, Exchangeable Basic Cation (Ca?", Mg?*, K*, and Na*,) was analyzed using atomic
absorption spectrophotometer following an ammonium acetate extraction method and measured by using
flame photometer (Rowell, 1994). Similarly, CEC was measured after leaching the NH4sOAc extracted
soil samples with 10% NaCl solution and particle size was analyzed by the hydrometer method.

Soil fertility mapping

Based on soil analysis results, soil fertility indices were generated and ratings made (FAO, 2006).
Accordingly, the soils were classified into different fertility categories, i.e., very low, low, medium, high
and very high on the basis of the content of each selected soil parameters. Fertility maps of the study area
for required soil parameters were developed through ArcGIS 10.1 software by using ordinary Kriging
method. For each fertility class, different symbol, colors, and patterns were selected from symbol selector
of ArcMap. Finally, the fertility status of the land units was mapped by using the respective legend
symbols.



Results and Discussion
Soil particle size distribution

The soil textural class of the district constituted more of clay particles than sand and silt (Table 1 and
Figure 4). Six different textural classes were identified in the study area, namely: clay, clay loam, sandy
clay, sandy clay loam, sandy loam and sandy textural classes which accounted about 48.5, 22.0, 10.6,
15.2, 2.3 and 1.5% of the total collected samples, respectively.

The maximum clay, silt and sand of samples collected from Bedele district were 72, 34 and 68%
respectively whereas the minimum values were 14, 8, and 10% respectively (Table 1). Soils with high
clay content have sufficient particle-to-particle contact points to form strong bonds when the soil dries
which can lead to the formation of a strong crust (FAO, 2006). According to Buol et al. (2003), high clay
content is an indication of complete alteration of weatherable minerals into secondary clays and oxides.
Similarly, frequent cultivation might have enhanced weathering of primary particles and contributed for
the high clay fraction. On the other hand, the contents of sand in the soils were very low compared to clay
and silt separates.

Table 1. Particle size distribution of soils in Bedele District

Particle size range (%)

Texture Observations (No.) Minimum Maximum
Clay 132 14 72
Silt 132 8 34
Sand 132 10 68
Soil textural classes and its extent in percentage (%) of soil total sample collected
60 -
. M Percentage
£ 50
B
£ 40 -
&~ 30
20 -
m B
0 & 2
Clay Clay loam Sandy clay  Sandy clay loam Sandy loam Sandy

Figure 4. Soil textural class categories and its extent in percentage of total samples collected across
Bedele District



Soil reaction, exchangeable acidity and electrical conductivity

The results revealed that the soil reaction, pH (H-0) of the surface soil of the district ranged from 4.5 to
6.8 (Table 2). Based on acidity class established by FAO (2006) the soils acidity of the study area ranged
from very strongly acidic to slightly acidic. The minimum value of soil pH was observed in the higher
altitude of the study area which was intensively cultivated, while the maximum value was observed in the
lower altitude. Accordingly, very strongly acidic, strongly acidic, moderately acidic and slight acidic soils
were accounted for about 4%, 52%, 33% and 11% of the total area of the Bedele district (Figure 5 and
Figure 6).
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Figure 5. Map showing surface soil pH classes and status of Bedele District

Considering the optimum pH for many plant species to be 5.5 to 6.8 (Amacher et al., 2007)and absence of
free exchangeable Al in this range, only about 31% of the pH of the soils in study area could be
considered as suitable for most crop production (Figure 6) whereas according to critical levels adopted by
EthioSIS and Tekalign (1991) at pH (1:2.5) 69% of the soils of the study area fall under strongly acidic
(pH < 5.5), where the solubility of essential nutrients needed for plant grow this reduced. This could be
due to high rainfall received by the area that caused leaching of bases and clay particles. Moreover, the
acidic nature with low soil pH might be obtained from the entire district may be attributed to the fact that,
soils were derived from weathering of acidic igneous granites and leaching of basic cations such as K, Ca
and Mg from the surface soil (Frossard et al., 2000).

As a result this condition also usually lead to Al and Mn toxicity plus deficiency in N, P, K, Mg, Ca and
various micronutrients. This has multiple implications for plant growth and other soil fertility issues
including reduced response to ammonium phosphate and urea fertilizers, stunted root and plant growth
due to nutrient deficiency (yields frequently reduced), increased incidence of disease, and toxicity (e.g.
for Mn: black spots and streaks on leaves).



Table 2. Soil reaction (pH), electrical conductivity (EC), exchangeable acidity, organic carbon (OC) and
available phosphorus of soils in Bedele District

Range
Soil property Observations (No.)  Minimum  Maximum
pH (H20) 132 4.5 6.8
EC(dS/m) 132 0.0 0.2
EA (cmolckg™) 132 0.1 5.1
OC (%) 132 0.3 5.6
Av. P (ppm) 132 0.8 38.6

E Percentage

60

40

30

Proportion (%)

20

10
4

V. Strongly Acidic (<4.5) Strongly Acidic (4.5-5.2) Moderately Acidic (5.3-5.9) Slightly Acidic (6.0-6.6)

Soil Reaction (pH) Categories

Figure 6. Proportions of pH ratings of soil samples collected from Bedele District.

The exchangeable acidity (Al + H), on the other hand, varied from 0.1 to 5.1 cmolc kg™ for soils with pH
values < 5.5 and the mean value was 1.0 cmolc kg™ of soil. Whereas, electrical conductivity (EC) values
of the study area varied from 0.0-0.2 dS m™ and in accordance with the EC rating suggested by Scianna et
al. (2007), the soils of the study area were non-saline (Table 2). Similarly, according to definition set by
U.S. Salinity Laboratory Staff (1954) none of the samples were saline and the values were even lower
than the suggested cut of point, 4 dS m™. This is due to rainfall that significantly exceeds evapo-
transpiration and results in leaching of soluble ions and prevents accumulation of salt.
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Figure 7. Map of exchangeable acidity of soil samples collected from Bedele District

Soil organic carbon

The organic carbon (OC) content of the soil ranged from 0.3 to 5.6% (Table 2). Based on the rating set by
Landon (2014), 59% of the soil samples collected from the district were revealed that low (2-4%), 14%
were very low (<2%) and the rest 27 % showed that medium (4-10%) in their OC content (Figure 8).This
might be due to complete removal of aboveground biomass (for energy, animal feed, construction) and
limitedcrop rotation practice. Besides, the low to medium content of soil OC is also attributed because of

the warmer climate, which enhances rapid rate of mineralization (Abayneh, 2005).
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Figure 8. Map showing OC classes and coverage of Bedele district

Available phosphorus

The maximum and minimum values of available P were 38.6 and 0.8 mg kg™, respectively (Table 2).
According to the critical level set by FAO, (2006), from the total samples collected and predicted area,
nearly 88% of available phosphorus values falls under very low category and the rest exhibited in medium
range (Figure 9). But according to the critical level set recently by EthioSIS (Karltun et al., 2013) from




the total samples collected and predicted area, nearly about 92% of available phosphorus values falls
under very low category (0-15) and the rest exhibit to low and medium (Figure 9).

Generally, the available P status of the soils in the study area was very low, and is among the factors that
are highly limiting the productivity of the soils. In agreement with this observation, many researchers
including Harrison, (1987); Warren, (1992) and Buehler et al., (2002) have also reported that soil P
deficiency is a wide spread phenomenon and it is believed to be the second most important soil fertility
problem throughout the world next to N and often the first limiting element in acid tropical soils.
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Figure 9. Map showing available P class and status

However, the lower available P in soils of the district may be due to lower SOM status. Most plant
nutrients are fixed when the soil pH is less than 5.5. In addition, iron and aluminum ions dominate the
exchange sites and become active to react with phosphorus and make it insoluble (Mesfin, 2007). On the
other hand most plant nutrients are optimally available at pH value greater than 5.5 and less than 7.5
which is also compatible to plant root growth (Tisdale et al., 2003). Result of this study is consistent with
that of Achalu et al. (2012) who observed that variations in available P contents in soils are related with
the intensity of soil disturbance, the degree of P- fixation with Fe and Al ions. Similarly, Tekalign and
Haque (1987) and Dawit et al. (2002) reported SOM as the main source of available P and the availability
of P in most soils of Ethiopia decline by the impacts of fixation, abundant crop harvest and erosion.

Exchangeable bases

Generally, the maximum value of total exchangeable bases (K, Na, Mg and Ca) was 6.5cmolckg™ and the
minimum value was 1.3cmolckg™ (Figure 10 and Table 3). Potassium is an important plant nutrient and a
great deal of study has been made of the amounts believed necessary for adequate plant growth. The
maximum and minimum values of exchangeable K were 4.5 and 0.3cmolckg™ respectively, an
exchangeable calcium value of greater than 5cmol. kg™ soil is considered to be adequate for the nutrition
of most crops. The maximum and minimum values of Exchangeable Ca were 3.2 and 0.3cmolckg™
respectively. Exchangeable magnesium which is greater than 1cmolckg™ soil is believed to be adequate
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for plant nutrition (Metson, 1961). The amount of exchangeable magnesium reported for the soils of the
study area varied from 0.2 to 2.2 cmol. kg™ soils.

Although sodium (Na) may, in particular circumstances, be utilized by some plants as a partial substitute
for K, it is not an essential plant nutrient. Its absence, or presence in very small quantities, is therefore not
usually detrimental to plants but if it is high in proportion to other cations it will have an adverse effect
not only on crops but also on physical condition of the soil. Accordingly, the value of the measured
exchangeable Na falls in the range of 0.0 to 1.5 cmolckg™ of soil, indicating lower Na content of the soil
and have no any adverse effect on growth of crops and physical properties of soil (Table 3). Based on the
ratings set by (FAO, 2006) 9, 27 and 64% of the total area were medium, high and very high in
exchangeable K content respectively (Figure 19 and Table 3). According to Hazelton and Murphy (2007),
the mean soil exchangeable potassium is rated as moderate to very high. Even though the highest value of
exchangeable K were medium, there could be an increasing loss of all exchangeable cations in the study
area due to continuous removal by crops without replenishment and vertical movement or leaching.

However, Manbir et al., (2015) reported that, soil test K alone may not be adequate to predict K response.
Plants produce higher yields at a certain Ca: Mg ratio and K: Mg ratio on acidic soils which are 10:1 and
0.7:1, respectively (Loide, 2004). Noting that, for potash fertilizer application, K: Mg ratio of 0.7:1 was
used as a critical point, since the amount of K was low compared to Mg in many areas, especially in the
study area was accounted about ranged from 0.2:1 to 10.9:1 (Table 3), which indicated magnesium
induced K deficiency using the rating of Loide (2004).This can be corrected by potassium fertilizer
application to bring the potassium to magnesium ratio closer to 0.7:1.

Table 3. Exchangeable bases (CEC), PSP, ESP, SAR, Ca: Mg ratio and K: Mg ratio of Bedele District

Soil chemical property (n =132)

Exchangeable bases (cmol.kg™) PBS ‘ ESP |SAR | CEC Ca:Mg | K:Mg
Range |'Na® | K® |Ca” |Mg~ |TEB | (%) Ratio | (cmolckg™) | Ratio | Ratio
Min. 0.0 0.3 0.3 0.2 1.3 9.7 0.0 0.0 2.6 0.3 0.2
Max. 15 4.5 3.2 2.2 6.5 516 |304 |10 35.3 3.4 10.9

Where, Min = minimum, max = maximum
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Figure 10. Exchangeable bases (K, Na, Mg and Ca) of Bedele District

From total soil samples collected from the district about 10% and 90% were low, and very low,
respectively in exchangeable Ca content, which was ranged from 0.3-3.2cmolckg™ (Figure 10 and Table
3). According to sated standard by Hazelton and Murphy (2007), analyzed value of exchangeable calcium
is categorized or rated from low to very low. This might be attributed to removal of this exchangeable
basic cation by erosion and leaching from higher topography and their subsequent accumulation in the
lower elevations. This indicates that more calcium is required as production input and the response to
calcium application in form of fertilizer more likely increase productivity.

The analytical values of exchangeable bases indicated that exchangeable Ca and K were dominant cations
in the exchange complex (Table 3). Total exchangeable bases of soil samples collected from Bedele
district ranged from 1.3 to 6.5cmol:Kg™. The minimum, maximum and mean of the total exchangeable
bases (TEB) of the district was 1.3, 6.5 and 3.6cmolc Kg™, respectively. Eckert, (1987) also suggested
that Ca: Mg ratio is an index appropriate to indicate the level of calcium and magnesium from crop
nutrition point of view. According to authors of Eckert (1987), the total soil samples collected from the
district, the minimum and maximum values of Ca: Mg ratios were 0.3 and 3.4, respectively.

Cation exchange capacity and base saturation

The maximum value of CEC was recorded at small part of Dhidhessa valley plain at the east margin of
the study area (Figure 10). This could be due to high accumulation of clays and organic matter at that
location (Figure 7). In addition, most areas of the district contained CEC value at medium level for crop

13



production. The cation exchange capacity (CEC) of the soils ranged from 2.6-35.3cmolckg™ (Figure 11
and Table 3).

As per rating set by FAO (2006), the CEC value of the district can be classified as 63, 30, 4, and 3% was
fallen in the range of moderate, low, high and very low, respectively (Figure 12). This result indicates that
the CEC values of the district were ranged from very low to high. The relatively medium CEC values
recorded may be attributed to the fact that soils with medium accumulation percent OC. Soils with low
CEC are more likely to develop deficiencies
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Figure 11. CEC classes and its status in soils collected from Bedele District

in potassium (K*), magnesium (Mg?") and other cations which were susceptible to leaching while high
CEC soils are less susceptible to leaching of these cations (CUCE, 2007). Generally, the soils of the study
area had moderate nutrient retention and buffering capacity due to medium status of CEC. The minimum
and maximum values of percent base saturation (PBS) of the district were 9.7 and 51.5% respectively.
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Figure 12. PBS classes and its status in soils collected from Bedele District

According to the rating set by FAO (2006), out of the total collected composite soil samples percent base
saturation (PBS) of 39, 56, and 5% were in the range of very low, low, and moderate, respectively (Figure
12). These indicate that 95% of soils samples collected from the district was below the threshold levels.
According to FAO (2006), soils having greater than 50% PBS are rated as fertile and potentially
productive soils.

Conclusion and Recommendations

Soil fertility map shows plant nutrient status and is useful for decision making for professionals and
farmers on fertilizer type and rate, and agricultural liming materials. According to the results of this soil
assessment, some required soil chemical, physical, and biological properties were varied extensively
within the fields in the study area. Accordingly about 69% of the study area was strongly acidic (pH <
5.5), about 73% of the district cultivated areas were low in soil organic carbon (<4%), nearly 88% of
available phosphorus was below critical range (<10ppm). Calcium status of all soil samples was low
ranging from 0.3-3.2cmolckg™. Finally, based on the findings of this study, the following recommendation
is forwarded for decision makers, researchers and stakeholders that this soil map can be used as important
information source for soil fertility status in the district. Since agricultural land of the district is affected
by depletion of organic matter and plant nutrients, integrated soil fertility management should be a
priority focus for researchers, agricultural experts, development agents and other relevant stakeholders.
Further correlation and calibration of soil test data with crop response is recommended for soil test crop
response based fertilizer recommendation with appropriate fertilizer types and rates.
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Abstract

Soil fertility assessment mapping shows plant nutrient status at required scale and is useful for decision
making in fertilizer advisory services for farmers and policy makers. The objective of this study was to
assess and map soil fertility status of the study area. A total of 109 soil samples were collected from
different locations in Chora District at 1.5 km grid interval from a depth of 0-20 cm from cultivated
lands. Soil texture, soil orcanic carbon (SOC), soil reaction (pH), electrical conductivity (EC),
exchangeable acidity (EA), available P, exchangeable bases and cation exchange capacity (CEC) were
analyzed by standard laboratory methods at Bedele Soil Research Center laboratory. To predict values
for not sampled locations the Ordinary Kriging interpolation was used by ArcGIS10.2 software. Clay
soils constitute more than 86% of the total soil samples of the District. Soil reaction (pH) ranged from
4.3-6.0, i.e., 90% of the soils of the study area were under strongly acidic conditions (pH < 5.5). Soil
organic carbon (SOC) ranged from 1.8-5.4%; 87% of the soil samples collected from the district was low
(<4%), while the rest showed medium range. Available phosphorus was ranged from 0.5-11.5ppm?. The
predicted available phosphorus of the study area which was almost all soil samples collected revealed
below required range (<10ppm). Exchangeable potassium and magnesium were ranged from sufficient to
very high contents, while exchangeable calcium was mostly revealed difficient (88%) in the study area.
To manage these deficient nutrients fertilizers containing P and agricultural lime materials are suggested
for increasing crop production in the study area. Site-specific critical levels for each of these deficient
nutrients and surveillance of each nutrient status to prevent toxicity are recommended to obtain optimum
crop yield in the study area. Further integrated soil fertility management (ISFM) intervention
technologies will be needed for sustainable soil resource management practices for food and nutrition
security of the study area.

Keywords: Soil fertility mapping, Ordinary Kriging, ArcGIS

Introduction

Most of sub-Saharan Africa (SSA) soils are naturally less fertile than soils of North America, Europe, and
Asia. They are typically low in available nitrogen (N), CEC, soil organic matter (SOM) and commonly
deficient in phosphorus (P), sulphur (S) and magnesium (Mg) (John et al., 1995). Soil fertility is one of
the primary constraints to agricultural production particularly in densely populated and hilly countries of
the Rift Valley areas such as Ethiopia, Kenya, Rwanda and Malawi (Roy et al., 2003; Bationo et al.,
2006). It comprises not only in supply of nutrient, but also indicates their nutrient supplying capability;
moreover fertility of soil is subject to man’s control (Deshmukh, 2012).

Ethiopia has potentially rich land resources but agricultural productivity has been below optimum yield
mainly due to a range of factors including soil erosion, acidity and nutrient depletion, lack of soil fertility
replenishment, nutrient mining and lack of balanced fertilization (Tesfahunegn, et al., 2011; Wondwosen
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et al., 2011). Therefore, soil fertility constraints to crop production in region are recognized as the major
impediments to food security (Chillot and Hassan, 2010). The proper rates of plant nutrients can be
determined by knowledge about the nutrient requirement of the crop and supplying power of the soil
(Tilahun, 2007). However, Ethiopian farmers used to apply only chemical fertilizers di-ammonium
phosphate (DAP) and urea to increase crop yields for about five decades and this did not consider soil
fertility status and crop requirement. For instance, in southern Ethiopia, farmers apply 100/50 kg ha™
DAP/Urea for maize irrespective of the heterogeneity of the farm areas. In contrast to this, Flowe et al.;
2005: Santr et al.; 2008: Tegbaru, 2014; Fanuel, 2015; & Okubay et al., 2015 reported that agricultural
fields are not homogenous and soil macro nutrient status is highly variable.

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
powerful set of tools for collecting, storing, retrieving, transforming and displaying spatial data
(Burrough, 1998). GIS can be used in producing 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 recommendation. These technologies allow mapping fields accurately 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 soil properties (Burrough et al., 2010;
Liuet al., 2013; and Wang et al., 2009). Thus, information on spatial variability of soil nutrients is
important for sustainable management of soil fertility. Among many Geo-statistical methods, ordinary
krining is widely used to map spatial variation of soil fertility. According Ismaili et al., (2014), 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 (Song, 2013).

Soil testing provides information regarding nutrient availability in soils which forms the basis for the
fertilizer recommendations for optimizing crop yields. Soil fertility maps are meant for highlighting the
nutrient needs, based on fertility status of soils and adverse soil conditions which need improvement to
realize good crop yields (Verma, 2005). Knowledge about an up-to-date status of soil macronutrients 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 specifically
for study area. Therefore, as part of the institutional initiative, this study was conducted with specific
objectives to identify, classify and mapping soil nutrient status of the study area and to avail information
on fertilizer application of the study area.

Materials and Methods
Description of the study area

Chora is one of the Districts in the Buno Bedele Zone, Oromia regional state, Southwest Ethiopia. The
district is bordered on the south by Setema, on the west by Yayo and Dorani, on the north by Dega, and
on the east by Bedele. The administrative center of this district is Kumbabe. The district is located 519 km
away from the capital city of the country and 36 km away from Bedele Town in Buno Bedele Zone. The
district is located at an average elevation 2000 masl and located at 8°23'N, 36°07'E. It is generally
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characterized by warm climate with a mean annual maximum temperature of 25.5°C and a mean annual
minimum temperature of 12.5°C. The driest season lasts between December and January, while the
coldest month being December. The annual rainfall ranges from 1440 mm. The soil of the area is

characterized as an old soil called Nitisol (CHDAO, 2018).

e Ethiopian Map Chora District N

S A

Legend
Main Road
Chora District

— — —
o] 5 10 20 30

Oromia Region Map Buno Bedele Zone

Projected Coordinate System: Adindan UTM_ ZAone 3TN
Projection: Transverse Mercator

Figure 1. Map of the study area

Site selection and soil sample collection

The tentative sampling points were distributed at 1.5 km grid intervals throughout the district by the use
of ArcGIS version 10.1 and the area of interest for soil sampling was prepared to establish the pre-defined
sampling points (Figure 2). The region of interest for soil sampling location was prepared by stratifying
the non- agricultural land from the country’s land use/land cover map by using a Google Earth map
displayed. The tentative sampling points that fall out of agricultural land were excluded and the

predefined sampling points that fall on agricultural land were surveyed.

Surface (0-20cm) soil samples were collected during the off season of 2015/ using systematic sampling
technique. During sampling, the predefined sampling points were navigated by using Garmin GPS_78
and letting the GPS average the location for 3-5 minutes to increase accuracy. At the plot level, basic site
characteristics were described and recorded on the standard description sheet provided for each sampling
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Figure 2. Sampling locations of Chora District

After locating the center of sampling point by GPS, soil samples were collected from 15-24 subplots by
using auger to the depth of 20 cm and mixed to make a composite sample. The sub-samples taken from
each subplot were pooled into one bucket and thoroughly mixed and homogenized after which a
representative sample of approximately 1.0 kg was taken and placed in a properly labeled sample bag to
represent one composite sample and transported to the laboratory properly (Bedele Soil Research Center,
soil Laboratory). A total of 109 composite soil samples were collected from agricultural land of the entire
district (Figure 2).

Soil sample preparation and soil laboratory analysis

Soil samples preparation was conducted at Bedele Soil Research Center, Soil Laboratory. The samples
were air dried and crushed using mortar and pestle and sieved through a 2mm mesh sieve size. Soil
samples preparation and analysis was conducted at Bedele Soil Research Center, Soil laboratory. The
samples were air dried and crushed using mortar and pestle and sieved through a 2mm mesh sieve size.
Organic Carbon was determined using the wet oxidation method (Walkley and Black, 1934). Available
Phosphorus was extracted by Olsen method (Olsen et al., 1954). The pH was measured potentiometrically
using a digital pH-meter in the supernatant suspension of 1:2.5 soils to water ratio. electrical conductivity,
exchangeable acidity, Exchangeable Basic Cation (Ca?", Mg?*, K*, and Na*,) was analyzed using atomic
absorption spectrophotometer following an ammonium acetate extraction method and measured by using
flame photometer (Rowell, 1994). Similarly, CEC was measured after leaching the NH4sOAc extracted
soil samples with 10% NaCl solution and particle size was analyzed by the hydrometer method.

Soil fertility mapping

Based on soil analysis results, soil fertility indices were generated and ratings made (FAO, 2006).
Accordingly, the soils were classified into different fertility categories, i.e., very low, low, medium, high
and very high on the basis of the content of each selected soil parameters. Fertility maps of the study area
for required soil parameters were developed through ArcGIS 10.1 software by using ordinary Kriging
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method. For each fertility class, different symbol, colors, and patterns were selected from symbol selector
of ArcMap. Finally, the fertility status of the land units was mapped by using the respective legend
symbols.

Results and Discussion
Soil particle size distribution

The soil textural class of the district constituted more of clay particles than sand and silt (Table 2 and
Figure 3). Three different textural classes were identified in the study area, namely: clay, clay loam and
sandy clay loam textural classes, which accounted 86, 12 and 2% of the total collected samples,
respectively. The maximum clay, silt and sand of samples collected from Chora district were 80, 45 and
48% respectively whereas the minimum values were 30, 6, and 4% respectively (Table 2). Soils with high
clay content have sufficient particle-to-particle contact points to form strong bonds when the soil dries
which can lead to the formation of a strong crust (FAO, 2006). According to Buol et al. (2003), high clay
content is an indication of complete alteration of weatherable minerals into secondary clays and oxides.
Similarly, frequent cultivation might have enhanced weathering of primary particles and contributed for
the high clay fraction. On the other hand, the contents of sand in the soils were very low compared to clay
and silt separates.
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Figure 3. Soil textural classes and percentage in Chora District

Table 2. Particle size distribution of soils in Chora District

Particle size range (%)

Texture Observations (No.)  Minimum Maximum
Clay 109 30 80
Silt 109 6 45
Sand 109 4 48
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Soil reaction, exchangeable acidity and electrical conductivity

The results revealed that the soil reaction, pH (H20) of the surface soil of the district ranged from 4.3 to
6.0 (Table 3). Based on soil acidity range established by FAO, (2006), the study area ranged from very
strongly acidic to slightly acidic. The minimum value of soil pH was observed in the higher altitude of the
study area which was intensively cultivated, while the maximum value was observed in the lower altitude.
Accordingly, very strongly acidic, strongly acidic, moderately acidic were accounted as 7%, 59% and
34% of the total area of Chora District (Figures 4 and 5).

Table 3. Soil reaction (pH), electrical conductivity (EC), exchangeable acidity, organic carbon (OC) and
available phosphorus (Av.P) of soils in Chora District

Range
Soil property Observations (No.) Minimum Maximum
pH (H20) 109 4.3 6
EC(dS/m) 109 0.03 0.13
EA (cmolckg™) 109 0.0 3.5
OC (%) 109 1.8 5.4
Av. P (ppm) 109 0.5 115

Considering the optimum pH for many plant species to be 5.5 to 6.8 (Amacher et al., 2007) and absence
of free exchangeable Al in this range, only about 10% of the pH of the soils in the study area could be
considered as suitable for most crop production (Figure 6). While according to critical levels adopted by
EthioSIS and Tekalign (1991) at pH (1:2.5), 90% of the soils of the study area were under strongly acid
soils (pH < 5.5), where the solubility of essential nutrients needed for plant growth reduced. This could be
due to high rainfall received by the area that caused leaching of bases and clay particles.
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Figure 4. Map showing surface soil pH classes and status of Chora District
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As a result this condition also usually leads to Al and Mn toxicity plus deficiency in N, P, K, Mg, Ca and
various micronutrients. This has multiple implications for plant growth and other soil fertility issues
including reduced response to ammonium phosphate and urea fertilizers, stunted root and plant growth
due to nutrient deficiency (yields frequently reduced), increased incidence of disease, and toxicity (e.g.
for Mn: black spots and streaks on leaves). The exchangeable acidity (Al+H), on the other hand, varied
from 0.0 to 3.5cmolckg™ for soils with pH <5.5.
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Figure 5. Proportions of pH ratings of soil samples collected from Chora District
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Figure 6. Map of exchangeable acidity (EA) of soil samples collected from Chora District

Wheras electrical conductivity (EC) values of the study area varied from 0.03-0.13 dS m™ and in
accordance with the EC rating suggested by Scianna et al. (2007), the soils of the study area were non-
saline (Table 3). Similarly, according to definition set by U.S. Salinity Laboratory Staff (1954) none of
the samples were saline and the values were even lower than the suggested cut of point, 4dSm™. This is
due to rainfall that significantly exceeds evapotranspiration and results in leaching of soluble ions and
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prevents accumulation of salt. Plants growing in these study areas do not have the problem of absorbing
water because of the lower osmotic effect of dissolved salt contents.

Soil organic carbon

The organic carbon (OC) content of the soil ranged from 1.8-5.4% (Table 3). Based on the rating set by
Landon (2014), 87% of the soil samples collected from the district was revealed that low (2-4%), while
the rest 13% showed that medium (4-10%) in their SOC content (Figure 8). This might be due to
complete removal of aboveground biomass (for energy, animal feed, construct) and limited crop rotation
practice. Furthermore, the low to medium content of soil organic carbon is also attributed because of the

warmer climate, which enhances rapid rate of mineralization (Abayneh, 2005).
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Figure 7. Map showing SOC classes and its coverage of Chora District

Available phosphorus

The maximum and minimum values of available phosphorus were 11.5 and 0.5ppm, respectively (Table
3). From the total samples collected and predicted area almost all samples revealed that nearly 97% of
available phosphorus falls under very low (<5ppm) According to the critical level set by FAO, (2006),
from the total samples collected and predicted area, nearly 97% of available phosphorus value falls under
very low category (<5ppm) and the rest exhibited in low (Figure 8). But according to the critical level set
recently by EthioSIS (Karltun et al., 2013) total samples collected and predicted area available
phosphorus values were under very low category (0-15ppm).
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Figure 8. Map showing available P class and its coverage in Chora District

Generally, the available P status of the soils in the study area was very low, and is among the factors that
are highly limiting the productivity of the soils. In agreement with this observation, many researchers
Warren, 1992; Buehler et al., 2002) have also reported that soil P deficiency is a wide spread
phenomenon and it is believed to be the second most important soil fertility problem throughout the world
next to N and often the first limiting element in acid tropical soils.

However, the lower available P in soils of the district may be due to lower SOM status and most plant
nutrients are fixed when the soil pH is less than 5.5. In addition, iron and aluminium ions dominate the
exchange sites and become active to react with phosphorus and make it insoluble (Mesfin, 2007). On the
other hand most plant nutrients are optimally available at pH value greater than 5.5 and less than 7.5
which is also compatible to plant root growth (Tisdale et al., 2003). Result of this study was consistent
with that of Achalu et al. (2012) who observed that variations in available P contents in soils are related
with the intensity of soil disturbance, the degree of P- fixation with Fe and Al ions. Similarly, Tekalign
and Haque (1987) and Dawit et al. (2002) reported SOM as the main source of available P and the
availability of P in most soils of Ethiopia decline by the impacts of fixation, abundant crop harvest and
erosion.

Exchangeable bases

Generally, the maximum value of total exchangeable bases (K, Na, Mg and Ca) was 16.5cmolckg™ and
the minimum value was 1.5cmolckg™ (Table 4). Potassium is an important plant nutrient and a great deal
of study has been made of the amounts believed necessary for adequate plant growth. The maximum and
minimum values of exchangeable K were 4.8 and 0.2cmolckg™ respectively (Table 4). An exchangeable
calcium value of greater than 5cmol. kg™ soil is considered to be adequate for the nutrition of most crops.
The maximum and minimum values of Exchangeable Ca were 8.3 and 0.4cmolc kg™ (Table 4).
Exchangeable magnesium which is greater than 1cmol. kg™ soil is believed to be adequate for plant
nutrition (Metson, 1961). The amount of exchangeable magnesium reported for the soils of the study area
varied from 0.1-6.0cmol. kg™ (Table 4).
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Table 4. Exchangeable bases (CEC), PSP, ESP, SAR, Ca: Mg Ratio and K: Mg ratio of Chora District

Soil Chemical Properties (n = 109)

Exchangeable bases (cmolckg™) PBS ESP SAR CEC Ca:Mg K:Mg
Range Na’ K* ca* Mg™ TEB (%) ratio  (cmolckg™) ratio ratio
Min. 0.0 0.2 0.4 0.1 1.5 8 0 0.0 5.3 0.3 0.1
Max. 0.7 4.8 8.3 6.0 16.2 100 22 0.5 24.5 19.4 22.0

Where Min = minimum, max = maximum

Although sodium (Na) may, in particular circumstances be utilized by some plants as a partial substitute
for K, it is not an essential plant nutrient. Its absence, or presence in very small quantities, is therefore not
usually detrimental to plants but if it is high in proportion to other cations it will have an adverse effect
not only on crops but also on physical condition of the soil. The value of the measured exchangeable Na
was in the range of 0.0 -0.7 cmolckg™ of soil, indicating lower Na content of the soil and have no any
adverse effect on growth of crops and physical properties of soil (Table 4).
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Figure 9. Exchangeable bases (Na, K, Mg and Ca) of Chora District

Based on the ratings set by FAO (2006) 8, 20 and 67% of the total area were medium, high and very high
in exchangeable K content, respectively (Figure 11 and Table 4). According to Hazelton and Murphy
(2007), the mean soil exchangeable potassium is rated as moderate to very high. Even though highest,
there could be an increasing loss of all exchangeable cations in the study area due to continuous removal
by crops without replenishment and vertical movement or leaching.
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However, Manbir et al., (2015) reported that, soil test K alone may not be adequate to predict K response.
Plants produce higher yields at a certain Ca: Mg ratio and K: Mg ratio on acidic soils which are 10:1 and
0.7:1, respectively (Loide, 2004); noting that, for potash fertilizer application, K: Mg ratio of 0.7:1 was
used as a critical point, since the amount of K was low compared to Mg in many areas, especially in the
study area it was ranged from 0.2:1 to 22.1:1 (Table 4), which indicated that Mg induced K deficiency
using the rating of Loide (2004). This can be corrected by potassium fertilizer application to bring the
potassium to magnesium ratio closer to 0.7:1.

From a total soil samples collected from the district was about 43, 45 and 12% was low, very low and
medium ranges in exchangeable Ca, which was ranged from 0.4-8.3cmolckg™ (Figure 9 and Table 4).
According to sated standard by Hazelton and Murphy (2007), the analyzed value of exchangeable calcium
is categorized from low to very low. This might be attributed to removal of this exchangeable basic cation
by erosion and leaching from higher topography and their subsequent accumulation in the lower
elevations. This indicates that more calcium is required as production input and the response to calcium
application in form of fertilizer and lime more likely increase productivity in the study area.

The analytical values of exchangeable bases indicated that exchangeable Ca and K were dominant cations
in the exchange complex (Table 4). Total exchangeable bases of soil samples collected from Chora
district ranges from 1.5-16.2cmolcKg™ (Table 4). The minimum, maximum and mean of the total
exchangeable bases of the district was 1.5, 16.2 and 6.9cmolc Kg™?, respectively.

Cation exchange capacity and base saturation percentage

The maximum value of cation exchange capacity (CEC) was recorded at small part of plateau plain of the
study area (Figure 10). This could be due to high accumulation of clays and organic matter at that
location. In addition, most areas of the district contained CEC value at medium level for crop production.
The CEC of the soils ranged from 5.3-24.5 cmolckg™* with mean and standard deviation values of 14.8 and
3.8cmolckg™ respectively (Figure 10 and Table 4).

As per rating set by FAO (2006), the CEC value of all agricultural land of the district can be classified as
moderate (74%) and low (26%) status (Figure 10). This result indicates that the CEC values of the district
were ranged from low to medium. The relatively medium CEC values recorded might be attributed to the
fact that soils with medium accumulation percent of SOC. Soils with low CEC are more likely to develop
deficiencies in potassium (K*), magnesium (Ca?") and other cations which was susceptible to leaching
while high CEC soils are less susceptible to leaching of these cations (CUCE, 2007).
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Figure 10. CEC classes and its coverage in Chora District

Generally, the soils of the study area had moderate nutrient retention and buffering capacity due to the
medium status of CEC. The minimum and maximum values of percent base saturation (PBS) of the
district were 8 and 100% respectively. According to the rating seted by FAO (2006), out of the total
collected composite soil samples percent base saturation 34, 11, and 25% was categorized in the range of
very low, low, and moderate respectively (Figure 11). These indicate that majority soils of the district
were below the threshold levels. According to FAO (2006), soils having greater than 55% base saturation
are rated as fertile and potentially productive soils.
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Figure 11. PBS classes and its coverage in Chora District

Conclusion and Recommendations

Soil fertility map shows plant nutrient status and is useful for decision making for professionals and
farmers on fertilizer type and rate, agricultural liming materials and others. The results of soil fertility
assessment showed that some required soil chemical, physical, and biological properties were varied
extensively within the fields in the study area. Accordingly about 90% of the study area was strongly
acidic (pH < 5.5), about 87% of the district was low in soil organic carbon (<4%), totally 100% of the
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district available phosphorus was below critical range (<10ppm), and calcium status of all samples was
low ranging from 0.4-8.3cmolckg™. Finally, based on these results, the following recommendation is
given for decision makers, researchers, and stakeholders that this soil fertility map can be used as
information source for soil fertility management in the district. Agricultural land of the district is highly
depleted in soil organic content and plant nutrients then integrated soil fertility management should get
priority attention by researchers, agricultural experts, development agents, and other stakeholders in
creasing crop productivity and production of the district.
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Abstract

Soil fertility mapping shows plant nutrient status at required scale and is useful for decision making in
fertilizer advisory services for farmers. The objectives of this study were to assess the fertility status of the
soils and mapping of the study area. A total of 125 soil samples were collected across Bedele District at
1.5 km grid interval from the depth of 0-20 cm. Soil texture, soil orcanic carbon (SOC), soil reaction
(pH), electrical conductivity (EC), exchangeable acidity (EA), available phosphorus (P), exchangeable
bases and cation excheange capacity (CEC) were analyzed following standard laboratory methods at
Bedele Soil Research Center soil laboratory. To predict values for not sampled locations the Ordinary
Kriging interpolation was used by ArcGIS10.2 software. Clay soils constitute 98% of the total soil
samples of the district. Soil organic carbon (SOC) range was from 1.0-5.8% indicating 70% of the soil
samples collected from the district were low (<4%), while the rest 30% was in medium range. Soil
reaction (pH) ranged from 4.1-6.2, i.e., 75% of the soils of the study area were under strongly acidic
(pH<b5.5). Available phosphorus was ranged from 0.6-21.8ppm, where nearly 87% of analyzed soil
samples values was under low category (<10ppm). Exchangeable potassium and magnisium were ranged
from sufficient to very high range, while values of most exchangeable calcium showed difficient range in
the study area. To address these nutrient deficiencies fertilizers containing of P and agricultural lime
materials were suggested for optimum crop production in the district. Setting soil test based critical levels
for each of these deficient nutrients and surveillance of each nutrient status to prevent toxicity are
recommended to obtain optimum crop yield in the study area. Further ISFM intervention technologies
will be needed for sustainable soil resource management practices for food and nutrition security of
farmers in the study area. Generally, the soil fertility map developed for pH, OC, available P, CEC, Ca,
Mg, K, and Na clearly indicates areas of the district where these soil properties are adequate and
deficient for increasing crop productivity and production in the district.

Keywords: Soil fertility mapping, Ordinary Kriging, ArcGIS and lime materials

Introduction

Most of sub-Saharan Africa (SSA) soils are naturally less fertile than soils of North America, Europe, and
Asia; they are typically low in available nitrogen (N), CEC, soil organic matter (SOM) and commonly
deficient in phosphorus (P), sulphur (S) and magnesium (Mg) (John et al., 1995). Soil fertility is one of
the primary constraints to agricultural production particularly in densely populated and countries
characterized by hilly and Rift Valley areas such as Ethiopia, Kenya, Rwanda and Malawi (Roy et al.,
2003; Bationo et al., 2006). The challenge comprises not only in supply of nutrient, but also indicates
their nutrient supplying capability; moreover fertility of soil is subject to man’s control (Deshmukh,
2012).

Ethiopia has potentially rich land resources but agricultural productivity has been below optimum vyield
mainly due to a range of factors including soil erosion, acidity and nutrient depletion, lack of soil fertility
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replenishment, nutrient mining and lack of balanced fertilization (Tesfahunegn, et al., 2011; Wondwosen
et al., 2011).Therefore, soil fertility constraints to crop production in region are recognized as the major
impediments to food security (Chillot and Hassan, 2010).

The proper rates of plant nutrients can be determined by knowledge about the nutrient requirement of the
crop and supplying power of the soil (Tilahun, 2007). However, Ethiopian farmers used to apply only
chemical fertilizers di-ammonium phosphate (DAP) and urea to increase crop yields for about five
decades and this did not consider soil fertility status and crop requirement. For instance, in southern
Ethiopia, farmers apply 100/50 kg ha™* DAP/Urea for maize irrespective of the heterogeneity of the farm
areas. In contrast to this, Flowe et al. (2005); Santr et al. (2008); Tegbaru (2014); Fanuel (2015); and
Okubay et al. (2015) reported that agricultural fields are not homogenous and soil macro-nutrient status is
highly variable.

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
powerful set of tools for collecting, storing, retrieving, transforming and displaying spatial data
(Burrough, 1998). GIS can be used in producing 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 recommendation. These technologies allow mapping fields accurately 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 soil properties (Burrough et al., 2010;
Liuet al., 2013; and Wang et al., 2009). Thus, information on spatial variability of soil nutrients is
important for sustainable management of soil fertility. Among many Geo-statistical methods, ordinary
krining is widely used to map spatial variation of soil fertility. According Ismaili et al., (2014), 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 (Song, 2013).

Soil testing provides information regarding nutrient availability in soils which forms the basis for the
fertilizer recommendations for optimizing crop yields. Soil fertility maps are meant for highlighting the
nutrient needs, based on fertility status of soils and adverse soil conditions which need improvement to
realize good crop yields (Verma, 2005). Knowledge about an up-to-date status of soil macronutrients 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 specifically
for study area. Therefore, as part of the institutional initiative, this study was conducted with specific
objectives to identify, classify and mapping soil nutrient status of the study area and to avail information
on fertilizer application of the study area.

Materials and Methods

Description of the study area

Mana District is one of the districts in Jimma Zone, Oromia, Southwest Ethiopia. It is bordered in the
south by Seka Chekorsa District, in the west by Gomma, in the north by Limmu Kosa, and in the east by
Kersa District. The administrative center of this district is Yebu. The district is located 382 km away from
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the capital city of the country and 32 km away from Jimma Town in Jimma Zone. The district is located
at an elevation ranged between 1400-2610masl and located at 7°67'N, 37°07'E. It is generally
characterized by warm climate with a mean annual maximum temperature of 25°C and a mean annual
minimum temperature of 18°C. The driest season lasts between December and January, while the coldest
month being December. The annual rainfall ranges from 1,138 to 1,690 mm. The soil of the area is
characterized as a old soil called Nitisol (Misgana et al., 2018).

The landscape of Mana District includes mountains, high forests and plain divided by valleys. Mountains
include Weshi and Bebella. Rivers include Aniso, Doha, Wanja, Yebu and Sogibo. A survey of the land
in this district shows that 89.1% is arable or cultivable (86.1% was under annual crops), 2.7% pasture,
2.8% forest, and the remaining 5.4% is considered swampy, degraded or otherwise unusable. Khat and
Coffee is an important cash crop for this district (Misgana et al., 2018).

Ethiopian Map Mana District
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The tentative sampling points were distributed at 1.5 km grid intervals throughout the District by the use
of ArcGIS version 10.1 and the area of interest for soil sampling was prepared to establish the pre-defined
sampling points (Figure 2). The region of interest for soil sampling location was prepared by stratifying
the non- agricultural land from the country’s land use/land cover map by using a Google Earth map
displayed. The tentative sampling points that fall out of agricultural land were excluded and the
predefined sampling points that fall on agricultural land were surveyed.
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Figure 1. Map of the study area

Site selection and soil sample collection
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Figure 2. Sampling locations of Mana District

Surface (0-20cm) soil samples were collected during the off season of 2016/2017 using systematic
sampling technique. During sampling, the predefined sampling points were navigated by using Garmin
GPS_78 and letting the GPS average the location for 3-5 minutes to increase accuracy. At the plot level,
basic site characteristics were described and recorded on the standard description sheet provided for each
sampling plot. After locating the center of sampling point by GPS, soil samples were collected from 15-
20 subplots by using auger to the depth of 20 cm and mixed to make a composite sample. The sub-
samples taken from each subplot were pooled into one bucket and thoroughly mixed and homogenized
after which a representative sample of approximately 1.0 kg was taken and placed in a properly labeled
sample bag to represent one composite sample and transported to the laboratory properly (Bedele Soil
Research Center, soil Laboratory). A total of 125 composite soil samples were collected from agricultural
land of the entire district (Figure 2).

Soil sample preparation and soil laboratory analysis

Soil samples preparation was conducted at Bedele Soil Research Center, soil laboratory. The samples
were air dried and crushed using mortar and pestle and sieved through a 2mm mesh sieve. Organic
Carbon was determined using the wet oxidation method (Walkley and Black, 1934). Available
Phosphorus was extracted by Olsen method (Olsen et al., 1954). The pH was measured potentiometrically
using a digital pH-meter in the supernatant suspension of 1:2.5 soil to water ratio. electrical conductivity,
exchangeable acidity, Exchangeable Basic Cation (Ca?", Mg?*, K*, and Na*,) was analyzed using atomic
absorption spectrophotometer following an ammonium acetate extraction method and measured by using
flame photometer (Rowell, 1994). Similarly, CEC was measured after leaching the NH4sOAc extracted
soil samples with 10% NaCl solution and particle size was analyzed by the hydrometer method.

35



Soil fertility mapping

Finally, based on soil analysis results interpretation (FAO, 2006), fertility map of the study area for
required soil parameter were developed through ArcGIS 10.1 software by using ordinary Kriging method.
The district was categorized as sufficient or deficient in respective plant nutrients and the extent was
shown on a map. The deficient plant nutrients were combined appropriately and recommended.

Results and Discussion

Soil particle size distribution

The soil textural class of the district constituted more of clay particles than sand and silt (Table 2 and
Figure 3). Three different textural classes were identified in the study area, namely: clay and clay loam
textural classes, which accounted 98 and 2% of the total collected samples, respectively. The maximum
clay, silt and sand of samples collected from Mana district were 69, 35 and 43%, respectively whereas the
minimum values were 30, 9, and 12% respectively (Table 2). Soils with high clay content have sufficient
particle-to-particle contact points to form strong bonds when the soil dries which can lead to the
formation of a strong crust (FAO, 2006).
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Figure 3. Soil textural classes and percentage of Mana District.

Table 2. Particle size distribution of the soils in Mana District

Particle size range (%)

Texture Observations (No.) Minimum Maximum
Clay 125 30 69
Silt 125 9 35
Sand 125 12 43

According to Buol et al. (2003), high clay content is an indication of complete alteration of weatherable
minerals into secondary clays and oxides. Similarly, frequent cultivation might have enhanced weathering
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of primary particles and contributed for the high clay fraction. On the other hand, the contents of sand in
the soils were very low compared to clay and silt separates.

Soil reaction, exchangeable acidity and electrical conductivity

The results revealed that the soil reaction, pH (H20) of the surface soil of the district ranged from 4.1-6.2
(Table 3). Based on acidity class established by FAO (2006) the soil acidity of the study area ranged from
very strongly acidic to moderately acidic. The minimum value of soil pH was observed in the higher
altitude of the study area which was intensively cultivated, while the maximum value was observed in the
lower altitude. Accordingly, very strongly acidic, strongly acidic, moderately acidic and slightly acidic
soils were accounted for about 10, 55, 30 and 5% of the total area of the district (Figures 4 and 5).

Considering the optimum pH for many plant species to be 5.5-6.8 (Amacher et al., 2007) and absence of
free exchangeable Al in this range, only about 25% of the pH of the soils in the study area could be
considered as suitable for most crop production (Figure 5); whereas according to critical levels adopted
by EthioSIS and Tekalign (1991) at pH (1:2.5), 75% of the soils of the study area were under strongly
acidic (pH < 5.5),where the solubility of essential nutrients needed for plant growth is reduced.This could
be due to high rainfall received by the area that caused leaching of bases and clay particles.Moreover, the
acidic nature with low soil pH might be obtained from the entire district could be attributed to the fact that
soils were derived from weathering of acidic igneous granites and leaching of basic cations such as K, Ca
and Mg from the surface soil (Frossard et al., 2000).

Table 3. Soil reaction (pH), electrical conductivity (EC), exchangeable acidity, organic carbon (OC) and
available phosphorus (Av.P) of soils in Manna District

Range
Parameter Observations (No.) Minimum Maximum
pH (H:0) 125 4.1 6.2
EC (dS/m) 125 0.02 0.13
EA (cmolckg™) 125 0.0 3.6
OC (%) 125 1.0 5.8
Av. P (ppm) 125 0.6 21.8
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Figure 4. Map showing surface soil pH classes and status of Mana District
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Figure 5. Proportions of soil reaction (pH) rating of Mana District

As a result this condition also usually leads to Al and Mn toxicity plus deficiency in N, P, K, Mg, Ca and
various micronutrients. This has multiple implications for plant growth and other soil fertility issues
including reduced response to ammonium phosphate and urea fertilizers, stunted root and plant growth
due to nutrient deficiency (yields frequently reduced), increased incidence of disease, and toxicity (e.g.
for Mn: black spots and streaks on leaves).

The exchangeable acidity (Al+H), on the other hand, varied from 0.0 to 3.6¢cmolckg™ for soils with

pH<5.5 and the mean value was 0.7cmolckg™ of soil (Table 3 and Figure 6). Whereas, electrical
conductivity (EC) values of the study area varied from 0.02 to 0.13dSm™ and in accordance with the EC
rating suggested by Scianna et al. (2007), the soils of the study area were non-saline (Table 3). Similarly,
according to definition set by U.S. Salinity Laboratory Staff (1954) none of the samples were saline and
the values were even lower than the suggested cut of point, 4dSm™. This is due to rainfall that
significantly exceeds evapotranspiration and results in leaching of soluble ions and prevents accumulation

38



of salt. Plants growing in these study areas do not have the problem of absorbing water because of the
lower osmotic effect of dissolved salt contents.
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Figure 6. Map of Exchangeable Acidity (EA) of soil samples collected from Mana District

Soil organic carbon

The organic carbon (OC) content of the soil ranged from 1.0-5.8% (Table 3). Based on the rating set by
Landon (2014), 4 and 66% of the soil samples collected from the district was revealed that very low
(<2%) and low (2-4%) respectively, while the rest 30% showed that medium (4-10%) in their SOC
contents (Figure 7). This might be due to complete removal of aboveground biomass (for energy, animal
feed, construction) and limited crop rotation practice. Besides, the low to medium content of soil OC is
also attributed because of the warmer climate, which enhances rapid rate of mineralization (Abayneh,

2005).
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Available phosphorus

The maximum and minimum values of available P were 21.8 and 0.6ppm respectively (Table 3).
According to the critical level set by FAO, (2006), from the total samples collected and predicted area,
nearly 61% of available phosphorus values falls under very low (<5 mgkg™ whereas, the rest results
showed that 26, 9 and 4% exhibited to low, medium and high rating ranges respectively (Figure 8). But
according to the critical level set recently by EthioSIS (Karltun et al., 2013) almost all samples collected
and predicted area, available phosphorus values falls under very low category (0-15 mgkg™) which
acounted about 96%.

Generally, the available P status of the soils in the study area was very low, and is among the factors that
are highly limiting the productivity of the soils. In agreement with this observation, many researchers
including (Warren, 1992; Buehler et al., 2002) have also reported that soil P deficiency is a wide spread
phenomenon and it is believed to be the second most important soil fertility problem throughout the world
next to N and often the first limiting element in acid tropical soils.

However, the lower available P in soils of the district may be due to lower SOM status. Most plant
nutrients are fixed when the soil pH is less than 5.5. In addition, iron and aluminium ions dominate the
exchange sites and become active to react with phosphorus and make it insoluble
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Figure 8. Map showing available P class and status by percentage in Mana District (Mesfin, 2007)
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On the other hand most plant nutrients are optimally available at pH value greater than 5.5 and less than
7.5 which is also compatible to plant root growth (Tisdale et al., 2003). Result of this study was also
consistent with that of Achalu et al. (2012) who observed that variations in available P contents in soils
are related with the intensity of soil disturbance, the degree of P- fixation with Fe and Al ions. Similarly,
Tekalign and Haque (1987) and Dawit et al. (2002) reported SOM as the main source of available P and
the availability of P in most soils of Ethiopia decline by the impacts of fixation, abundant crop harvest
and erosion.

Exchangeable bases

Generally, the maximum value of total exchangeable bases (K, Na, Mg and Ca) was 7.6cmolckg™ and the
minimum was 2.6cmolckg™ (Table 4). Potassium is an important plant nutrient and a great deal of study
has been made of the amounts believed necessary for adequate plant growth. The maximum and
minimum values of exchangeable K were 3.3 and 0.1cmolckg™ respectively (Table 4). The value of the
measured exchangeable Na ranged of 0.0 to 2.9cmolckg™ of soilindicating lower Na content of the soil
and have no any adverse effect on growth of crops and physical properties of soil (Table 4). Therefore,
the soil of the study area was non-saline, no soil problems with Na* ion consentrations (Figure 9).

Table 4. Exchangeable bases (CEC), PBS, ESP, SAR, Ca:Mg Ratio and K: Mg Ratio of Mana District

Soil chemical properties (n = 125)

Exchangeable bases (cmol.kg™) PBS ESP SAR CEC CaMg K:Mg
Range Na* K* Ca™ Mg™ TEB (%) ratio  (cmolckg™) ratio ratio
Min. 0.0 0.1 0.3 0.1 26 203 00 0.0 7.4 0.1 0.1
Max. 2.9 3.3 1.9 4.7 76 759 505 1.7 23.9 35.8 48.0

Where min = minimum, max = maximum

Exchangeable calcium (Ca*™) value of greater than 5cmol. kg™ soil is considered to be adequate for the
nutrition of most crops. The maximum and minimum values of Exchangeable Ca were 1.9 and 0.3cmolc
kg™ respectively (Table 4). Exchangeable magnesium which is greater than 1cmolckg™ soil is believed to
be adequate for plant nutrition (Metson, 1961). The amount of exchangeable magnesium reported for the
soils of the study area ranged from 0.1 to 4.7cmolckg™ (Table 4).

Based on the ratings seted by (FAO, 2006) 15, 21 and 59% of the total area were medium, high and very
high in exchangeable K content respectively (Figure 9) whereas, about 5% of the total soil sample
collected was showed that bellow medium range. According to Hazelton and Murphy (2007), the mean
soil exchangeable potassium is rated as moderate to very high. Even though the highest mean value of
exchangeable K were medium, there could be an increasing loss of all exchangeable cations in the study
area due to continuous removal by crops without replenishment and vertical movement or leaching.
However, Manbir et al., (2015) reported that, soil test K alone may not be adequate to predict K response.
Plants produce higher yields at a certain Ca:Mg ratio and K:Mg ratio on acidic soils which are 10:1 and
0.7:1, respectively (Loide, 2004). Noting that, for potash fertilizer application, K:Mg ratio of 0.7:1 was
used as a critical point, since the amount of K was low compared to Mg in many areas, especially in the
study area it was ranged from 0.1:1 to 48.0:1 (Table 4), which indicated that Mg induced K deficiency
using the rating of Loide (2004). Accordingly, in the history, farmers of the area did not use K fertilizer.
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Figure 9. Map of exchangeable bases (Na, K, Mg and Ca) of Mana District

From total soil samples collected from the district showed in very low rage (<2 cmolckg?) in
exchangeable Ca, which was ranged from 0.3 to 1.9cmolckg™ (Figure 9 and Table 4). According to sated
standard by Hazelton and Murphy (2007), analyzed value of exchangeable calcium was rated as very
low. This might be attributed to removal of this exchangeable basic cation by erosion and leaching from
higher topography and their subsequent accumulation in the lower elevations.This indicates that more
calcium is required as production input and the response to calcium application in form of fertilizer and
lime more likely increase productivity in the study area.

The analytical values of exchangeable bases indicated that exchangeable Ca and K were dominant cations
in the exchange complex (Table 4). Eckert (1987) also suggested that Ca:Mg ratio is an index appropriate
to indicate the level of calcium and magnesium from crop nutrition point of view. As a rate was set up by
Eckert (1987), for the whole soil samples collected from the district the minimum and maximum value of
Ca:Mg ratio were 0.1 and 35.8 respectively (Table 4). From the total samples collected from the study
area, nearly about 47% were deficient in Ca™ whereas the rest 53% fall under the low ratio between
calcium and magnesium (Table 4).

Cation exchange capacity and base saturation

The maximum value of cation exchange capacity (CEC) was recorded at small part of plateau plain of the
study area (Figure 10). This could be due to high accumulation of clays and organic matter at that
location. In addition, most areas of the District contained CEC value at medium level for crop production.
The CEC of the soils ranged from 7.4-23.9cmolckg™ in the study area respectively (Figure 10 and Table
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4). As per rating by FAO (2006), the CEC value of all agricultural land of the district can be classified as
moderate (61%) and low (39%) status (Figure 10).
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Figure 10. CEC classes and its status in soils collected from Mana District.

This result indicates that the CEC values of the district were ranged from low to medium. The relatively
medium CEC values recorded may be attributed to the fact that soils with medium accumulation percent
of OC. Soils with low CEC are more likely to develop deficiencies in potassium (K*), magnesium (Mg?")
and other cations which was susceptible to leaching while high CEC soils are less susceptible to leaching
of these cations (CUCE, 2007). Generally, the soils of the study area had moderate nutrient retention and
buffering capacity due to the mediumstatus of CEC.

The minimum and maximum values of percent base saturation (PBS) of the district were 8 and 100%
respectively. According to the rating seted by FAO (2006), out of the total collected composite soil
samples percent base saturation 34, 11, and 25% of the was categorized as very low, low, and moderate
respctivily (Figure 11). These indicate that majority soils of the district were below the threshold levels
which was. According to FAO (2006), soils having greater than 50% base saturation are rated as fertile
and potentially productive soils.
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Figure 11. PBS classes and status in soils collected from Chora District
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Conclusion and Recommendations

Soil fertility assessment mapping shows plant nutrient status and is useful for decision making for
professionals, farmers and other stockholders on fertilizer type and rate, and agricultural liming materials.
According to the results of this assessment, some required soil chemical, physical, and biological
properties were varied widely within the fields in the district. About 75% of the study area was strongly
acidic (pH < 5.5), about 70% low in soil organic carbon (<4%), nearly 87% of the district available
phosphorus was below critical level (<10ppm), and Calcium status of all soil samples was low ranging
from 0.3-3.2cmolckg™. Based on these results, recommendations for decision makers, researchers,
agricultural experts, and other stakeholders are to use these soil fertility maps as reference for soil
information source in the district. Agricultural lands of the district are highly affected by depletion of
organic carbon and plant nutrients, soil fertility improvement should be priority area for researchers,
experts and development agents, and others in increasing crop productivity and production. Further ISFM
intervention technologies are critically needed for sustainable soil resource management and sustrainable
food and nutrition security of people in the study area.
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Abstract
Sustainability of agricultural soils is essential to enhancing crop production on sustainable basis. On-

farm phosphorus calibration study was conducted in Chora District of Buno Bedele Zone of Oromia
during the main cropping seasons 2014-2016. The objectives were to determine phosphorus critical level
and P-requirement factor for maize using hybrid variety BH-661. Factorial combination of four levels of
N (0, 46, 92 and 138 kg N/ha) and four levels of P (0, 20, 40 and 60 kg P/ha) were arranged in the first
year to determine N rate. Thenafter seven levels of P (0, 10, 20, 30, 40, 50 and 60 kg P/ha), and 92 kg N
/ha in the second and third years were tested to determine phosphorus critical level and requirement
factor and laid out in RCBD with three replications. Maize grain yield was analyzed using SAS software.
Composite surface soil samples (0-20 cm depth) were collected from each experimental site before
planting for laboratory analysis of selected soil chemical properties. Similarly, after 21 days of planting
intensive composite soil samples were collected from each experimental plot to analyze available P. The
results of the study revealed that soil reaction pH (H20) values were strongly acidic ranged from 4.25-
5.06, very low available P from 0.78-4.60 ppm. The highest grain yield (7449 kg ha') was obtained from
138 kg N ha', while the lowest (1366 kg ha*) was from the control (without fertilizer). However, fertilizer
rates of 138 kg N ha™ and 92 kg N ha* showed no significant difference in grain yield. Therefore, the
result showed that nitrogen rate 92 kg N ha, P-critical level (8.5 ppm) and P-requirement factors (6.64)
were determined for maize production in Chora District. Thus, maize producers are advised to use soil
test crop response based phosphorus recommendation to increase maize productivity and production in
the district.

Keywords: Maize variety BH-661, nitrogen, phosphorus, P critical and requirement

Introduction

In countries with a capacity for excess food production, maintenance of soil fertility is a requirement for
both economic and environmental viability of their farming system, People are dependent on soils and,
conversely, good soils are dependent on people and the uses they make of the land (Brady and Weil,
2002). Crop yields in the developed world are high and agricultural soils have high fertility status due to
intensive use of fertilizers (Mengel and Kirkby, 1996). This implies that using chemical fertilizer plays
significant role in increasing food production to meet the demand of the growing world population. On
the other hand, sub Saharan Africa is characterized by diverse agricultural systems that are typically low
input based subsistence farming systems (Bekunda et al., 1997). These soils have been sustaining
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agricultural production for centuries; as a result, their native fertility has been extremely low (Wong et al.,
1991). Soil fertility replenishment has, therefore, been singled out as the necessary, but not sufficient
condition for sustainable development in Africa (Sanchez and Leakey, 1997)

Soil fertility depletion presents a major challenge to bring about increased and sustainable productivity in
order to feed the ever increasing population of the country. The loss of soil fertility from continual
nutrient mining by crop removal without adequate replenishment, combined with imbalanced plant
nutrition practices, has posed a serious threat to agricultural production (FAO, 2006). The secret of
ensuring food security for the ever increasing world population is strongly linked to the productivity of
soils (Wakene, 2001). Quinenes et al. (1992) also stated that unless something is done to restore soil
fertility first, other efforts to increase crop production would end up with little success. Kelsa et al. (1992)
reported that using chemical fertilizers can increase yield in Ethiopia.

In Ethiopia, maize is first in productivity and second in area coverage after teff (CSA, 2010). Research
results in high potential maize growing areas are high. However, yield levels obtained by small scale
farmers remained stagnant despite the availability of improved varieties even in high maize growing
potential areas of western Oromia (Benti, 1993). One of the main causes for this discrepancy is low use of
external inputs, leading to negative balances for N, P and K (Rhodes et al., 1996).

Information on soil fertility status and plant nutrients requirement of a given area has vital role in
enhancing crop production and productivity on sustainable basis. Nevertheless, little information is
available in Oromia in general and Buno Bedele Zone in particular on essential plant nutrients
requirement for maize production. The prevailing blanket fertilizer rate recommendation throughout the
country on all soil types and agro ecological zone justifies the existence of little information on the
fertility status of soils. This calls for assessment of both agronomic and determination of nutrient rate
application to increase maize productivity to feed the rapidly growing population. Therefore the
objectives of the study were to assess and determine P critical level and requirement factor; and give
guidelines and phosphorus recommendations for maize production in Chora district.

Materials and Methods

Description of the study area

The trial was conducted on-farm in Chora District, Buno Bedele Zone of West Oromia, located 536 km
west of Addis Abeba along the main road from Bedele to Metu at 08°21' to 08°31' N latitude and
036%5’ to 036°13" E longitude. The mean annual rainfall and temperatures of the district ranged from
1000-1500 mm, 15-31°C, respectively. Altitude ranged from 1000-2060masl and soil type of the district
is dominated by Nitisols. The economy of the area is based on mixed crop-livestock farming system.
Dominant crops are cereals, teff, maize, sorghum and wheat, horticultural crops, coffee, avocado and
spices, and others.
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Soil sampling and analysis

Twenty sites were selected and Composite surface soil samples (0-20 cm depth) were collected from each
experimental sites before planting to determine soil pH (H-0) with 1:2.5 soil to water ratio, and available
P (Olsen method). Similarly, after 21 days of planting, intensive composite soil samples were collected
from each experimental plot to analyze available P, which serves as to determine P critical level and
requirement factor

Treatments, experimental designs and procedures

On-farm study was conducted in the district during the main cropping seasons of 2014-2016 to determine
P-critical level and requirement factor for phosphorus recommendation of hybrid maize variety BH-661
for Chora district. Factorial combination of four levels of N (0, 46, 92 and 138 kg N/ha) and four levels of
P (0, 20, 40 and 60 kg P/ha) were laid out in RCBD with three replications in the first year to determine N
rate. Moreover, single factor of seven levels of P (0, 10, 20, 30, 40, 50 and 60 kg P/ha) and 92 kg N/ha in
the second and third years to determine Phosphorus critical level and requirement factor were laid out in
RCBD with three replications. Maize population per hectare was 50,000. The experimental fields were
prepared by using oxen plow in accordance with conventional farming practices followed by the farming
community in the area where, the fields were plowed four times.

The gross plot size was (5m x6.4 m) with (5m x 4.8 m.) net plot area. DAP and TSP was applied at
planting. Nitrogen was applied at 30 days after emergency in the form of urea. During the different growth
stages of the crop, all the necessary field management practices were carried out as per the practices
followed by the farming community. Grain yield was analyzed using SAS computer package version 9.1
and LSD was used for mean separation

Determination of phosphorus critical level

Phosphorus critical level was determined following the Cate-Nelson graphical method where soil P values
were put on the X-axis and the relative yield values on the Y-axis (yield x 100/maximum yield). The
Cate-Nelson graphical method is based on dividing the Y-X scatter diagram into four quadrants and
maximizing the number of points in the positive quadrants. The positions of the lines on the overlay with
respect to the axes of the graph were transferred to the graph by making marks on the edges of the graph.
The two intersecting lines were then drawn lightly on the graph. The point where the vertical line crosses
the X-axis is defined as “critical soil test level’

Determination of phosphorus requirement factor

Phosphorus requirement factor was calculated using available P values in soil samples collected and
analyzed from each unfertilized and fertilized experimental plots, after that the relation between each
fertilizer rate and averaged corresponding soil test P value for each fertilizer rates was calculated..
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Results and Discussion

Soil reaction (pH) and available phosphorus

The pH (H20) values of the soil samples collected before planting were ranged from (4.25-5.06) (Table
1). Accordingly, the soils were strongly acidic in reaction (FAO, 2008). Continuous cultivation and long-
term application of inorganic fertilizers lower soil pH and aggravate the losses of basic cations from
highly weathered soils (Mokwunye et al. 1996). The result showed that soil pH affects maize production
which is less than the maize requirement proposed (FAO, 2006). Available Phosphorus (Olsen method)
collected before planting were ranged from (0.78 to 4.60) ppm (Table 1). The available P contents of the
soil were very low (Olsen et al., 1954). The low contents of available P observed in the soil of the study
areas are in agreement with the results reported by (Mesfin, 1998).

Table 1. Soil pH and initial available phosphorus status in soils before planting in Chora District

Site pH (H20) Available P (ppm)
1 4.71 1.938
2 4.42 2.878
3 4.36 1.468
4 4.88 0.888
5 4.33 1.316
6 4.75 1.988
7 4.90 2.671
8 4.88 0.784
9 491 4.206
10 5.06 1.205
11 4.68 2.773
12 4.45 1.647
13 4.25 1.374
14 4.40 2.178
15 4.76 2.714
16 4.45 3.030
17 4.25 3.491
18 477 4.601
19 4.35 1.927
20 4.45 1.055
Average 2.21
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Figure 1. Soil pH and Initial Phosphorus before planting
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In general, while available P values were oscillated between one and three, soil pH values were between
four and five (figure 1). This indicated that at low soil pH (acidic media) phosphorus is not available to
plants. Ethiopian agricultural soils particularly the Nitisols and other acid soils have low available P
content due to their inherently low P content, high P fixation capacity, crop harvest and soil erosion
(Yihenew, 2002; Dagne, 2012).

Nitrogen fertilizer determination

The interaction effect of N and P fertilizers was significant (P < 0.05) on maize grain yield. These results
agree with (Orkaido, 2004). The highest grain yield (7449 kg ha™*) was obtained from applicationof 138
kg N ha' and 60 kg P ha® , whereas the lowest (1366 kg ha™) was from the control plot (without
fertilizer) (Table 2). However, rates of 138 kg N ha and 60 kg P ha®, 138 kg N ha™and 40 kg P ha),
and 92 kg N ha™and 40 kg P ha* were not significantly different (Table 2). The level of N was changed
from 138 kg N ha? to 92 kg N ha® wthout significant yield difference among maize grain yield.
Therefore, 92 kg N ha™* was recommended for maize production in Chora District. Nitrogen status of soil
has a major role in maintaining highest maize grain yield (Akmal et al., 2010). N plays an important role
in crop life. It is one of the most important nutrients needed by plants in large quantities. Its availability in
sufficient quantity throughout the growing season is essential for optimum maize yield. It also mediates
the utilization of phosphorus, potassium and other elements in plants (Brady and Weil, 2002). The
optimal amounts of these elements in the soil cannot be utilized efficiently if nitrogen is deficient in
plants.

Table 2. Interaction effect of N and P fertilizers on maize variety BH-661 grain yield (kg ha™) in
Chora District in 2014 cropping season

P rate (kg ha™)

N rate (kg ha') 0 20 40 60 Mean
0 1366' 2519™" 3005™ 3412f 2575
46 23619 5134° 5764% 6264 4881
92 1884" 591 7%e 6759 6398 5240
138 16481" 6218« 7301%® 7449% 5654
Mean 1815 4947 5707 5881

LSD 968

CV (%) 321

Note: Means with the same letter are not significantly different at P <0.05
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Phosphorus critical level and requirement factor

The study result showed that determined P-critical level and P-requirement factor for maize in Chora
District was 8.5 ppm (Figure 2) and 6.64(Table 1), respectively.
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Figure 2. Phosphorus critical level for maize in Chora District
Table. 3. Phosphorus requirement factor for maize in Chora District
Fertilizer P applied Olsen P (ppm) P- increase over P- requirement
(kg P/ha) the control factor (Pr)”
0 221
10 4.18 1.97 5.08
20 5.16 2.95 6.78
30 7.17 4.96 6.05
40 8.27 6.06 6.60
50 8.66 6.45 7.75
60 10.13 7.92 7.58
Average 6.64

Conclusion and Recommendations

The soil reaction pH (H20) of the study area was strongly acidic and very low available phosphorus in the
soils. The highest mean grain yield was resulted from application of nitrogen rate (138 kg N ha™), but no
significant yield difference with 92 kg N ha™. Hence phosphorus critical level (8.5 ppm), P-requirement
factor (6.64) and nitrogen rate (92 kg N ha™) were recommended for maize production in Chora District.
Therefore awareness creation and promotion of soil test crop response based P recommendation should be
made for adoption of the technology by farmers through verification and demonstration. Moreover, to
improve the current soil fertility status of the study area, integrated soil fertility management including
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soil amendment with lime, crop rotation and others are advised to be used to improve the current
depletion of soil fertility condition in the district.
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Abstract

Phosphorus calibration study was conducted in Chora District of Buno Bedele Zone of Oromia during
the main cropping seasons, 2014-2016. The aims of the study were to determine phosphorus critical level
and P-requirement factor for phosphorus recommendation of bread wheat using Digalu variety. Factorial
combination of four levels of N (0, 46, 92 and 138 kg N/ha) and four levels of P (0, 20, 40 and 60 kg
P/ha) were used in the first year to determine N rate. Seven levels of P (0, 10, 20, 30, 40, 50 and 60 kg
P/ha) and 138 kg N /ha in the second and third years were used for P calibration to determine P-critical
level and P-requirement factor in RCBD with three replications. Wheat grain yield was analyzed with
SAS software. Composite surface soil samples (0-20 cm) were collected from each trial site before
planting for laboratory analysis of selected soil chemical properties. After 21 days of planting intensive
composite soil samples were collected from each plot to analysis available P content in the soil. The
results of the study revealed that the soil reaction pH (H:O) values were strongly acidic ranged from
4.20-5.27; very low available P from 0.62-3.01 ppm. The highest grain yield (3083 kg ha*) was from the
application of 138 kg N ha, while the lowest yield (931kg ha) was from the control (without fertilizer).
The results showed that nitrogen rate (138 kg N ha), P-critical level (3.8 ppm) and P-requirement factor
(30.28) were determined for bread wheat production in Chora District. Therefore, producers in the
district are advised to use soil test crop response based phosphorus recommendation to increase
productivity and production of bread wheat in the district.

Keywords: Bread wheat, nitrogen, phosphorus, P critical and P-requirement factor
Introduction

Wheat is the leading grain and most important food crop. Its importance derives from the properties of
wheat gluten, a cohsive network of touch endosperm proteins that stretch with the expansion of
fermenting dough, yet coagulates and holds together when heated to produce a “risen” loaf of bread
(Poehlman and Sleper, 1995). Wheat is produced across a wide range of soil conditions, although it is
best adapted to the fertile well drained silt and clay loam soils (Onwueme and Sinha, 1999). It is one of
the most important small cereal crops in Ethiopia widely cultivated in wide range of altitudes.

Soil degradation and depletion of soil nutrients are among the major factors threatening sustainable cereal
production in the Ethiopian highlands. Wheat production in the country is adversely affected by low soil
fertility and suboptimal use of mineral fertilizers in addition to diseases, weeds, erratic rainfall
distribution in lower altitude zones, and water-logging in the Vertisol areas (Amanuel et al., 2002).
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Soil fertility depletion presents a major challenge to bring about increased and sustainable productivity in
order to feed the ever increasing population of the country. The loss of soil fertility from continual
nutrient mining by crop removal without adequate replenishment, combined with imbalanced plant
nutrition practices, has posed a serious threat to agricultural production (FAO, 2006). The secret of
ensuring food security for the ever increasing world population is strongly linked to the productivity of
soils (Wakene, 2001). Quinenes et al. (1992) also stated that unless something is done to restore soil
fertility first, other efforts to increase crop production would end up with little success. Kelsa et al. (1992)
reported that using chemical fertilizers can increase yield under Ethiopian.

Soil test based fertilizer recommendation plays a vital role in ensuring balanced nutrition to crops. It is
widely believed that economic optimum fertilizer application can only be achieved by developing
appropriate fertilizer recommendation that takes into consideration the nutrient status of individual field.
Currently there are no site-specific fertilizer recommendations for the different soil-crop climatic
conditions. Understanding soil fertility status and plant nutrients requirement of a given area has vital role
in enhancing crop production and productivity on sustainable basis. Nevertheless, little information is
available in Oromia in general and Buno Bedele Zone in particular on essential plant nutrients
requirement for wheat production. The prevailing blanket fertilizer rate recommendation throughout the
country on all soil types and agro ecological zone justifies the existence of little information on the
fertility status of Ethiopia’s soils. This situation calls for assessment of both agronomic and nutrient rate
determination is very important to increase crop productivity and production to feed the rapidly growing
population. Therefore the objectives of the study were to assess and determine P critical level and P-
requirement factor; and give recommendations and guidelines of phosphorus fertilizer for bread wheat
production in Chora District.

Materials and Methods

Description of the study area

The trial was conducted on-farm in Chora District, Buno Bedele Zone, West Oromia, located 536 km
west of Addis Abeba along the main road from Bedele to Metu between 08°21’ to 08°31' N latitude
and 036%5’ to 03613’ E longitude. The mean annual rainfall and temperatures of the district ranged
from 1000-1500 mm, and 15-31°C, respectively. Altitude range is from 1000-2060masl and soil type of
the district is dominated by Nitisols. The economy of the area is based on mixed cropping system and
livestock raring agricultural productions system among, which dominant crops (teff, maize, sorghum and

wheat), horticultural crops (coffee, avocado and spices).

Soil sampling and analysis

The trial was conducted on farmers’ fields in the district. Twenty sites were selected and composite
surface soil samples (0-20 cm) were collected from each site before planting to determine soil pH (H20)
with 1:2.5 soil to water ratio, and available P (Olsen method). Similarly, after 21 days of planting,
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intensive composite soil samples were collected from each plot to analyze available P content in the soils,
which serves to determine P critical level and P-requirement factor.

Treatments, experimental designs and procedures

On-farm trial was conducted in the district during the main cropping seasons, 2014-2016 to determine P-
critical level and P-requirement factor for P rate recommendation for bread wheat using Digalu variety.
Factorial combination of four levels of N (0, 46, 92 and 138 kg N/ha) and four levels of P (0, 20, 40 and
60 kg P/ha) were arranged in RCBD with three replications in the first year to determine N rate. Seven
levels of P (0, 10, 20, 30, 40, 50 and 60 kg P/ha) and 138 kg N/ha were applied in the second and third
years to determine P critical level and P-requirement factor. The experimental fields were prepared by
using oxen plow in accordance with conventional farming practices followed by the farming community
in the area where, the fields were plowed four times. The gross plot size was 5m x4.8 m with 5m x 3.2 m.
net plot. DAP and TSP was applied at planting. Nitrogen was applied at 30 days after emergency in the form
of urea. During the different growth stages of the crop, all the necessary field management practices were
carried out as per the practices followed by the farming community. Grain yield was analyzed using SAS
computer package version 9.1.

Determination of phosphorus critical level and P-requirement factor

Phosphorus critical level was determined following the Cate-Nelson graphical method where soil P values
were put on the X-axis and the relative yield values on the Y-axis (yield x 100/maximum yield). The
Cate-Nelson graphical method is based on dividing the Y-X scatter diagram into four quadrants and
maximizing the number of points in the positive quadrants. The positions of the lines on the overlay with
respect to the axes of the graph were transferred to the graph by making marks on the edges of the graph.
The two intersecting lines were then drawn lightly on the graph. The point where the vertical line crosses
the X-axis is defined as “critical soil test level’.

Phosphorus requirement factor was calculated using available P values in soil samples collected and
analyzed from each unfertilized and fertilized experimental plot, after that the relation between each
fertilizer rate and averaged corresponding soil test P value for each fertilizer rate was calculated.

Results and Discussion

Soil reaction (pH) and available phosphorus

The pH (H20) values of the soil samples collected before planting were ranged from 4.20 -5.27 (Table 1).
Accordingly, the soils were strongly acidic in reaction (FAO, 2008). Continuous cultivation and long-
term application of inorganic fertilizers lower soil pH and aggravate the losses of basic cations from
highly weathered soils (Mokwunye et al. 1996). The result showed that soil pH affects wheat production
which is less than pH of the wheat requirement. Available P contents of the soils were very low ranged
from 0.62-3.01 ppm (Table 1), similar with reports of Olsen et al. (1954). The low contents of available P
observed in the soil of the study areas are in agreement with the results reported by Mesfin (1998).
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Table 1. Initial soil pH and available phosphorus content before planting in Chora District

Site pH (H20) Available P(ppm)

1 5.27 2.07
2 4.66 1.16
3 4.65 1.31
4 4.67 2.23
5 4.84 1.50
6 4.88 1.23
7 4.62 1.16
8 4.50 0.62
9 4.42 3.01
10 4.25 1.53
11 4.75 1.10
12 4.20 0.79
13 4.55 1.59
14 4.38 0.63
15 4.27 1.68
16 4.58 2.46
17 4.44 0.79
18 4.84 2.87
19 4.56 0.80
20 4.32 1.03

Average 1.48

A /\ /\ /\ = Available P(ppm)

AVAVAV%" —— Available pH(H20)
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Figure 1. Soil pH and initial Phosphorus status in sites of Chora District
In general, while available P values were oscillated between one and three, soil pH were between four and

five (figure 1). This indicated that at low soil pH (acidic media) phosphorus is not available to plants.
Ethiopian agricultural soils particularly the Nitisols and other acid soils have low available P content due
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to their inherently low P content, high P fixation capacity, crop harvest and soil erosion (Yihenew, 2002;

Dagne, 2012)

Nitrogen rate determination

The main and interaction effects of both N and P fertilizers were significant (P < 0.05) for bread wheat
grain yield. The highest grain yield (3083 kg ha™) was at NP combination rates of 138 kg N ha™* and 60
kg P ha, while the lowest yield (931 kg ha™) was from the control plot (without fertilizer) (Table 2).
However, NP combination rates of 138 kg N ha™ and 60 kg P ha™, and 138 kg N ha™ and 40 kg P ha*
were not significantly different (Table 2). As levels of P was changed the levels of N was not changed.
Therefore, 138 kg N ha™ was N rate recommended for bread wheat production in Chora District.

It is essential to know the best level of nitrogen application to getting higher crop yield so that better
benefits could be achieved (Arif et al., 2010). N plays an important role in crop life. It is one of the most
important nutrients needed by plants in large quantities. Its availability in sufficient quantity throughout
the growing season is essential for optimum crop growth. It also mediates the utilization of phosphorus,

potassium and other elements in plants (Brady and Weil, 2002).

Table 2. Interaction effect of N and P rates on grain yield of bread wheat variety Digalu (kg ha™) in 2014

cropping season, Chora District

P rate (kg ha?)

N rate (kg ha?) 0 20 40 60 Mean
0 931f 1245° 1280° 1569° 1256
46 1225° 2032¢ 2181% 2153% 1898
92 1403° 2380 2440 2590° 2203
138 1435° 2669° 2776% 3083? 2491
Mean 1248 2082 2169 2349

LSD 401

CV (%) 31.1

Note: Means with the same letters are not significantly different at P <0.05

Phosphorus critical level and P-requirement factor

The results showed that for bread wheat production in Chora district, determined P-critical level was 3.8

ppm (Figure 1) and P-requirement factor was 30.28 (Table 2).
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Figure 2. Phosphorus critical level for bread wheat in Chora District
Table. 3. Phosphorus requirement factor for bread wheat in Chora District
Fertilizer P P- increase P- requirement
applied Olsen P (ppm) over factor (Pr)”
(kg P/ha) control
0 1.48 - -
10 2.26 0.78 12.82
20 2.30 0.82 24.39
30 2.46 0.98 30.61
40 2.63 1.15 34.78
50 2.85 1.37 36.50
60 2.89 1.41 42.55
30.28

Conclusion and Recommendations

The soil reaction pH (H20) values of the study area were strongly acidic; and very low available
phosphorus content in the soils. The highest grain yield was obtained from nitrogen rate (138 kg N ha™).
Hence this N rate, phosphorus critical level (3.8 ppm) and P-requirement factor (30.28) were
recommended for bread wheat production in Chora District. Therefore awareness creation should be b for
farmers through verification and demonstration to adopt P critical level based P rate recommendation. To
sustain the current soil fertility status, integrated soil fertility management, soil amendment with lime,
crop rotation, and other practices can improve the current soil fertility situation of the district.
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Abstract

Soil test crop response based phosphorous calibration study was conducted on bread wheat during 2014-
2016 cropping seasons in Wuchale District. The objectives were to determine phosphorus critical
concentration (Pc) and phosphorus requirement factor (Pf) and economical N fertilizer level for bread
wheat in suitable growing areas of the district. The treatments were factorial combination of four levels
of N (0, 46, 92and 138 kg N ha) and four levels of P (0, 23, 46 and 92 kg P.Os ha™) in the first year to
determine nitrogen rate. Six levels of P (0, 23, 46, 69, 92and 115 kg P.Os ha') and 92 kg N ha*
treatments combinations were used in P-calibration trial in the second and third year to determine P-
critical level and P-requirement factor. The trial was laid out in randomized complete block design
(RCBD) in three replications. Intensive composite soil samples were collected after 21days of planting
from each treatment plot and the collected samples were analyzed for available P using Olsen method for
the correlation purpose. Economic nitrogen level was 92 kg N/ha. Accordingly, the determined P critical
level and P requirement factor for bread wheat in Wuchale district were 9.5 ppm and 14.25, respectively.

Keywords: Calibration, P Critical, P requirement factor, bread wheat

Introduction

Wheat (Triticum spp.) is one of the major cereal crops grown in the highlands of Ethiopia and this region
is regarded as the largest wheat producer in Sub-Saharan Africa (Efrem et al., 2000). In Ethiopia wheat
has become one of the most important cereal crops which ranking 4" in total grain production (3.92
million tons, 15.6%) and 4™ in area coverage (1.61 million hectare) next to teff, maize and sorghum
(CSA, 2014). However, the country is forced to import wheat every year since its productivity is minimal
due to depletion of nutrients and poor management practices (Gebreselassie, 2002). Despite the long
history of wheat cultivation and its importance to the Ethiopian agriculture, its average yield is still very
low, not exceeding 2.4 t ha™ (CSA, 2014) as compared to the world average 3.0 t ha™ (FAOSTAT, 2013).

Fertilization, particularly of the macro-nutrients such as nitrogen, phosphorus and potassium is a major
input in wheat production affecting yield and quality (Bacon, 1995). Thus, the choice of fertilizer type
and best varieties are one of the best recognized cultivation techniques which have large influence on
yield quantity and quality in wheat grain production.

Experimental results from nitrogen (N) and phosphorus (P) fertilizer trials on various field crops showed
that grain yields could be substantially improved with the application of N and P fertilizers. In Ethiopia,
particularly in the present study areas, low soil fertility is one of the factors limiting the yields of crops,
including wheat. It may be caused as a result of removal of surface soil by erosion, crop removal of
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nutrients from the soil, total removal of plant residues from farmlands, low or absence of fertilizer use and
lack of proper crop rotation program (Tamirie, 1982).

The results of several studies conducted on the status of P in Ethiopian soils indicated that most of the
soils studied require addition of P fertilizer for optimum growth and profitable production of most crop
plants (Sahlemedhin and Ahmed, 1983; Eylachew, 1987; Tekalign and Haque, 1987). The low vyield of
wheat in Ethiopia (1.84 tons per ha), is primarily due to depleted soil fertility, low levels of chemical
fertilizer usage and the unavailability of other modern inputs and crop management practices (CSA,
2011). Thus, managing of soil fertility is crucial for improving agricultural productivity on sustainable
basis and assuring food security both at national and household levels in the country. Hence, in order to
step up the productivity of wheat crop production, soil test based crop response fertilization is very
essential.

Soil test based fertilizer recommendation plays a vital role in ensuring balanced nutrition to crops.
Therefore, fertilizer application schedules should be based on the magnitude of crop response to applied
nutrients at different soil fertility levels (Santhi et.al. 2002). As in all other regions of the country, a
fertilizer recommendation in Wuchale district is also not based on soil test results. Hence, this study was
conducted with the objectives to determine the critical phosphorus concentration (Pc), phosphorus
requirement factor (Pf) and economical N fertilizer level for bread wheat on major soils of bread wheat
growing area of the district.

Materials and Methods

Description of the study area

The study area, Wuchale district is found in North Shewa Zone of Oromia at about 78 km distance North
West from Finfinne (Addis Ababa). It is geographically located between 9°18°00” to 9°46” 50” N and 38°
42°50” to 39° 07> 00” E. The district has an altitude ranging from 1800-2809m.a.s.l, and receives an
average annual rain fall of 2000mm. The annual average minimum and maximum temperature was about
13 and 25°C respectively. The soil of the study area is dominantly characterized by vertisols.

Experimental layout and design

The study was conducted in the district during the main cropping season 2014-2016 to determine P-
critical value and P-requirement factor for P-fertilizer recommendation of bread wheat for the district.
The treatments of the experiment were factorial combination of four level of N (0, 46, 92and 138kg N ha
1) and four level of P (0, 10, 20 and 40 kg P ha™) in the first year to determine nitrogen rate. Moreover,
single factor of six level of P (0, 10, 20, 30, 40 and 50 kg P ha™) and economic nitrogen level which was
determined in the first year (92 kg N ha™) treatments combinations were used in the P-calibration
experiment in the second and third year to determine P-critical value and P-requirement factor. The trial
was conducted in randomized complete block design (RCBD) in three replications on plot size 3m*4m
=12 m% Improved bread wheat variety Danda’a was used for the trial.
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Figure 1. Location map of the study area

Experimental procedures

Composite soil sample were collected from 41 farmers field during two experimental years from the
district following the standard procedures. After soil physical and chemical analyses have been
completed, twenty one (21) farmers’ fields (10 and 11 farmers’ for 1% and 2™ year, respectively) for the
districts were selected based on initial phosphorus concentration categories (low, medium and high). The
trial was laid down in RCBD in three replications. After twenty one days of planting, intensive composite
soil samples were collected from each treatment plot by replication and the collected samples were
analyzed for available P using Olsen method for the correlation study.

Determination of phosphorus critical and requirement factor

Phosphorus critical value was determined following the Cate-Nelson graphical method where soil P
values were put on the X-axis and the relative yield values on the Y-axis. The average yield was adjusted
reducing by 10% to minimize over estimation of grain yield while converting yield of small plot to
hectare base. The Cate-Nelson graphical method was based on dividing the Y-X scatter diagram into four
guadrants and maximizing the number of points in the positive quadrants while minimizing the number of
points in the negative quadrants (Nelson and Anderson, 1977).

Phosphorus requirement enables to determine the quantity of P required per hectare to raise the soil test
by 1ppm, and to determine the amount of fertilizer required per hectare to bring the level of available P
above the critical level. It was calculated using available P values in samples collected from unfertilized
and fertilized plots. Phosphorus requirement factor is the amount of P in kg needed to raise the soil P by
1ppm, which is equal to
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P applied

Pf =
/ change in soil P

Using P requirement factor, P critical level and initial P values rate of p-fertilizer to be applied was
calculated as follows.

Rate of P-fertilizer to be applied= (critical P concentration-initial P value) x P requirement factor

Data collection

During field experiment the agronomic data collected were planting date, emergence date, plant height,
plant population/m?, maturity date, grain and biomass yield.All agronomic and soil data collected across
locations were subjected to analysis of variance using R software program. Least Significant Difference
(LSD) at 5 probability level test was used for mean separation for significant treatments.

Result and Discussion

Determination of nitrogen rate

Optimum yield can be obtained in the presence of all available essential nutrients at balanced and
optimum level where phosphorus and nitrogen are the most deficient and essential nutrient in the country.
Therefore determination of nitrogen fertilization level during P-fertilizer calibration is the most important
procedure. Hence, determination of optimum nitrogen level was done by economic analysis, andh was 92
kg N/ha for bread wheat in Wuchale District.

Determination of P-critical and P-requirement factor

The Cate-Nelson graphical method was employed to determine the P-critical point. The P-critical
concentration above which the response of crop to applied P become minimal was 9.5 ppm. Phosphorus
requirement factor is the amount of P in kg needed to raise the soil P by 1ppm. Phosphorus requirement
enables to determine the quantity of P required per hectare to raise the soil test by 1ppm, and to determine
the amount of fertilizer required per hectare to bring the level of available P above the critical level. It was
calculated using available P values in samples collected from unfertilized and fertilized plots. Phosphorus
requirement factor is the amount of P in kg needed to raise the soil P by 1ppm, which is equal to

P applied

Pf =

~ change in soil P
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Table 1. Phosphorus requirement factor (Pf) for bread wheat in Wuchale District

P fertilizer applied | Available P (ppm) P level increase over the P requirement
(kg P ha) (Olsen method) control (Olsen method) factor (Pf)
0 9.30 - -
10 10.07 0.77 10/0.77=12.99
20 10.48 1.18 20/1.18=16.95
30 11.85 2.55 30/2.55=11.76
40 11.63 2.33 40/2.33=17.17
50 13.37 4.07 50/4.07=12.29
Mean 14.23

Accordingly, the determined P-requirement factor for the district was 14.23.

Conclusion and Recommendations

Soil test crop response based P calibration study in Wuchale District resulted in determination of
economical N level, P critical and P-requirement factor (Pf) for the distric. Accordingly, economical
nitrogen rate (92 kg N/ha), phosphorus critical level (Pc) (9.5ppm) and phosphorus requirement factor
(Pf) (14.23) were determined for bread wheat production in Wuchale district, which could be used for
similar agro-ecology in the district. Therefore, verification and demonstration of the determined Pc and Pf
recommendation should be prerequisite for awearness creation and farmers’ adoption to soil test crop
response based fertilizer recommendation to increase bread wheat productivity and production in the
district.
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Abstract

On-farm verification trial of soil test crop response based phosphorus recommendation for bread wheat
was conducted in Wuchale District of North Shewa Zone in 2017 cropping season using recommended
nitrogen rate (92 kg N/ha), P critical (9.5 ppm) and P-requirement factor (14.23).The verification trial
was initiated to verify P critical and P-requirement factor for bread wheat. Three treatments were used,
control (without fertilizer (T1)), farmers’ practices (blanket recommendation) (T2) and soil test crop
response based phosphorus recommendation (T3) using improved bread wheat variety Danda’a. The trial
was conducted on nine farmers’ fields which were used as replications. Plot size was 10m*10m for each
treatment. Bread wheat grain yield (kg/ha) was affected by different fertilizer rates used as treatments.
The highest grain yield (2729 kg/ha) was resulted with soil test crop response based P recommendation.
It was significantly higher than the farmers’ practice (1892 kg/ha). Similarly economic analysis for these
different treatments indicated that soil test crop response based P recommendation was economically
feasible for bread wheat production in the district.

Keywords: Soil test based, blanket recommendation, P critical, P-requirement factor, bread wheat

Introduction

Ethiopia is one of sub-Saharan Africa countries where severe soil nutrient depletion and low agricultural
production as well as economic growth are observed even though the country has potentially rich in land
resource. Most Ethiopian soils are deficit in nutrients, especially nitrogen and phosphorus and fertilizer
application has significantly increased yields of crops (Tekalign et al., 2001). However, the amount of
this element in available forms in the soil is small, while the quantity withdrawn annually by crops is
comparatively large (Brady and Weil, 2002). Nitrogen is the major nutrients affecting wheat yield and
quality (Bacon, 1995). Several reports have also indicated that increased usage of N fertilizer is
considered a primary means of increasing wheat grain in Ethiopia (Asnakew et al., 1991; Tanner et al.,
1993; Amsal et al., 2000).

Phosphorus (P) has long been known to be an essential element in the nutrition of plants. It plays an
essential role in many physiological and biochemical processes (Mathews et al., 1998). Phosphorous has
a lower mobility than any other nutrients and it does not remain in a free state for long in which it is
slowly available to plants (Parnes, 1990). Plant P uptake is influenced by P supply, characteristics of the
soil and P requirement of crop plants. There are several reports that signify the role of P application in the
enhancement of yield and yield components of wheat. (Daniel et al., 1998) reported readily availability of
P during early season which saved the plants from early stresses and its higher uptake at higher levels
resulted into enhanced number of grains per spike and 1000-grain weight due to its involvement in grain
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formation and development. Moreover, (Asnakew et al., 1991) stated that the effect of P on grain yield
was highly significant with a general increase in yield as the level of P,Os increased up to 69 kg ha™

The low yield of wheat in Ethiopia (1.84 tons per ha), is primarily due to depleted soil fertility, low levels
of chemical fertilizer usage and the unavailability of other modern inputs and crop management practices
(CSA, 2011). In Ethiopia, particularly in the present study areas, low soil fertility is one of the factors
limiting the yields of crops, including wheat. It may be caused as a result of removal of surface soil by
erosion, crop removal of nutrients from the soil, total removal of plant residues from farmlands, low or
absence of fertilizer use and lack of proper crop rotation program (Tamirie, 1982).

Managing of soil fertility is crucial for improving agricultural productivity on sustainable basis and
assuring food security both at national and household levels in the country. Hence, in order to step up the
productivity of wheat crop production, soil test based crop response fertilization is very essential. Soil test
based fertilizer recommendation plays a vital role in ensuring balanced nutrition to crops. Therefore,
fertilizer application schedules should be based on the magnitude of crop response to applied nutrients at
different soil fertility levels (Santhi et.al. 2002).

Application of Urea and DAP fertilizers has been adapted through extension program in the Ethiopia.
However, the blanket recommendations have been used for long years, regardless of considering physical
and chemical properties of the soil as well as does not taken in to account climatic condition and available
nutrient present in the soil (Taye Bekele et al., 2000). Accordingly, 100 Kg/ha of DAP and 100 Kg/ha of
Urea were set by the Ministry of Agriculture and Rural Development. However, for many years no
studies have been conducted on site specific fertilizer recommendation rate. As in all other regions of the
country, a fertilizer recommendation in Wuchale district is also not based on soil test results.

Accordingly, to give soil test based fertilizer recommendation soil test crop response based phosphorus
calibration study was conducted in Wuchale District on bread wheat in 2014-2016 cropping season and
optimum nitrogen rate (92 kg N/ha), P critical (9.5ppm) and P-requirement factor (14.23) were
determined. Therefore, the objective of this trial was to verify P critical and P-requirement factor for
bread wheat comparing with farmers’ practices.

Materials and Methods

Description of the study area

The study area, Wuchale District, is found in North Shewa Zone of Oromia at about 78 km distance north
west from Finfine (Addis Ababa). It is geographically located between 9°18°00” to 9°46° 50” N and 38°
42°50” to 39° 07> 00” E. The district has an altitude ranging from 1800-2809m.a.s.l, and receives an
average annual rain fall of 1000 mm. The annual average minimum and maximum temperature was about
13 and 25°C respectively. The soil of the study area is dominantly characterized by Vertisols.
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Figure 1. Location map of the study area

Experimental design and layout

The verification trial was conducted in 2017 main cropping season. Three treatments were control
(without fertilizer (T1)), farmers’ practices (blanket recommendation) (46 kg N and 46 kg P.Os ha™®)
(T2)), and soil test crop response based phosphorus recommendation (T3) with recommended nitrogen
rate (92 kg N ha™). The trial was conducted on nine farmers’ fields which were used as replications.
Sources of fertilizer for N and P were urea and DAP. Improved bread wheat variety Danda’a was used in
the trial. Plot size was 10m*10m (100m?) for each treatments and 150 kg ha™ seed rate was used. All
cultural practices were done as per farmer’s practices of the area.

Soil sampling and analysis

Prior to planting time, surface composite soil samples were collected from the farmer’s field for available
P analysis at a depth of 0-20cm. The collected samples were properly labeled, packed and transported to
Fitche soil research center’s laboratory for analysis. A total of 20 composite soil samples were collected
and 9 farmer’s field having initial available phosphorus below critical concentration determined for the
district were selected to conduct the experiment. Then Phosphorus fertilizer requirement were calculated
for each farmer by using the formula:

Phosphorus fertilizer rate (kg/ha) = (Pc-Pi)*Pf;

Where, Pc-phosphorus critical level 9.5 ppm, Pi- Initial available phosphorus, Pf-phosphorus requirement
factor 14.23 for Wuchale District
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Data collection and analysis

During field trial agronomic data collected were planting date, emergence date, plant height, plant
population/m?, maturity date, grain and biomass yield. All agronomic data collected across locations were
subjected to analysis of variance using R software program. Least Significant Difference (LSD) at 5
probability level test was used for mean separation for significant treatments.

Economic analysis

Marginal rate of return (MRR) was calculated both for farmers practice and soil test based values by
using the formula given blow.

MRR = NetIncome From Fertilized Field — Net Income From Unfertilized Field
Total Variable Cost From Fertilizer Application

Total variable cost is a cost incurred due to application of P fertilizer (both but in separate of Soil test
based P calibration result and farmers’ fertilizer rate) with the assumption that the rest of the costs
incurred are the same for all treatments. Gross income is obtained by multiplying mean grain yield
(kg/ha) of each treatment by the price of one kg of the grain. Net income is calculated by subtracting the
total variable cost from the gross income. To use the marginal rate of return (MRR) as basis for fertilizer
recommendation, the minimum acceptable rate of return (MARR) was set to 100%.

Results and Discussion

Grain yield

Wheat grain yield was affected by different fertilizer rates as presented in Fig 1. According to analysis of
variance, the result of the trial conducted in Wuchale District indicated significant difference (p <0.05)
among different fertilizer rates. The highest grain yield (2729 kg/ha) was resulted with soil based test P
recommendation which was significantly higher than the farmers; practice (1892 kg/ha).

rain yield(Kg/ha)
c
3 %oo 1 BMY(Kg/ha)

Control Blanket Soil test based

Fertilizer rate Grain yield
(kg/ha) i i

Fig. 1. Bread wheat grain yield (kg/ha) as affected by different fertilizer rates
Bar graphs with the same letters are not significantly different from each other at P<0.05
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Economic analysis

To estimate the economic significant of the different fertilizer rates, partial budget analysis (CIMMYT,
1988) was employed to calculate the marginal rate of return (MRR) to investigate the economic feasibility
of treatments. Based on actual unit prices during the year 2016 harvesting season (personal observation)
farm gate price of 10ETB (Ethiopian Birr) per kg of wheat, 14.5 &10.4 Birr per kg of DAP & Urea,
respectively (Table 1) were used to calculate variable cost.

Table 1. Partial budget analysis

Fertilizer | Variable Unit TVC Mean Wheat | Unit Gross Net MRR
0 | rate Input (kg/ha) | price(ETB) grain yield price Income | Income (%)
(koha)  "BAP T Urea | DAP | Urea (kg/ha) (Birr)
1| Control | 0 0 | 145 | 104 0 854.2 10 8542 8542

2 Farmer 100 100

3 | Soil test 224 112

NB: TVC-= total variable costs; MRR = Marginal rate of return

The Marginal rate of returns (MRR) were found to be 325% for soil test based P fertilizer rate and
317% for farmers’ practice as indicated in Table 1. The economic analysis showed that the highest net
income (22,877 Birr) was obtained from soil test based P recommendation with marginal rate of return
(325%) which is greater than the minimum rate of return (MRR) 100% (CIMMT, 1998). Based on this
result, partial budget analysis indicated that soil test based P recommendation is economically feasible for
bread wheat production in the district.

Conclusion and Recommendations

From the verification trial of recommended nitrogen rate (92 kg N/ha), P critical level (9.5ppm) and
phosphorus requirement factor (14.23), the economic analysis showed that the highest net income (22877
Birr) was obtained from soil test based P recommendation with marginal rate of return (325%) which is
greater than the acceptable minimum rate of return (100%). Using recommended nitrogen rate (92 kg
N/ha) and soil test based phosphorus recommendation increased grain yield of bread wheat. Accordingly
the highest grain yield was 2729 kg/ha with 44% yield advantage over blanket fertilizer application.
Based on this result, soil test based P recommendation is economically feasible for bread wheat
production in the district.

The recommended nitrogen rate (92 kg N/ha), established P critical level (9.5ppm) and P-requirement
factor(14.23) in conjunction with soil test P critical value can be used to give soil test crop response based
P recommendation for bread wheat in Wuchale District. Therefore, demonstrating the determined Pc and
Pf for wider promotion to farmers should be followed for adoption of the P recommendation technology
to increase bread wheat productivity and production in the district.
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Abstract

The assessment of farmers’ used composts for different nutrient contents and quality for agricultural
purpose was made in different districts of East Shewa (Ada’a and Boset) and West Arsi (Arsi Negele) of
Oromia. The objective was to assess the nutrient contents of farmers’ prepared and used composts,
maturity status of composts, method used to prepare and dominant raw materials used as a source of
composting in different agro-ecologies. A total of 120 matured compost samples were planned to be
collected from these three districts for laboratory analysis but because of compost shortage from selected
farmers and even from selected kebeles as well as non-selected kebeles, only 52 samples were collected.
Sampling of farmers was made systematically by selecting two districts from each zone, five kebeles from
each district and 8 farmers from each kebele after detail discussion with agricultural development office
at zonal and district levels, and development agents working in the respective kebeles. Researchers went
to kebele of each farmer and collected information according to questioner developed and took a kilo of
compost sample from each representative farmer’s compost preparation sites. The collected samples were
analyzed at Batu Soil Research Center laboratory following the standard procedures for required
parameters compost pH, EC, percent total nitrogen, percent organic carbon, available phosphorus and
potassium. Finally the analyzed compost samples for required parameters were compared with existing
established standard compost quality parameters. Accordingly based on all parameters required for
quality and nutrient content analysis, nutrient contents and quality of farmers’ used composts for crop
production were not met the standard. This could be due to raw materials used and thier proportion,
standard composting process and storage condition that were not according to guideline provided and
lack of close supervision and guidance by local development agents.

Keywords: Compost, nutrient, assessment, quality

Introduction

Sustainability issues in agricultural policy are becoming of a high concern worldwide as it reflects the
needs of long term fertility and environmental protection. Ethiopia is an agrarian country that depends on
agricultural production for the growth of the national economy. The agricultural sector accounts for
nearly 46% of gross domestic product (GDP) and close to 80% of export earnings and 73% of total
employment (ATA, 2013). The sector is mainly operated by small holder farmers that directly rely on
agriculture for their food supply and cash income. But currently growth in food production is not in equal
footings with population pressure (CSA, 2015); because increased productivity in the agricultural sector
has been constrained by high population pressure, deforestation and resource base degradation, soil

73



erosion and soil fertility depletion (Lemenih et al., 2005a; Feoli et al., 2002; Tadesse, 2001; Shiferaw &
Holden, 1999; Hurni, 1988). In addition common problem with soil erosion and soil fertility depletion is
due to lack of sustainable Land use systems in the country.

Therefore, in order to accomplish the necessary agricultural intensification, soil fertility management
practices should get an attention. While, a more sustainable management of the soil resource can be
achieved through improved agricultural management such as crop rotation with N-fixing legumes,
addition and recycling of nutrients and erosion control. On the other hand, in order to attain food self-
sufficiency and achieve the desired long-term economic growth, the decline in soil fertility need to be
halted and land use intensification need to be accompanied by sufficient external nutrient inputs to
compensate for the nutrient removal through harvested products and losses (Mugwe et al., 2009). Hence,
direct addition of nutrients can be done through mineral fertilizer or organic inputs such as manure and
compost, or through combination of both nutrient sources. That means compost is another important
alternative source of plant nutrients (Ngwira et al., 2013; Odlare et al., 2011; Vanlauwe et al., 2011) that
required for soil fertility management in the process of agricultural intensification.

Compost is the final output of composting process or a rich, humus-like material formed when organic
wastes decomposed under controlled conditions. Or Compost also defined as a homogenous and friable
mixture primarily composed of stabilized (no longer decaying) organic matter. On the other hand,
composting is the natural process of ‘rotting’ or decomposition of organic matter by micro-organisms
under controlled condition, which resulted in a reduction of the volume of organic material, destruction of
weed seeds and sanitation through reduction of harmful pathogens. Raw organic materials such as crop
residues, farm yard manure, green weeds, animal wastes, food garbage, some municipal wastes and
suitable industrial wastes enhance their suitability for application to the soil as fertilizing resources, after
having undergone composting. Soil organic matter plays an important role in sustaining soil fertility, and
hence in sustainable agricultural production. In addition to being a source of plant nutrition, it improves
the physico-chemical and biological properties of the soil. As a result of these improvements, the soil
becomes more resistant to stresses such as drought, disease and toxicity; helps the crop in improved
uptake of plant nutrients; and possesses an active nutrient cycling capacity because of vigorous microbial
activity, and allowing root growth. Addition of compost to soil is also an effective treatment for
increasing rhizosphere aggregate stability (Caravaca et al., 2001). Because compost adds organic matter,
particularly carbohydrates, to the soil, the factor most closely related to soil aggregate stability (Albiach et
al., 2001). These advantages manifest themselves in reduced cropping risks, higher yields and outlays on
inorganic fertilizers for farmers.

The advantage that redder depends on the quality of compost prepared under controlled condition, i.e.,
quality compost should be required to meet the advantage. This quality composition is pre-determined by
the nature of the raw materials which are used to make up the compost, and by the manner in which these
materials are treated during the composting process. Hence this quality could be measured or detected
based on its C: N ratio, macro and micro nutrient content, texture, level of foreign materials, weeds and
etc. Similarly, the properties of immediate importance in judging compost quality for improving soil
structural quality are maturity, salinity, sodicity, soluble N concentration (nitrate and ammonia), boron
(B) concentration, heavy metal concentrations, and presence of pathogens.
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Generally, compost offers benefits such as enhanced soil fertility (because organic inputs replenish SOM
fractions that contain different soil micro- and macronutrients) and soil health that increased agricultural
productivity, improved soil biodiversity reduces ecological risks and a better environment (SOM is also
known to improve soil structure and water holding capacity). While combined use of these often scarce
resources (inorganic and organic fertilizers) has the potential of replenishing soil fertility, maintaining
SOM and thereby enhancing productivity (Vanlauwe et al., 2011). Despite all these benefit rendered by
organic recycling, many farmers, especially those in developing countries find themselves at a
disadvantage as they fail to make the best use of organic recycling opportunities. This may be because of
lack of knowledge on efficient speedy technology, long time spans, intense labor, land and investments,
resources (raw material) and economic factors. In addition to mentioned reason, although organic inputs
are potential sources of plant nutrients and have beneficial effects on soil fertility, there is competition
from alternative uses of these resources; both manure and crop residues are used for fuel and crop
residues are also used as animal feed and for construction (Abegaz & van Keulen, 2009; Haileslassie et
al., 2005).

Even though, the reality of failer to make the best use of organic recycling of developing countries,
including Ethiopia, different agricultural development bureau report indicates the presence of unorganized
beginning of activities for organic recycling in different zones of Oromia, attempting to
supplement/replace the use of inorganic fertilizers. But there is no available information concerning the
standard preparation process and quality of composts used by farmers.

Therefore, this study was initiated to fill the gap by assessing the quality of currently used composts in
Oromia with the objectives (1) to assess the nutrient contents of currently used composts prepared from
diversified material sources for agricultural purpose, (2) know the maturity status of composts used for
crop production, (3) know type of composting practices, (4) assess dominant raw materials used as source
of composting in different agro-ecologies, and (5) make database for composts prepared by farmers.

Materials and Methods

Description of the study area

The assessment of currently used composts for its nutrient content and quality for agricultural purpose
was conducted in different districts of East Shewa (Adaa and Boset) and West Arsi (Arsi Negele) of
Oromia those found 48, 130 and 220 km toward East and South directions from Finfinne, capital city of
Oromia. Geographically the study areas Ada’a, Boset and Arsi-Negele districts are located between
38%46°56” E - 39°11°30” E and 8°33°7” N-8°57°13” N, 39°14°1” E-39°49°54” E and 8°24°18” N-
8°50°55” N, and 38%22°55.4” E-38%57°32” E and 7°8°45” N-7°44°1.7” N, and altitude ranges are from
1702-2511, 1109-2276 and 1559-3032masl, respectively.
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Figure 1. Maps of locations in the study areas
Compost sampling

A total of 120 matured compost samples were planned to be collected from these three districts for
Laboratory analysis. The procedure followed was, first two districts from each zone and five kebele from
each districts were selected after detail discussion with Agricultural Development Office at zonal and
district level, respectively. Then after, selection of 8 farmers from each kebele was made systematically in
order to represent the districts and time of sample collection was also scheduled, after detail discussion
with development agent found in the respective kebele. Finally, according to schedule researchers’ move
to the village of each farmer and collected information according to questioner developed. Then a kilo of
samples of compost were collected from compost preparation sites of each representative farmer’s. The
compost samples were labeled and taken to laboratory for farther analysis for the required parameters;
however, because of shortage of composts from selected farmers and even from selected kebeles as well
as non-selected kebeles, only 52 samples were collected (Figures 2 and 3). The big challenges
encountered during samples collection was development agent and farmers perception of compost, i.e.,
they consider any collected animal and home wastes as compost (Figures 4 and 5).

2 &‘« o )5 @f‘i‘ 2 )
Flgure 2 Compost preparation S|te
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Figure 4. Collected slurry and animal feeds left over considered as compost
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Figure 5. Collected ash, house and animal wastes over long time and considered as compost

Compost samples analysis

Based on laboratory analysis capacity and standard methods, collected compost samples were analyzed
for different parameters. First the received composite compost samples were prepared for analysis, which
included air drying, removing foreign materials mixing each sample well and Sieving of samples
separately to have required aggregate size using 0.2mm mesh size. Then after, Compost pH was
determined potentiometrically in a slurry system using an electronic pH meter in 1:5 compost water
ratios. Compost salinity (concentration of soluble inorganic salts in the compost) was also measured from
compost sample with water (1:5 compost: water ratio) by electrical conductivity (EC) using a
conductivity bridge. Finally the analyzed composts for required parameters were compared with existing
established standard compost quality parameters by different authors.
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Results and Discussion

Inorganic chemical fertilizers that carry a label by law must declare their N-P-K (nitrogen - phosphorus-
potassium) content according to rules established more than half a century ago. However, compost, a
product that contains nutrients and organic matter, is not subject to any systematic rules for reporting its
content, its qualities or potential risks. There are no labeling rules, and no published guidelines to
establish such rules. The idea that compost is significantly different from inorganic fertilizers is not new;
however, until recently the unique properties of compost were overlooked and instead compost has been
generally classified as a nutrient-poor "soil amendment". Because of this, there is no simple way to give a
summary concerning compost quality standards as they exist in the world. Therefore, this paper tried to
present selected nutrient contents of currently used composts with some comparison using variety of
established and published standards.

The composition of compost determines the suitability of the material for a particular task and the
maximum amount that can be applied. About half of most forms of commercial composts consist of
carbon and much of the remaining half is O, and H.. There are also lower amounts of N, P, and a large
variety of other constituents. The composition of these lower constituents depends on the source materials
used for preparing compost (Table 1). For example, materials with good nitrogen content help in making
good compost, but they should be less than the carbon-containing materials. Carbon containing materials
should always be more than those containing high nitrogen, i.e., a ratio of 2:1-3:1 are the best (Edwards
and Hailu, 2011).

Table 1. Dominant raw materials used by farmers for compost making

No. District Dominant raw materials Method Remark

1 Ada’a Crop residue, Slurry, green leaf, ash | Pit method Only one person
(according to guideline)
Slurry and left cattle feed (simply Pit method Some of them
mixing, no proportion)
Slurry collection in pit and drying «“ Some

2 Boset Collected animal dug, home west and Hip method Most of them
home used wood ash over the year

3 Arsi Negele | Crop residue, Slurry, green leaf, ash Pit method Few people
(according to guideline)
Slurry and left cattle feed (simply Pit method Some of them
mixing, no proportion)
Slurry collection in pit and drying «“ Some

Having this understanding, assessment of nutrient contents of currently used composts for crop
production in East Shawa and West Arsi zones of Oromia was made in systematically selected three
districts Ada’a, Bosat and Arsi Negele. The assessment depended on few parameters compost pH, electric
conductivity (EC), total nitrogen (TN), organic carbon (OC), available phosphorus, available potassium,
organic matter (OM) and carbon to nitrogen ratios (C: N ratio). The laboratory analysis results of
collected compost samples from selected farmers of three districts are depicted in Table 2.
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Compost pH

pH is a numerical measure of the acidity or alkalinity of the soil. The pH scale ranges from 0 to 14 with a
pH of 7 indicating neutrality. Based on laboratory analysis results the pH of compost samples collected
from farmers of Boset, Arsi-Nagale and Ada’a districts were ranged from 7.56 to 9.14, from 7.45 to 9.45
and from 5.96 to 9.72 while the average was 8.23, 8.35 and 7.84, respectively (Table 2), which were
mostly in the alkaline range. According to FAO (2015) and The Pennsylvania State University (2009)
most compost has a pH between 6 and 8. While Bord na Mona, (2003) recommends the agricultural
compost should fall between a range of pH from 6.9-8.3 as an indication of relative stability. Products
derived from wood residuals or peat moss can have pH values as low as 4.5, while manures are frequently
alkaline (pH 8.0-8.5). Similarly use of ashes in compost making increase pH levels, since wood ash is
derived from plant material that contains most of the 13 essential nutrients the soil must supply for plant
growth. When wood burns, nitrogen and sulfur are lost as gases, and calcium, potassium, magnesium and
trace element compounds remain constituting 25 % calcium carbonate, which makes them quite alkaline
(pH greater than 7.0) by nature.

So, when we compare the assessment result with these standards most of investigated compost samples
have high pH value above neutral (pH 7). This could be, as evidenced during survey, a result of high
proportion of animal manures and home used wood ashes in the process of compost preparation. Since
high pH enhance ammonia volatilization, lowering the pH value of compost help to reduce the problem of
ammonia volatilization and reduce odours (woods End Research laboratory,1998).

Electrical conductivity

Soluble salt concentration is the concentration of soluble ions in solution. It is usually expressed as
electrical conductivity (dS/m or millimhos per centimeter) of a saturated extract of either soil or compost.
That means, electrical conductivity is used to measure the amount of nutrients in the compost that are in
the form of salts. Since nutrients occur in compost as salts, high EC may also indicate high levels of
nutrients, particularly potassium, calcium and nitrogen typically account for most of the salinity in
compost products. Soluble nutrient, Sodium (NaCl) is an undesirable soluble salt (The Pennsylvania State
University, 2009).

Accordingly the EC of analyzed compost samples collected from Boset, Arsi-Nagale and Ada’a districts
of Oromia Region were ranged from 1.27-12.61(average 6.26 mmhos/cm at 25 °C), from 0.22-9.86
(average 3.677 mmhos/cm at 25 °C) and from 0.18-11.67 (average 5.03 mmhos/cm at 25 °C), respectively
(Table 2). As evidenced during survey, this could be the dominance of wood ash and animal dung in the
proportion of composting material. The results indicated that most of the representative compost samples
had EC values’ above 3.5mmhos/cm at 25 °C, which was above permissive level for use as soil
amendments material, especially for alkaline soils and salt sensitive crops (FAO, 2015; Australian
Standard for Composts Soil Conditioners and Mulches, 2010). Similarly, according to Tognet et al,
(2007), the Electric conductivity of matured compost should only range from 1-3 mmho/cm
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Nutrient content

Although the nutrient content of compost is low compared to synthetic fertilizer products, the most
essential nutrients in composts are inorganic forms which are released slowly and are less subjected to
leaching compared to inorganic fertilizers (Larney et al., 2008). Therefore, the incorporation of compost
derived from biogenic household and garden waste to soil increseases soil carbon and nitrogen
concentration (Lefied et al., 2002). Hence, the most commonly required nutrients are nitrogen,
phosphorus and potassium. Composts are often analyzed for total and available nutrients. However,
available nutrient levels, rather than total nutrient levels, are a much better indication of the nutrients that
compost is likely to contribute to your plants over the short term (Compost for Soils, 2011). Generally,
nutrient values vary greatly among organic fertilizers and also vary greatly for a given organic fertilizer.
According to Ross Penhallegon (2003), For example, the nitrogen in raw bone meal ranges from 2 to 6 %,
and the phosphorus from 15 to 27 %. Differences reflect variations in the age of organic material, its
decomposition rate, application method and timing, incorporation time, time exposed to the elements
(rain, sun), the percentages of organic matter and water the material contains carbon-to-nitrogen ratio,
microbe population, and soil type.

Compost total nitrogen

Nitrogen is one of the primary macro and the most deficient plant nutrient in the country. To replenish the
soil with plant nutrient including nitrogen we need to add directly nutrient sources of fertilizer either
organic or inorganic or both in combinations. Therefore the content of nitrogen and other nutrient in the
compost is much determinant to determine how much to use this nutrient source compost. This study
survey also made to now the nutrient content level of farmers’ used composts for crop production.
Accordingly the nitrogen content of compost from Boset, Arsi-Negele and Ada’a ranged from 0.15-0.45
%, 0.12-0.43 % and 0.17-1.15 % while the average was 0.29%, 0.28 % and 0.61%, respectively (Table 2).
Even though standard nutrient content of compost vary from country to country, according to the
following authors’, total nitrogen will normally range from 1.5 to 3.5 % or 15,00-35,000 mg/kg (Ross
Penhallegon, 2003) and 0.3 % — 1.5 % or 3g to 15¢g per kg of compost (Jacob, 1961; Martinez, 2013 in
FAO, 2015) on dry weight basis in finished composts. Similarly, According to Alexander (2001), to
report compost as having fertilizing capabilities and for it to be used in agriculture the TN content must be
over 1 %.

According to this standard, total nitrogen value of most representative compost samples were not meet the
standard. This could be due to loss of N through ammonia volatilization (Goyal et al., 2005) during
composting process that might be enhanced by high pH (woods End Research laboratory,1998).
Composting process and storage of compost should be under shade to protect the reach of strong sun light
and wind that enhance loss of nutrients (Sue Edwards and Hailu Araya, 2011). As evidenced during
survey, composting process made by farmers was not under controlled condition. That means, proportion
of the material used and site of compost preparation and storage were not according to hand book
guideline provided for development agents. Besides compost storage was not under shade and it was
wind exposed sites for most sampling areas. These all might be contributed for low total nitrogen in
addition to raw material used for composting.
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Carbon to nitrogen ratio

Poorly composted products can contain animal and plant pathogens, weeds, excessive levels of
ammonium nitrogen (can be toxic) and can cause temporary nutrient (nitrogen and phosphorus) draw
down, (Compost for Soils, 2011). Whereas, maturity is the degree to which the compost is free of organic
phytotoxic substances that can adversely affect seed germination on plant growth. Maturity and stability
also relate to the level of biological activity in compost. Stable compost consumes almost no nitrogen or
oxygen and generates little carbon dioxide or heat. Therefore, stability and maturity are key elements of
compost quality and help to determine its fitness for purpose (suitability for a specific use). Even though,
maturity and stability are difficult parameters to evaluate, various maturity indicators for composts have
been suggested (Gémez-Brandon et al., 2008; Said-Pullicino et al., 2007). For example, physical
characteristics that are suggestive of mature compost include a dark brown to black color and a soil-like
or musty odor. There should be little or no recognizable grass or leaves. Compost that has a sour or putrid
smell should not be accepted. If the delivered compost is very hot (12 °F) or if the pile becomes very hot
after rewetting, then the product is not stable. Though there is no single parameter that completely defines
maturity, but the C:N ratio and reduced rate of CO, evolution from mature compost can be used as
reliable indicators (The Pennsylvania State University, 2009). Likewise, a good quality compost will have
a dark brown color and maturity index (ammonia to nitrate (NHs: NO3) and C:N) ratio in the range of 0.5
to 3 and less than 25, respectively (Woods End Laboratories, 2013); while having less concentrations of
heavy metals, weed seeds and pathogenic bacteria (Brinton, 2000).

So, according to an assessment made, as indicated in the Table 2, most carbon nitrogen ratio of
representative compost samples collected from all study areas were below 25 except for few samples
those were as high as 35 and above. Therefore, in relation to carbon nitrogen ratio, most of the analyzed
representative compost samples were meet the quality standard because a carbon to nitrogen ratio of
below 25 is preferred if the material is claimed to be nitrogen stabilized, (FAO, 2015; Pennsylvania State
University, 2009; Compost for Soils. 2011; Woods End Laboratories, 2013). Because Compost C:N
ratios typically decrease during composting if the starting C:N ratio Composts with high C:N ratios (>30)
will likely tie up (immobilize) nitrogen if applied to soil, while those with low C:N ratios (<20) will
mineralize organic nitrogen into inorganic (plant-available) nitrogen (Pennsylvania State University,
2009).

Available phosphorus

Phosphorus plays a role in photosynthesis, respiration, energy storage and transfer, cell division, cell
enlargement and several other processes in plants (Cornell Co-op Extension, 2005). Therefore, to
improve production and productivity soil should be supply with fertilizer (organic and inorganic
fertilizer), whereas compost is one of the organic sources of nutrient phosphorus. Even though
phosphorous availability from compost is much higher than nitrogen availability from compost (Prasad,
2009), similar to other nutrient, phosphorus content of compost varies depending on raw material used for
composting and management of the process and the compost after decomposition. However, the most
notable exception is manure, which is typically high in phosphorus and potassium as well as nitrogen.
This makes manure one of the most balanced compost materials available. Even, if need more phosphorus
than nitrogen in compost, horse manure is the smartest choice; it has roughly four times more phosphorus
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than nitrogen and is also high in potassium, which fuels metabolism in plants,
(http://homeguides.sfgate.com/composting-nitrogen-phosphorus-71777.html).

Similarly, the result of compost samples laboratory analysis for an assessment made on nutrient content
of the currently used compost are indicated in Table 2. Accordingly the available phosphorus content of
compost for Boset, Arsi Negele and Ada’a were ranged from 0.12-10.64 ppm (average 2.67), 0.08-2.86
ppm (average 1.07) and 2.58-24.49 ppm (average 13.01), respectively. According to Jacob, (1961) and
Martinez, (2013) p content of standard compost range from 1g to 10g per kg of compost (1000-
10,000ppm), similarly according to Ross Penhallegon, (2003), it ranges from % P 0.5 to 1(5000-10,000
ppm). Even though available phosphorus contained in most sampled representative composts samples
from all districts were above total nitrogen it was far below the range. This might because of raw material
used for compost making and level of compost management during and after preparation. As evidenced
during survey observation, combination of raw material, composting process and compost management
was not according to guideline.

Available potassium

Potassium is the third major plant and crop nutrient after nitrogen and phosphorus. Therefore it is one of
the major nutrients required by all crops and is present in large quantities in the plant in the form of the
cation K. It is required in very large quantities, with peak potash uptake in cereals reaching more than
250 kg/ha by the end of flowering, (Cavendish Agri Services, 2013). Therefore, potassium is fundamental
to many metabolic processes through the activation of a large number of enzymes required for chemical
reactions. Generally, because potassium improves the overall health of growing plants and helps them
fight against disease, it is known as the "quality" nutrient, (Wikipedia, the free encyclopedia, 2017). So, a
shortage of potash will not only result in lower nitrogen use efficiency, but will also lead to greater
drought susceptibility, increased lodging, a reduction in photosynthesis and restricted movement of water,
nutrients and sugars around the plant, (Cavendish Agri Services, 2013).

Accordingly the available potassium content of compost for Boset, Arsi Negele and Ada’a were ranged
from 2632-5367 mg/kg (average 4090 mg/kg), 214-5942 mg/kg (average 2850) and 1130-4218 mg/kg
(average 2360 g/kg), respectively (Table 2). As compared to other tested nutrient, potassium content of
the compost samples collected from the study areas were high. This is might be because of that K is not
incorporated into organic compounds in plants or animals, so K in compost is readily available. But
according to established average nutrients content in compost by Jacob, 1961, Martinez, 2013, (Potassium
ranges 0.3 - 1.0 % (3000-10,000 mg per kg), except for Boset District, available potassium contained in
most sampled composts from the rest districts were below the range (Table 2).

These low potassium contents of compost samples collected from Arsi-Negele and Ada’a districts might
be contributed from raw material used that dominated by animal manure without keeping the proportion
according to the guideline. On the contrary, relatively high potassium content of compost samples that
were collected from Boset district was contributed by the use of high proportion of home used wood ash
during compost preparation. These were also evidenced during sample collection and interview made
during sample collection. The document organized by Proc. Estonian Acad. Sci. Biol. Ecol., (2006) and
Ross Penhallegon, (2003) in Oregon State University Extension Service and offers as educational
programs, activities, and materials also reveal that wood ash contained relatively high potassium whereas
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dry animal manure contained relatively low potassium. Similarly, earlier studies on ash chemistry in
Scots pine (Pinus sylvestris L.) have revealed the positive effects of wood ash on Ca and K contents of the
soil as well as an increase of K, Mg, S, Bo, Fe and Zn in tissues of the Scots pine (Vuorinen and Kurkela,
2000; Demeyer et.al.,2001; Jacobson, 2001).

Organic matter

Organic matter is the measure of carbon based materials in the compost. It plays a vital role in the soil
including minimizing soil temperature fluctuations, serving as a nutrient warehouse, buffering the soil to
changing pH, increasing the ability of the soil to hold nutrients, provide habitat for beneficial soil
microorganisms and can be improve soil structure along with the ability of the soil to hold water and air.
It is usually expressed as a percentage of dry weight of compost. There is no absolute value of organic
matter, which is ideal for compost. Growers should make notes of the organic matter (OM) content of
potential soil amendements when comparing the price and qualities of different composts; it may range
from 30-70 % of OM (US Composting Council, 2003). Hence high quality compost will usually have a
minimum of 50 % organic content based on dry weight.

As indicated in Table 2, the percent organic matter content of compost samples collected from Boset, Arsi
Negele and Adaa districts ranged from 3.83-16.21 % (average 9.13 %), 4.35-18.28 % (average 10.84 %)
and 2.73-21.45 % (average 11.76 %), respectively. According NRAES,(1999) and US Composting
Council (2003) standard set as quality parameter for finished compost, percent organic matter content
should be ranged in between 30 - 70 %. Low percent organic matter content of compost is highly affected
by raw material used that have either nitrogen-rich or carbon-rich input materials (Van der Wurff, et.al.
2016). Similar to other nutrient level in composts, as evidenced during surveying observation, this low
organic matter content of compost could be due to absence or low proportion of carbon rich material like
crop residue.

Organic carbon

Organic carbon is an important ingredient in all soils and has an important role to play in maintaining soil
structure, nutrient availability and water holding capacity. It also serve as a vital role in maintaining a
healthy soil ecology (Paul, 2007). The average of compost organic carbon content samples collected from
Boset, Arsi-Negele and Ada’aa districts were 2.67, 1.07 and 24.49 %, respectively (Table 2). When these
results correlated with standard sated by Australian (Australian standard, 1999), which is above 19.4 %
organic carbon content of all compost representative samples were far below the standard. Similar to
Compost organic matter discribed above these low percent organic carbon could be due to absence or low
proportion of carbon rich material like crop residue.
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Table 2. Summary of chemical analysis results of compost samples collected from Bosat, Arsi-Negele and
Ada’a districts

Parameter
EC Avail. P | Avail. K C:N
pH | (mmhos/cm) | TN (%) | OC (%) | (ppm) (mg/kg) | OM (%) ratio
Range Bosat District
Min 7.56 1.27 0.15 2.22 0.12 | 2632.00 3.83 15.31
Max 9.14 12.61 0.45 9.41 10.64 | 5367.00 16.21 21.01
Aver 8.23 6.26 0.29 5.30 2.67 | 4091.40 9.13 18.56
Arsi-Negele District
Min 7.45 0.22 0.12 2.52 0.08 214.00 4.35 14.38
Max 9.45 9.86 0.43 10.602 2.86 | 5942.00 18.28 41.44
Aver 8.35 3.68 0.28 6.289 1.07 | 2844.80 10.84 24.05
Ada’a District
Min 5.96 0.18 0.17 1.58 2,11 | 1130.00 2.73 6.03
Max 9.72 11.67 1.15 12.44 24.49 | 4218.00 21.45 43.05
Aver 7.84 5.03 0.61 6.82 | 13.01 2357.91 11.76 12.84

Note: Min = minimum; Max = maximum; Aver = Average

Conclusion and Recommendations

Assessment of nutrient contents of farmers’ composts for crop production was made during 2014-2016 in
Boset, Arsi-Negele and Ada’a districts of East Shewa and West Arsi zones of Oromia. Based on
laboratory analysis capacity and standard methods, collected compost samples were analyzed and
interpreted for few parameters pH, EC, TN, OC, Avai. P and K, and compared with existing established
standard compost quality parameters.

The results indicated that pH of compost samples collected from farmers of all districts were ranged from
5.96-9.72, while some of the samples were beyond the standard set by FAO (2015) and Pennsylvania
State University (2009), range of pH between 6 and 8. Electrical conductivity of analyzed compost
samples collected from all districts ranged from 0.18-12.61 mmhos/cm, and most of the representative
compost samples had EC values’ above 3.5mmhos/cm, which was above permissive level for use as soil
amendments material, especially for alkaline soils and salt sensitive crops (FAO, 2015; Australian
Standard for Composts Soil Conditioners and Mulches, 2010). Accordingly, the percent total nitrogen and
available phosphorus content of composts from all districts ranged from 0.12-1.15 % and 0.08-24.49 ppm,
respectively. According to standard set by Ross Penhallegon (2003), Jacob (1961) and Martinez (2013),
TN value of most representative compost samples were not met the standard, and avai. P contained in
representative composts samples were far below the standard range.

The available potassium content of compost for Boset, Arsi Negele and Ada’a were ranged from 2632-
5367 mg/kg. As compared to other tested nutrients, even though potassium content in compost samples
was high, most of them were below the standard, 0.3-1.0 % (3000-10,000mg/kg (Jacob, 1961, Martinez,
2013). According NRAES (1999) and US Composting Council (2003), percent organic matter standard
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set as quality parameter for finished compost ranged in between 30-70 % while organic matter content of
the representative compost samples were ranged from 2.73-21.45 %, which were far below the standard
established. This low percent organic matter content of composts are highly affected by raw materials
used that have either nitrogen-rich input materials (Wurff, et.al. 2016).

Carbon to nitrogen ratio of most representative compost samples were below 25 and met the quality
standard because a carbon to nitrogen ratio of below 25 preferred if the material is claimed to be nitrogen
stabilized (FAO, 2015). In general based on all parameter required for quality and nutrient content
analysis, nutrient contents and quality of farmers’ composts used for crop production were not met the
standard. This could be due to raw materials used and their proportion, composting process and storage
condition were not according to guideline provided and lack of close supervision and guidance by local
development agents.

Therefore, based on the results of nutrient contents of farmers’ composts, the following recommendations
were drawn. The EC values of most analyzed compost samples were as high as and above 3.5
mmbhose/cm. Such composts should be checked whether high nutrients or high salt (NaCl) content is
responsible for any elevated EC readings before using for soil amendment, and not safe to use such
compost on alkaline soil. For agricultural sustainability and productivity, encouraging farming
community for the use of organic fertilizers will be a prerequest for all stakeholders. Besides, training and
close supervision for farmers on site selection and pit preparation for composting process, raw material
used, proportions and procedures to be followed, storage condition of finished compost should be a
critical concern during compost preparation. Finally, wrong information on farmers’ compost quantity
and quality at different levels that may bias policy and decision makers should be monitored and checked
by concerned institutions.
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Abstract

This assessment was made to study the nutrient contents of farmers’ composts for soil fertility
improvement and crop production from 2014-2016. The specific objectives were to assess and evaluate
nutrient contents of farmers’composts prepared from diversified material sources and to make database
for composting processes. A total 213 samples were collected from Bedele,Gechi and Dabo Hana
districts by random sampling methods from a representative sites. The pH, moisture conent, OC, TN,C:N
ratio, exchangeable Ca and Mg, available P, EC, Mn, Fe, Cu and Zn were analyzed according to
standard laboratory procedures. Average OC and OM contents of farmers” composts were 10.1 and 13.9,
12.1 and 18.9, 23.96 and 20.86% in Bedele, Gechi and Dabo Hana districts, respectively. Average
moisture contents of the study area were 7.2, 7.6 and 6.2% in Bedele, Gechi and Dabo Hana,
respectively. Moisture content of farmers’ composts in the three districts was below the the standard
range. This might be due to the problem of watering during compost preparation; average electric
conductivity, 1.5, 1.1 and 1.2mmhos/cm in Bedele, Gechi and Dabo Hana disticts,respectively. The
majority of the macro- and micro-nutrients analyzed for compost collected from the three districst were
below the recommended range. This is due to unbalanced substrate during compost preparation
especially absence of legume materials or residue from mixing materials.

Keywords: Compost, macronutrient, micronutrient,

Introduction

The performance of agriculture depends on natural factors and the intensity of agricultural inputs. The
vast area of Africa in general and Ethiopia in particular is characterized by low soil fertility, high soil
degradation, rain-fed and fragmented land holding, extremely low external inputs such as fertilizer and
agro-chemicals, and the use of traditional farming techniques (Gashaw et al., 2014). In sustainable and
integrated crop production systems the inclusion of compost proved to have significant effect on quantity
and quality of crop productions (Vaje, 2007 and Ganjali, et al., 2013). Irrespective of its importance in
integrated soil fertility management, compost utilization among farmers in Ethiopia is very limited.
Farmers are aware of the benefits that could be obtained from use of composts, but they don’t have a
simple to use and health method of composting (Rader, 2013) which accompanied by seasonal
agricultural activities burdens them to use the conventional method of composting.
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Several studies indicate that the use of compost on land may improve several plant and soil parameters,
thereby making compost an interesting option for soil restoration purposes, while taking advantage of its
fertilizer properties (Hargreaves et al. 2008).Compost is the best overall for soil amendment that growers
can use to increase the quality and the health of soil (Postma et al., 2003). Compost provides soil with
nutrients, organic matter, and beneficial microorganisms, which can improve crop health, growth, quality,
and yields.

Composting is a method of enhancing natural decomposition process, through balanced carbon to
nitrogen ratio (C:N) of raw organic materials that should be supplied with adequate moisture and oxygen
to intensify the activity of decomposing microorganisms (Rader, 2013). Composting process requires
some facilities and knowledge on the decomposing organic materials such the C:N ratio to properly mix a
desirable proportion of organic materials in the compost pile (Rader, 2013). In the compost pile mixes
when the C:N ratio goes higher or lower the composting process will be hindered or may be stopped at all
(Chen et al., 2011). It is very important to keep the C:N of the compost pile in the range between 25:1 and
35:1. However, C:N higher than 35 would lower multiplication of decomposing microorganisms due to
shortage of N to synthesis their body protein. And C:N lower than 25 result in production of high amount
of ammonia by microorganisms, which also cause lower pH, reduced decomposition and unpleasant odor
of the compost (Marta et al., 2016).

Monitoring and controlling the moisture content, oxygen level and temperature of the composting process
is also another important issue to have good quality and large quantity compost within scheduled time
desired (Rader, 2013). On the other hand type of raw materials, their proportions in the pile and the
methods of composting significantly affect the controllability of composting (rate of decomposition) and
the quality of the compost. To have a controlled composting process and good quality compost the choice
of composting methods is crucial. The quality of compost is determined by the nutrient composition,
concentration of heavy metals, presence of inert materials, inclusion of weed seeds, pathogenic bacteria
and compost maturity (Brinton, 2000). Thus, a good quality compost will have a dark brown color and
maturity index (ammonia to nitrate (NHs: NOs) and C:N) ratio in the range of 0.5-3 and less than 25,
respectively (Woods End Laboratories, 2013); while having less concentrations of heavy metals, weed
seeds and pathogenic bacteria (Brinton, 2000).

As the price of inorganic fertilizer becoming expensive from time to time, farmers are inclined toward
using compost for crop production. It is not the amount of compost that applied to the soil, but the amount
of nutrients supplied to the crop that determines the level of crop productivity. Then the use of compost
must be based on the materials used for compost preparation rather than the bulk amount of compost
applied to soil. It is a necessity to know nutrient composition of any material used for fertility
improvement, and composts must be justified with laboratory test to know the initial soil nutrient status,
nutrient content of compost used at each cropping time based on the type of composting material sources,
and the requirement of addition of chemical fertilizer application to get the targeted yield potential of crop
types in use, i.e., integrated nutrient management is essential for our current soil fertility situations rather
than single fertilizer source.Therefore an assessment was initiated with the specific objectives were: to
asses and evaluate nutrient contents of farmers practiced composts prepared from diversified material
sources and to identify the gapand giving the directions for composting processes.
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Materials and Methods
Description of the study areas

Bedele, Dabo Hana and Gechi districts are one of the agricultural potential areas selected by the AGP
beneficiary districts of Oromia region. They are located in the western part of Oromia, on the main road
to Metu, 60 kilometers (km) away from a zonal town (Bedele), and 420 km away from Addis Ababa. The
districts are located between 8°14'30"N to 8°37'53"N, 8°30'28.721"to 8°41'34.595"N and 8°14'34.56" to
8°25'39.77"N latitude and 36°13'17"E to 36°35'05"E, 36°26'19.157" to 36°30'41.101" E and 36 °24'59.04"
to 36°35'14.19" longitude at Bedele, D-Hana and Gechi respectively. The farming system here is
characterized by forest coffee-cereal-livestock mixed farming system. There are two distinct seasons in
three districts the rainy season starting in late March and ending in October and the dry season from
November to early March. The mean annual temperature is 24.7°C and the rainfall is often in excess of
1800 mm per annum. Various cereal crops, vegetables, livestock, oil crops and coffee are under
production and the rainfall is very good in these potential areas. The three districts has highlands, mid-
and low-land agro-ecologies.

175000 185000 195000 205000 215000 225000 235000 245000 255000 265000
N L L L L L N L L L N L L L L 1 N L L

985000+

FEaiN
; .
980000 N N

905000+

900000+

975000 4 R
970000 e i
965000 - 1

Dabo Hana L
960000 S \
955000
950000 > - RS
945000 ¢ - B 9 B
940000 ~3 Sacee -
935000 = 4(' Legend

Ao

930000 o

\ sl = AGP_Districts
925000 | 7% Gechi S —

{ 4

¢ 7 ( Bedele
920000 T - :

5 ; T
915000 ) il ( Dabo-Hana
910000 - =_— ]
e | Gechi

20 qul

895000

Figure 1. Location map of the study areas

Procedure used to select the districts and farmers

This assessment of Nutrient Contents of Farmers Practices of Compost for Crop Productionwas
conducted in different AGP beneficiary districts of Southwestern Oromia regional state such as Bedele,
Gechi and Dabo Hana from 2014-2016. A procedure used to select these three districts and 213 farmers
first by grouping of administrative zones for the sake of compost samples collection and analysis like
Buno Bedele Zone. Secondly we have been selected three of AGP beneficiery districts from this zone and
we have selected ten kebeles per district and eight a representative farmers per kebele (i.e 3*10*8*1=240)
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was proposed. However, according to the accessability only 213 compost samples were thoroughly
collected from farmers practiced compost heap.

Collection of raw materials for composting

According to information gathered during survey, various locally available organic materials collected
were used as composting materials for all methods of composting. The organic/raw materials used were
sorghum leaves and stalks, kitchen scraps, tree leaves, broad leaved weeds, grass weeds, livestock
manure, wood ash and saw dust were collected. Finally the common bulking agent top soil was taken
from different fertile soil.

Sampling method

Representative samples were taken from three point (at the beginning, middle and end of the pit); 500gm
composite samples were taken from all piles using polyethylene bag and transported by vehicle to Bedele
soil research center, soil laboratory. The samples were analysed at analytical chemistry and soil
laboratory. The samples were taken from each heap from all sides of the heap (i.e. from the bottom, top,
left, right side and interior of the heap) by hand using gloves and by turning the heap to take the sample
from the bottom of the heap and thoroughly mixed together to get a homogeneous and representative
sample of the entire heap of composting.

Laboratory methods used for compost analysis

During the composting process the temperature of the compost was recorded for the first 30 days. The
date of compost maturity was recorded when the compost assumed a dark brown colour following their
curing phase and confirmed by maturity index. Chemical characteristics of various compost samples
analysis were carried out in the Bedele Soil Research Center, Soil Laboratory laboratory using standard
procedure. The method used for the analysis of moisture content were ( drying at 105°C to constant
weight by gravimeter method (Arum Kumar 2008); The pH was measured potentiometrically using a
digital pH-meter in the supernatant suspension of 1:2.5 soils to water ratio.; Electrical conductivity (1:2.5
water extract, digital conductivity meter); Calcium and magnesium was analyzed using atomic absorption
spectrophotometer following an ammonium acetate extraction method and measured by using flame
photometer (Rowell, 1994).; was determined using the wet oxidation method (Walkley and Black, 1934).
Organic matter content was calculated from determined organic carbon using conversion factor 1.724
(Mani et,al.; 2007) and the C:N ratio of the compost was determined from the ratio of total organic carbon
to total Nitrogen. Manganese, iron, copper and Zink were analyzed using atomic absorption spcetro-
photometer at JEG Lab and glass.

Results and Discussion

Compost pH

The pH value of compost is important since applying compost to soil may alter the soil pH and therefore
have an effect on the availability of nutrients to plants. According to Bord na Mona, (2003) recommends
the agricultural compost should fall between a range of pH from 6.9-8.3 as an indication of relative
stability, while values near 7.5 are most typical. Most composts are slightly alkaline after curing, but
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some may be slightly acidic due to properties of their feedstock. According to Bord na Mona
recommendation the average pH values of compost collected from Bedele, Gechi and Dabo Hana was 7.6,
7.7 and 8.1 (figure 2, Table 1, Table 2 and Table 3), respectively. The analytical result of compost
collected from Bedele, Gechi and Dabo Hana was agree with the sated standard optimum range of
compost (Bord na Mona, 2003). Efforts will need to be made to lower the pH value of compost if it
exceed 6.9-8.3 range. Lowering the pH value of compost also help to reduce ammonia volatilization and
reduce odours (woods End Research laboratory,1998). However, low—pH composts are in many cases
incompletely cured, and may contain elevated concentrations of organic acids. Oganic acids are a routine
byproduct of decomposition early in the composting process, but they should no longer be present at later
stages.
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Figure 2. pH values of compost from three districts

Organic matter content

Organic matter is an important ingredient in all soils and has an important role to play in maintaining soil
structure, nutrient availability and water holding capacity. It also serve as a vital role in maintaining a
healthy soil ecology (Paul, 2007). It is usually expressed as a percentage of dry weight of compost. There
is no absolute value of organic matter, which is ideal for compost. Growers should make notes of the
organic matter (OM) content of potential soil amendements when comparing the price and qualities of
different composts; it may range from 30-70% of OM (US Composting council, 2003).

The organic matter contents of compost collected from all sites was calculate from the average organic
carbon content of the compost. According to the organic matter range of (US composting council, 2003)
the average of organic matter content of compost collected from all sites were found in the recommended
range (Figure 3). Composts that contain large amounts of inert materials , such as soil, Silica, or ash, will
not provide as many benefits as a compost that is richer in organic materials. For soil amendments,
however, an upper limit of 65% OM is commonly imposed, since materials with a greater organic matter
may not be fully stable.

93



30

25

20

In percent
o

0

Bedele

Gechi

Dabo

B Average

18.92

23.96

20.86

Figure 3. Organic matter contents of compost in the three districts

Moisture content

Moisture content is a measure of the amount of moisture present in a compost sample and is expressed as
a percentage of fresh weight. Compost with low moisture content (<35%) may be too dry and dusty,
irritating when handled. Compost with too high moisture content (>65%) can become too clumpy and
difficult to transport which will limit it’s chances of being marketed as a quality product (US composting

council, 2003).
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Figure 4. Moisture content of compost in the three districts

An optimum range of moisture for matured compost was 35-55% (Zucconi et al.; 1981). Higher moisture
increased handling and transportation cost. An average moisture content of compost collected from
Bedele, Gechi and Dabo Hana was 7.2, 7. 6 and 6.2 respectively (figure 3). The result revialed that it was
bellow the optimal range of matured compost (Zucconi et al.; 1981).
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Electrical conductivity

Electric conductivity is a measure of the soluble salt content of compost in our case. Repeated addition of
high salt compost may result in increases in soil salinity to levels that are toxic to salt sensitive plants but
no problem in acidic or high rain fall area. Therefore the Electric conductivity of matured compost
should only range from 1 to 3 mmho/cm (Tognet et al, 2007). According to this outer the average electric
conductivity of the study area wasmatched with the optimal range. The average electric conductivity of
Bedele, Gechi and Dabo Hana districts were revialed as 1.5, 1.1 and 1.2mmho/cm, respectively(Figure 5).
Estimation of the likely impact of compost on soil EC regires information on the compost application rate
in tons per ha, along with soils texture, organic matter content and pre-compost EC (Reddy and Crohn,
2012).
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Figure 5. Electrical conductivity of compost in the three districts

Carbon to nitrogen ratio

When soil microbes decompose a compost, they use its carbon for energy while immoblizing some
nitrogen (N) to meet their own needs. Immobilized N is temporarily unavailabe to plants until such as
those microbes themselves decompose. The carbon-to-nitrogen (C:N) ratio is roughly proportional to the
balance between the overall energy contained in the compost (carbon content) and the principal nutrient
needed to decompose it, nitrogen, expressed as the total compost C divided by the total compost N
(Alexander, 2001). According to (zucconi, et al.;1981) C:N ratio of matured compost is <20 to 1,
however, the study area showed that the C:N result in Bedele, Gechi and Dabo Hana were 16:1, 25:1 and
27:1 (Table 1, Table 2 and Table 3) respectively. According to (zucconi etal;1981) an average C:N ratio
of compost collected from Bedele district was agreed with the idea of (zucconi, et al;1981).The low C:N
ratio less than 20:1 may be expected to gradually mineralize nitrogen with little or no immobilization
(Bruun et al. 2006), whereas the C:N ratios of compost collected from Gechi and Dabo Hana were above
the range stated by Zucconi et al. (1981).
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Total nitrogen content

Compost can supply considerable nitrogen to soils. Compost ammonium and nitrate are available for
plant uptake on application ,while organic nitrogen has to be miniralized to ammonium, or at least
decomposed to simple and soluble organic forms, before it can be taken up (Nasholm et al., 2009).
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Figure 6. Total nitrogen content of compost in the three districts

In general, high C:N ratio composts supply nitrogen more readily than low C:N composts, but specific
miniralization rates cannot be predicted with any precision (Nasholm et al., 2009). Because nitrogen is an
important fertilizers, it is usually not toxic to crops at agronomic levels. High levels of ammonium can be
phytotoxic, especially to seedlings, though susceptibility varies depending on the plant (Britto and
kronzucker 2002).

To report compost as having fertilizing capabilities and for it to be used in agriculture the TN content
must be over 1% (Barker, 1997). An average of total nitrogen content of compost collected from Bedele,
Gechi and Dabo Hana was 0.8, 0.7 and 0.6% (Figure 6), respectively. The result was showed below the
reference range (1.74 to 2.24%) as suggested by watson (2003) and (1 to 2%) by Alexander (2001). The
typical range of total nitrogen in compost is 1 to 3%, compost over 3% of total nitrogen is usually found
to be immature and ammonical (Barker,1997).

Organic carbon content

The most essential nutrients in composts are inorganic forms which are released slowly and are less
subjected to leaching compared to inorganic fertilizers (Larney et al.; 2008). The incorporation of
compost derived from biogenic household and garden waste to soil increseases soil carbon and nitrogen
concentration (Lefied et al.; 2002). The average organic carbon content of compost in the study area was
showed as 10.1, 13.9 and 12.1% for Bedele,Gechi and Dabo Hana District (Figure 7) respectively which
was bellow the reference range >19.4 by Australian standard (1999).
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Figure 7. Organic carbon content of compost in the three districts

Calcium and magnesium content

Calcium is act as bases when they exist as oxides, hydroxide and carbonate. Compost containing these
bases when applied to soil, may counteract soil acidification varying pH levels and making soil nutrients
more available to plants (Fricke and VVogtman; 1992).
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Figure 8. Exchangeable calcium content of compost in the three districts

The average calcium in compost collected from three districts were 9.8, 7.3 and 5.7 cmol kg™ for Bedele,
Gechi and Dabo Hana (Figure 8, Tables 1, 2 and 3), respectively. According to the Canada laboratory
standards the calcium content of compost collected from Gechi and Dabo districts was below the standard
range of compost, while compost colleted from Bedele District was agreed with the standard range of
compost. Standard range of compost for exchangeable calcium is 8-13cmolkg™ (Canada laboratory,
http://www.al.labs.can.com accessed on September 24, 2018).

Magnesium act as bases when they exist as oxides, hydroxide and carbonate. Similar to calcium compost
containing these bases, when applied to soil, may counteract soil acidification varying pH levels and
making soil nutrients more available to plants (Fricke and Vogtman; 1992). The average of magnesium in
compost for three district was 5.6, 7.5 and 6.6cmolkg™l for Bedele, Gechi and Dabo Hana districts,
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respectively (Figure 9, Tables 1, 2 and 3). The standard range for exchangeable magnesium in compost is
1.2-8cmolkg™ (Canada laboratory, http:// www. al. labs. can. com). According to this standard the
exchangeable magnesium of all three districts was agree with the standard range (Canada laboratory,
http://www.al.labs.can.com accessed on September 24, 2018).
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Figure 9. Exchangeable magnesium content of compost in the three districts

Available phosphorous content

Phosphorous availability from compost is much higher than nitrogen availability from compost (Prasad,
2009). The average available phosphorous contents in the compost samples were 32.5, 31.7 and and 28.7
for Bedele, Gechi and Dabo Hana districts, respectively (Figure 10, Tables 1, 2 and 3).
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Figure 10. Available phosphorous content of compost in the three districts
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Micro-nutrients content

Micro nutrients also required for crop production just like macro-nutriens; the only difference is micro
nutrients are required in minimum amount. The micro-nutrients content of compost is just vary based on
materials used for composting. Manganese increases seed germination rates and reduces time to harvest
because it increases phosphorus and calcium availability to the crop. Zinc affects the rate of maturation of
both seed and stalks. There is no ideal range established for micro nutrient content of compost yet. the
maximum, minimum and average of micro nutrient analysed for compost of Bedele, Gechi and Dabo
Hana districts were listed in Tables 1, 2 and 3, respectively.

Table 1. Summary of laboratory analysis results of farmers’ composts collected from Bedele District

Parameter Unit Maximum  Minimum Mean Std. Deviation
PH(H:0)  value 6.6 9.3 76 0.6
Moisture % 4.9 10.8 7.2 1.1
EC mmhos/cm 0.3 9.2 15 1.3
TN % 0.3 3.4 0.8 0.5
ocC % 2.1 215 10.1 3.7
C:N value 2.4 66.7 15.8 10.1
Ex.Ca cmolkg™ of compost 1.2 18.5 9.8 5.0
Ex.Mg cmolkg™ of compost 1.0 114 5.6 2.1
Av P mgkg™ of compost 12.9 49.5 325 9.7
Mn mgkg™ of compost 41.6 304.2 99.9 52.3
Fe mgkg™ of compost 3.3 186.4 65.0 43.4
Cu mgkg™ of compost 0.9 10.3 3.4 1.8
Zn mgkg™ of compost 4.8 42.3 14.2 7.9

Ec = Electric conductivity, TN = Total Nitrogen, Ex.Ca = Exchangeable calcium, Ex.Mg = Exchangeable
Magnesium, OC = Organic Carbon, Mn = Manganese, Fe = Iron, Cu = Copper and Zn = Zinc

Table 2.Summary of laboratory analysis results of farmers’ composts collected from Gechi District

Parameter Unit Maximum Minimum Mean Std. Deviation
pH(H20) Value 6.0 9.6 7.7 0.8
Moisture % 4.1 10.9 7.6 1.3
EC mmhos/cm 0.3 4.1 1.1 0.8
TN % 0.1 1.6 0.7 0.3
oC % 7.1 24.8 13.9 3.8
C:N Value 12.7 55.9 24.7 9.3
Ex.Ca cmolkg™ of compost 1.6 15.3 7.3 2.9
Ex.Mg cmolkg™ of compost 4.0 11.0 7.5 1.7
Avp mgkg™ of compost 35 52.5 31.7 11.3
Mn mgkg™ of compost 11.2 128.0 70.3 33.0
Fe mgkg™ of compost 4.7 170.8 79.4 39.7
Cu Mgkg 1.4 10.3 3.0 1.2
Zn Mgkg 1.7 27.2 11.5 6.8

Ec = Electric conductivity, TN = Total Nitrogen, Ex.Ca = Exchangeable calcium, Ex.Mg = Exchangeable
Magnesium, OC = Organic Carbon, Mn = Manganese, Fe = Iron, Cu = Copper and Zn = Zinc
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Table 3. Summary of laboratory analysis results of farmers’ composts collected from Dabo Hana District

Parameter Unit Maximum  Minimum Mean Std. Deviation
pH(H20) Value 55 10.4 8.1 1.0
Moisture % 4.8 8.7 6.2 0.9
EC mmbhos/cm 0.0 4.2 1.2 1.0
TN % 0.2 1.2 0.6 0.2
oC % 8.2 18.6 12.1 2.2
C:N Value 7.4 86.7 27.4 17.0
Ex.Ca cmolkg™ of compost 0.8 11.6 5.7 2.2
Ex.Mg cmolkg™ of compost 1.6 10.6 6.6 2.2
Av p mgkg™ of compost 0.9 47.9 28.7 12.9
Mn mgkg™ of compost 21.9 304.2 91.9 48.8
Fe mgkg™ of compost 3.3 186.4 60.1 44.2
Cu Mgkg 1.7 10.3 3.9 1.6
Zn Mgkg 4.0 42.3 11.4 5.7

Ec = Electrical conductivity, TN = Total Nitrogen, Ex.Ca = Exchangeable calcium, Ex.Mg =
Exchangeable Magnesium, OC = Organic Carbon, Mn=Manganese, Fe=Iron, Cu = Copper and Zn = Zinc

Table 4. Summary of laboratory analysis results of farmers‘ composts collected from all three districts

Parameter Unit Minimum  Maximum  Mean Std. Deviation
pH(H0) Value 55 10.4 78 08
MC % 4.1 10.9 7.0 1.2
EC mmhos/cm 0.0 9.2 1.3 1.1
TN % 0.1 3.4 0.7 0.4
ocC % 2.1 24.8 11.9 3.7
C:N value 2.0 87.0 22.3 13.5
Exch.Ca cmolkg™ of compost 0.8 18.5 7.8 4.0
Exch.Mg cmolkg™ of compost 1.0 114 6.5 2.2
Av. P mgkg™ of compost 0.9 52.5 311 11.3
Mn mgkg™ of compost 11.2 304.2 88.0 47.3
Fe mgkg™ of compost 3.3 186.4 68.1 43.1
Cu mgkg™ of compost 0.9 10.3 3.4 1.6
Zn mgkg™ of compost 1.7 42.3 12.5 7.0

Ec = Electric conductivity, TN = Total Nitrogen, Ex.Ca = Exchangeable calcium, Ex.Mg = Exchangeable
Magnesium, OC = Organic Carbon, Mn = Manganese, Fe = Iron, Cu = Copper and Zn = Zinc

Conclusion and Recommendations

In sustainable and integrated crop production systems the inclusion of compost proved to have significant
effect on quality and health of soil, and quantity and quality of crop production. Assessment was initiated
with objectives to assess and evaluate nutrient contents of farmers’ composts prepared from diversified
material sources and to identify the gap for composting processes. In general 213 farmers® compost
samples were collected from three districts in Buno Bedele Zone. For each compost sample 14 parameters
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were analyzed according to the standard laboratory procedures.The majority of the parameters analyzed
values included calcium, total nitrogen, carbon to nitrogen ratio (C:N), organic matter and moisture
contents were below the standard ranges set by different literatures.These results might be due to
unbalaced substrates used by farmers during compost preparation. Based on these analysis results, it can
be concluded that all prepared composts by farmers were not fulfilled standard quality that could be due
to lack of follow up of standard procedures required from raw materials combination to compost
management. Therefore, to upgrade quality of farmers’ prepared composts, it requires training of farmers
and cloth suppervision by agricultural experts and development agents during compost preparation
process by farmers.
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Abstract

The nutrient contents of compost and its quality for agriculture depend upon nature of source materials
and composting process. The present study was carried out to know the nutrient contents of farmers’ used
composts prepared from diversified material sources for crop production in different districts of west
Oromia from 2014-2016. The study was focused on farmers’ managed composts prepared by pit method.
Compost samples were collected from eight districts of west Oromia (Guto Gida, Sassiga, Guduru,
Horro, Jimma Geneti, Hawa Gelan and Nedjo). Composite compost samples were systematically
collected from each site and analyzed at Nekemte Soil Research Center following the standard
procedures. Electrical conductivity of composts in all study areas was in the desired ranges for crop
production; the mean EC values ranged from 1.12mmhoscm™ in Guto Gida District to 1.99mmhoscm™ in
Hawa Gelan District, and all collected compost samples were below the stipulated range for saline
toxicity. The pH value ranged from 7.25-8.21 and all of the compost samples were in alkaline range. Over
all analysis results of available phosphorus content were 92.29, 60.14, 84.79, 73.74, 99.86 and 130.96
ppm of collected compost samples in Guto Gida, Sasiga, Guduru, Horro, Jimma Ganati and Hawa Gelan
districts, respectively. Preparation of conventional compost has to be emphasized on materials for
compost preparation, decomposition time, temperature, moisture, and preparation procedure. Therefore,
farmers have to be well trained on compost preparation techniques and materials to be used for
composting.

Keywords: Compost nutrients, conventional compost, diverse materials, farmers’ compost

Introduction

Soil fertility degradation has been described as the most important constraint to food security in sub-
Saharan Africa (World Bank, 1996). High population growth of sub-Saharan Africa led to
removal of vegetation cover and continuous cultivation of lands with low nutrient replenishment results in
depletion of soil nutrients. Hence, crop productivity of sub-Saharan African countries can be increased
with supplemental nutrients (Marc et al., 2000). However, the cost of fertilizers has been increasing and
has reached unaffordable level to small-scale farmers (Maatman et al., 2007).
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Crop productivity of marginally fertile acidic soils can be improved through integrated use of soil
ameliorants and fertilizers. Similarly, the price of inorganic fertilizer becoming expensive from time to
time, farmers are inclined toward using compost for crop production. In line with this, soil fertility
management in Ethiopia has begun to shift toward integrated approach (IFPR, 2010). Studies depicted
that the integrated use of 5 tone compost ha™* either with 55/10 Kg N/P ha™ or 25/11 kg N/P ha™* appeared
to be economical. Moreover, the resource poor farmers could use sole application of 5 tone compost ha™
in absence of in organic fertilizers for maize production (Wakene et al., 2001).

Due to diverse nature of composting process, the quality of available compost can vary widely. As
partially decomposed organic matter, compost can have a range of characteristics. Compost can vary
because of the raw materials used, degree of decomposition, moisture content, nutrient content, salt
content, acidity/alkalinity and contaminants (organic and non-organic materials or heavy metals). It is not
the amount of compost that applied to the soil, but the amount of nutrients supplied to the crop that
determines the level of crop productivity ( e.g. applying 50 kg of compost with good nutrient contents is
by far better than 200 kg compost with low nutrient contents). The use of compost must be based on the
materials used for compost preparation rather than then bulk amount of compost applied to soil. Without
accurate information about compost material, adding more compost may or may not make a difference.
Because of the large variety of materials that can be composted and the differing amount of effort that can
be put into making compost, the quality of compost can vary significantly.

Currently there is no formal way of grading compost. Hence, it is a necessity to know nutrient
composition of any material used for fertility improvement, and composts must be justified with
laboratory test to know (1) initial soil nutrient status, (2) nutrient content of compost (total N, P, K, Ca,
Mg, Zn, Fe, Cu and Mn; C/N ratio; pH and EC ) used at each cropping time based on the type of
composting material sources, and (3) requirement of addition of chemical fertilizer application to get the
targeted yield potential of crop types in use, i.e., integrated nutrient management is essential for our
current soil fertility situations rather than single fertilizer source. Therefore, compost testing is pre-
requisite for applying compost to field; the result of the test will help determine which type of and how
much compost to use. The study was aimed to know nutrient contents of currently used composts
prepared from diversified material sources and to develop guiding principles on material sources of
compost making so as to make quality compost for crops.

Materials and Methods
Description of the study areas

The assessment was carried out in East Wollega, West Wollega, Kellem Wollega and H/G Wollega zones
of Oromia Regional State located in Western Ethiopia (Figure 1). The altitude of Wollega zones ranges
from 439masl in the West to about 3255masl in the East. The average monthly temperature ranges
between 11.9-29.9°C. The mean monthly rainfall ranges between 10.43 mm to 403.4 mm. The economic
activities of the local society of the study area are primarily mixed farming system that involves animal
husbandry and crop production. The major crops are coffee (Coffee arabica L.), teff (Eragrostis tef),
barley (Hordeum vulgare L), maize (Zea mays L.) breadw heat (Triticum aestivum), and potato (Solanum
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tubersoum L.), hot pepper (Capsicum frutescence). Crop production are based on rainfed agriculture and
harvested usually once in a year (Wakene and Heluf, 2006).

Site selection

Compost prepared by pit method in seven districts of western Oromia (Guto Gida, Sasiga, Guduru, Horo,
Jima Ganati, Hawa Galan, and Nadjo) were used for the study. Compost sample collection was done on
selected model farmers’ field with aim of preparing farmers’ managed compost. Therefore the sampling
employed were systematic method of sampling. The composting experience and accessibility were the
main criteria for the selection of these sites. Composite compost samples were taken from these sites for
chemical analysis.
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Figure 2. Location maps of the study areas (Source: Ethiopian Mapping Agency)

Compost preparation

Pit composting with the pit size of about 1 x 1.5 x 1.5m was used during the study. The composting
materials used in each compost pit were identified through interviewing (Table 1). To get a better
understanding on the representativeness of the composting techniques and composting materials,
additional compost sites on different farmers in different districts of each zone, and some composts
prepared at FTC were visited. The composting techniques and materials used for compost making were
more or less similar with those of the study sites (Table 1). The main composting materials in most of the
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observed sites were top soil, farmyard manure, crop residues, weeds, plant leaves, ash, and leftover
vegetables.

Compost sampling and sample preparation

Subsamples were systematically collected from different layers of the compost (upper, middle and bottom
layers) to make a composite compost sample for each site. Sample preparation was conducted at Nekemte
Soil Research Center (NSRC). The samples were air dried and crushed using a mortar and pestle and
sieved through a 2mm mesh sieve.

Table 1. Farmers” material sources and method used for compost preparation in the study areas

2 District Common materials used I\/Iethocil_of
one istric (Local name) composting
. Animal manure, top soil, ash, maize stalk, Pit
East Wollega Guto Gida o e ey e .p -
tufo”, “rejji”, “ecbicha
. Animal manure, top soil, ash, maize stalk, Pit
Ea’St WOIIega SaSSIga 13 21099 66 LEENT3 p” 113 99
rejji”, “tufo”, “kello”, “bala buqgee”,
Animal manure, top soil, ash, maize stalk, Pit
H/Guduru Wollega Guduru e P
tuufoo, reejjii, different weeds
Animal manure, top soil, ash, maize stalk, Pit
H/Guduru Wollega Horro P .
Croton mycrostachus leaf, rejji, eebicha
. . Animal manure, top soil, ash, maize stalk, Pit
H/Guduru Wollega Jimma Geneti P
weeds, Croton mycrostachus leaf, rejji
Animal manure, top soil, ash, maize stalk, rejji, Pit
Kellem Wollega Hawa Gelan .
tuufoo, kello fi baala buggee
Animal manure, top soil, ash, tufo, kello, rejji, Pit

West Wollega Nedjo different weeds

Compost laboratory analysis

After sample preparation, compost samples were analyzed in the laboratory following the standard
procedures. The pH of composts was measured potentiometrically with a digital pH meter in the
supernatant suspension of 1: 5compost: liquid ratio (Baruah and Barthakur, 1997). Organic carbon (OC)
content was determined by the dichromate oxidation method (Walkely and Black, 1934). Organic matter
content was estimated from the organic carbon content by multiplying the latter by 1.724. Total N was
estimated from the percent of organic matter. Available P was analyzed using Olsen method and
colorimetrically using ascorbic acid as a reducing reagent and its concentrations was measured using
spectrophotometer. Extractable (Fe, Zn and Cu) were extracted using diethylenetriamine pentaacetic acid
(DTPA) as described by (Lindsay and Norvell, 1978) and their contents were determined using atomic
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absorption spectrophotometer (AAS). Exchangeable bases (Ca and Mg) were extracted with
diethylenetriamine pentaacetic acid (DTPA). The extracts of Ca and Mg were analyzed using AAS.

Results and Discussion
Compost electrical conductivity

As partially decomposed organic matter, compost can have a range of characteristics. The analytical
results for electrical conductivity of compost sample taken from seven districts of western Oromia were
shown in (Table 2). The mean electrical conductivity of compost prepared by farmers from diversified
materials in Guto Gida, Sasiga, Guduru, Horro, Jimma Ganati, Hawa Gelan and Nedjo districts were
1.12, 1.73, 1.92, 1.40, 1.65, 1.99 and 1.86mmhos/cm, respectively, safely below (< 4.0 dSm™) the
stipulated range for saline toxicity as per USCC (2002, in Evanylo, 2006). According to Leaon (1995),
desired ranges for electrical conductivity of compost ratio was < 2.5mmhoscm™. Higher than desired salt
levels can be harmful to germinating seeds and plants when compost is a component of the growing
medium. The desired ranges may not apply when compost is used as an amendment because of the
diluting effect of mixing the compost with soil. Therefore, electrical conductivity of the compost in all
study districts was in the range of the desired level. Therefore, in relation with its salinity compost of the
study area prepared by farmers from diverse materials is suitable for crop production.

Compost pH

Laboratory analysis pH results of compost prepared by farmers in Guto Gida, Sasiga, Guduru, Horro,
Jimma Geneti, Hawa Gelan and Nedjo districts were 7.63, 7.53, 8.04, 7.25, 7.90, 7.90 and 8.20,
respectively (Table 2). According to Chude et al (2005) reaction classification based on pH (H:0),
compost’s pH was slightly alkaline to moderately alkaline (7.4 to 8.4) for all districts. The desired range
of compost pH values for crop production was 6-7.5 (Leaon, 1995). Compost pH values below and above
these range will affect its growth and yield. Compost pH result in all the study districts except Horro
district is clearly indicated that the values were above the described ranges. This pH range is not in the
optimum range for growing media as mentioned by (Bunt, 1988) who stated that the optimal range is
from 5.2-7.3. However, it is important for acid soils amelioration especially in western Oromia and
specifically the study areas. Compost collected from Nedjo District was more alkaline (pH = 8.2), while
that of Guduru District (pH = 8.04) is less alkaline.

Composts prepared in different sites of the study area were well matured, as mature composts mature
have pH between 7 and 9 (Avnimelech et al., 1996). Compost may help buffer soil toward neutral. It
depends on the kind of material composted and the final pH of the compost.

Available phosphorus

Available phosphorus level of compost collected from Guto Gida, Sasiga, Guduru, Horro, Jimma Ganati
and Hawa Gelan districts were 92.29, 60.14, 84.79, 73.74, 99.86 and 130.96 ppm (Table 2). The highest
P level (130 ppm) was recorded from composts collected in Hawa Gelan district while the minimum
(73.74 ppm) was from Horro district. This variation in P levels might be attributed to differences of
materials from which the compost was prepared. The desired ranges of phosphorus level of compost
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varies because of variation in raw materials used, degree of decomposition, moisture content, nutrient
content, salt content, acidity/alkalinity and contaminants (organic and non-organic materials or heavy
metals). According to Szczech (1988), compost that is prepared through conventional method has
standard values of phosphorus, 0.47% and potassium, 0.70%. Therefore, compost prepared by farmers in
the study districts of western Oromia had very low level of phosphorus.

Organic carbon and total nitrogen

The compost prepared in the eight districts of Wollega zones Guto Gida, Sasiga, Guduru, Horro, Jimma
Geneti, Hawa Gelan and Nedjo had organic carbon content of 7.83, 7.17, 6.79, 8.58, 7.25, 5.19 and 5.38
%, while total N contents were 0.67, 0.62, 0.59, 0.74, 0.63, 0.45 and 0.55%, respectively. Therefore, with
C: N ratio of 11.6, it is ratio that favors net mineralization.

National Standard of Canada for organic amendments (1996) indicatee that matured compost must have a
C:N less than or equal to 25 since in general report, the decomposition of compost with a C:N ratio lower
or equal to 25 in a soil does not involve the immobilization of the nitrogen from the soil to the detriment
of plant. The maturity is often assessed by the C:N ratio It has been showed that C:N ratio close to 10-15
corresponds to a mature compost can significantly improve soil on which plants derive nutrients for
growth (Namkooing et al. , 1999). Nitrogen is slowly released by compost and made available for plant
growth. The amount is dependent on the compost application rate and the percent of nitrogen in the
compost. Standard values of compost that was prepared through conventional method had total nitrogen
of 1.94%. Total N of collected and analyzed compost sample were lower than that of the prescribed range.
Low levels of nutrients may indicate incomplete decomposition or low amount of nutrients in the original
materials. In the latter stages of composting, nitrate can leach from the compost.

Calcium, magnesium, and micro-nutrients

The nutrient contents of Ca and Mg of the composts ranged from 44.79-83.72ppm and 1.4-8.6ppm,
respectively, i.e., generally classified as low contents. Low levels of nutrients may indicate incomplete
decomposition or low amount of nutrients in the original materials. In west Oromia soil is deficient in
essential nutrients due to soil acidity and other factors. Hence, the materials used for composting in the
study areas might have low levels of secondary essential macro-nutrients.

Composting accumulate (concentrate) nutrients and helps for slow-release, i.e., more efficient plant
uptake and less nutrient leaching. It provides macro- and micro-nutrients to the plants and improves soil
structure, and water holding capacity of the soil for good aeration, thereby improving root growth (Tomati
et al. 1987).
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Table 2. Summary of laboratory analysis results of farmers’ composts in the study districts

District
Parameter G/Gida  Sassiga  Guduru Horro J/Gannati H/galan Nedjo
Electrical conductivity ( mmhos/cm)
N 27 24 16 9 10 19 41
Mean 1.12 1.73 1.92 1.40 1.65 1.99 1.86
Std. E. of Mean 0.18 0.31 0.45 0.46 0.33 0.43 0.37
Minimum 0.29 0.06 0.68 3.90 0.73 0.29 0.34
Maximum 3.99 6.33 7.07 9.00 3.69 8.49 6.03
pH (1: 5 H,0)
N 27 24 16 9 10 19 41
Mean 7.63 7.53 8.04 7.25 7.90 7.90 8.21
Std. E. of Mean 0.10 0.16 0.19 0.32 0.23 0.16 0.21
Minimum 6.50 5.95 6.65 8.75 6.39 5.73 6.45
Maximum 8.78 8.55 9.19 9.00 9.18 9.15 9.69
Avail. P (ppm)
N 27 24 16 9 10 19
Mean 92.29 60.14 84.79 73.74 99.86 130.96
Std. E. of Mean 5.62 7.03 6.87 8.77 9.28 5.56
Minimum 50.22 12.30 40.86 110.41 58.81 41.14
Maximum 136.52 137.82 132.05 9.00 146.08 156.55
OC (%)
N 27 24 16 9 10 19 41
Mean 7.83 7.17 6.79 8.58 7.25 5.19 6.38
Std. E. of Mean 0.50 0.58 0.33 1.07 0.82 0.31 0.10
Minimum 3.81 3.12 4.65 12.09 4.95 2.86 3.41
Maximum 13.37 15.45 9.17 9.00 12.60 8.37 12.79
Total N (%)
No. 27 24 16 9 10 19 41
Mean 0.67 0.62 0.59 0.74 0.63 0.45 0.55
Std. E. of Mean 0.04 0.05 0.03 0.09 0.07 0.03 0.33
Minimum 0.33 0.27 0.03 1.04 0.43 0.25 0.29
Maximum 1.15 1.33 0.03 9.00 1.09 0.72 1.10
Ca (ppm)
No. 27 24 16 9 10 19
Mean 79.99 71.88 83.72 47.87 44.79 61.00
Std. E. of Mean 4.72 5.89 9.22 5.25 7.86 2.32
Minimum 39.13 21.41 8.60 78.99 18.26 41.86
Maximum 115.69 127.44 151.91 9.00 85.56 95.43
Mg (ppm)
No. 27 24 16 9 10 19
Mean 8.56 8.61 7.00 1.40 5.60 8.44
Std. E. of Mean 0.55 0.65 0.79 0.46 1.14 0.36
Minimum 3.72 2.61 0.89 3.90 1.56 6.11
Maximum 14.50 13.50 12.78 9.00 12.11 12.16

110



Conclusion and Recommendations

Due to diverse nature of composting materials, the quality of the compost varied widely. Compost testing
is pre-requisite before applying compost to the field. It can be concluded that only electrical conductivity
of the compost is in the desired ranges for crop production. The nutrient contents of the compost were in
the desired ranges for crop production. The nutrient contents of compost were very low. The pH values
fall in alkaline range posing influences on crop production. The compost in the study area mainly
prepared from soil, ash, crop residues, cow dung and waste materials. Ash might make it alkaline and
other inputs contain less concentration due nutrient deficiency of soil or may indicate incomplete
decomposition. Preparation of farmers’ compost has to emphasize on materials to be used for composting,
decomposition time, temperature, moisture, procedures and others. Finallly, farmers need to be trained on
techniques of compost preparation and selection of materials to prepare quality composts.
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Abstract

The experiment was conducted from 2016-2018 cropping seasons at Mechara Agricultural Research
Center, on-station, to evaluate nutrient contents of vermicompost made from different material sources.
Composting materials as treatment were sorghum, maize, teff, and haricot bean straw, grasses, mixed
straw and red worms (Eisenia fetida) were selected to prepare the compost. 2.5kg collected materials
were chopped and added to the worm bin through mixing with 1kg decomposed animal manure as a
starter and sprayed with water to maintain optimum moisture for worms. Bottompart of plastic bag was
drilled to drain excess water in the pin. The mixture straw was prepared from 0.5kg of each material
source. After optimum moisture was adjusted 100 earthworms were counted and added to each treatment.
Matured composite vermicompost samples were prepared from the three plastic bags were collected for
laboratory analysis. The collected samples were air dried, crushed and passed through 2 mm sieve after a
careful removal of undecomposed plant parts and other unwanted materials for some nutrient analysis in
the laboratory. As laboratort analysis results indicated the contents of CEC, total nitrogen (TN),
exchangeable potassium, exchangeable calcium, and exchangeable magnesium were very high when
compared to their availability in the compost. The analysis results showed highest primary
macronutrients (total nitrogen and available phosphorus) were recorded from vermicompost prepared
from grasses and available potassium from teff straw. Highest and lowest CEC were recorded from
vermicompost prepared from teff straw and haricot bean straw, respectively. Highest extractable Fe, Mn,
Cu and Zn were recorded from vermicompost made from maize, haricot bean and sorghum straw,
respectively. In addition, vermicompost made from all materials showed highest nutrient contents.
Therefore, vermicompost could be used as organic fertilizer sources for micronutrient for soils deficient
in these micronutrients.

Keywords: Nutrient content, vermicompost, compost materials

Introduction

Heavy use of agrochemicals since the “green revolution” of the 1960s boosted food productivity at the
cost of environment & society. It Killed the beneficial soil organisms & destroyed their natural fertility,
impaired the power of ‘biological resistance’in crops making them more susceptible to pests & diseases
(Sujit, 2012). Chemically grown foods have adversely affected human health. The scientific community
all over the world is desperately looking for an economically viable, socially safe & environmentally
sustainable alternative to the agrochemicals is vermicompost (US Board of Agriculture, 1980).
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Vermicomposting is defined as a bio-oxidative process in which detritions earthworms interact with
microorganisms and other fauna within the decomposer community, thus accelerating the stabilization of
organic matter (OM) and greatly modifying its physical and biochemical properties of soil (Dominguez,
2004). Epigeic earthworms are natural colonizers of organic waste and the following properties make
them suitable for vermicomposting: high rates of consumption, digestion and assimilation of OM;
tolerance to a wide range of environmental factors; short life cycle, high reproductive rates, and
endurance and resistance to handling (Dominguez and Edwards, 2010). Few epigeic earthworms display
all these characteristics, and only four species have been extensively used in vermicomposting facilities.
Eisenia andrei, redworms [Eisenia fetida], Perionyx excavatus and Eudrilus eugeniae (Dominguez and
Edwards, 2010). Red worms are local endemic species therefore appear to be appropriate for
vermicomposting; as such species are well adapted to different environmental conditions.

According to Ruz-Jerez and Tillman (1992) vermicompost is an excellent soil additive made up of
digested compost and worm castings, and are much higher in nutrients and microbial life; therefore,
considered as a higher value product and worm castings product contain up to 5 times the plant available
nutrients found in average potting soil mixes. Chemical analysis of the casting was conducted and found
that it contains 5 times the available nitrogen, 7 times the available potash and 1.5 times more calcium
than that found in 15cm of good topsoil. In addition, the nutrient life is up to 6 times more in comparison
to the other types of compost.

Ferreras, et al., (2006) and Marinari, et al., (2000) observations indicate that addition of 20tha™
vermicompost to agricultural soil in two consecutive years significantly improved soil porosity and
aggregate stability and the number of large elongated soil macro-pores increased significantly after a
single application of the dose of vermicompost equivalent to 200kgha™ of nitrogen to corn field. Similarly,
Gopinath et al., (2008) reported significant decrease in soil bulk density and significant increase in soil pH
and total organic carbon after application of vermicompost in two consecutive growing seasons, at the rate
equivalent to 60 kgha™ of N; together these changes in soil properties improve the availability of air and
water, thus encouraging seedling emergence and root growth.

In nature as a laboratory, earthworms convert organic waste into renewable energy production and
enhance biotechnological process of composting action for production of better product, which are
sources of plant nutrients and essential for maintaining soil productivity with macro- and micro-nutrients
present in organic waste represent a low-cost, environmentally friendly alternative to mineral fertilizers
for crop growth and recovery of soil body. Microorganism and earthworms are important biological
organisms helping nature with nature to maintain nutrient flow from one system to another and recover
the nature to minimize environmental degradation.

The earthworm population is about 8-10 times higher in uncultivated area so most of north-east and
central part of Ethiopia suffer under soil degradation and loss of nutrients due to various reasons cultural
belief of sand remains of early extension, land tenure systems, scarcity of organic materials,
fuel needs, high population densities and deforestation, climate change, inadequate use of
synthetic fertilizers, low availability of organic soil amendments and fertilizers, etc. These clearly
designate that earthworm population decreases as soil quality diminution and it could be used as a
sensitive indicator of soil degradation (Devi, 1998). Thus West Hararghe Zone is grouped under these
situations. To alleviate such problem, this study was initiated with the objectives of evaluating the
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quality and nutrient content of vermicompost made from different material sources, and to identify and
recommend the best composting materials.

Materials and Methods
Description of the study area

The evaluation was made at Mechara Center, on-station in DaroLabu District of West Hararghe Zone of
Oromia. It is located at 434 km East of Addis Ababa and about 115 km from Chiro town, West Hararghe
Zone. The district is located between a range of 1350 and 2450masl. Longitudinal and latitudinal position
of experimental site is 40°19.114E and 08°35.589 N, respectively.

Map of the Study Area
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Figure 3. Map of the study area
Soil and climate

The major soil type of the study area is Nitisols and its textural class is sandy loam clay which is reddish
in color. The area has bimodal type of rainfall distribution with annual rainfall ranging from 900-1300mm
(average annual rainfall of 1094 mm). Short rainy season is from March to April and long rainy season is
from June to October. The ambient temperature of the district varies from 14-26°C with average of 20°C
(Mechara Center Weather Station, 2009-2014).
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Farming system

The agricultural activities in the district are mainly characterized by the presence of subsistence mixed
farming system, of both crop production and livestock. The livelihood of the people in the district
depends on the livestock and crop production. Since the farmer practices the cut and carry grazing system,
they use crop residue for livestock/animal feed especially during dry period. In turn, the farmers collect
manure from their livestock, distribute on the field, and used as organic fertilizers for crop production.
The major cereal crops produced in the district are Sorghum and Maize, vegetables (onion, potato,
redroot, tomato and cabbage) in irrigation areas, fruits (banana, mango,), and cash crop such as khat
(Catha edulis) and coffee. The rarely produced crops are teff, wheat and barley (BoARD, 2014).

Vermiculture establishment

Vermiculture was constructed for vermicompost production and multiplication of worms. The foundation
floor was constructed by cements. The size of vermiculture was 4 x 5m depending on the worm bin. Steel
iron sheet was used to cover the top of the house to protect worms from sunlight and rainfall. Four sides
of the house were covered by meshwire to protect birds and other animals attack and ash was used to
control small ants. The worm bin, place where worms live and produce compost, shallow boxes were
constructed in the house with the dimension of 0.4m height x 0.5m width x 1m length from concrete
cement.

Experimental materials and vermicompost preparation

Vermicompost was prepared from different material sources that were locally available maize, sorghum,
grasses, haricot bean, teff and mixed straw. Red worm (Eisenia fetida) was used as a decomposer, which
was taken from Haramaya University. The collected compost materials were chopped and added to the
worm bin. Animal manure was added to all materials in equal amount. However, plastic bags were used
to apply the treatments in the vermiculture. All materials were chopped, added to plastic bags, and mixed
with decomposed animal manure as a starter, and sprayed with water to maintain optimum moisture for
worms. The mixtures of composting materials were prepared from equal amount (0.5kg) and finally
mixed with decomposed animal manures; composting materials of 2.5kg were mixed with 1kg of
decomposed animal manure and filled based on the volume of worm bin/plastic bag calculated as
spherical frustum formula 1/6zh (3a?+3b*+h?) (Harris and Stocker, 1998) and the volume was 0.047m?,
After optimum moisture was adjusted, 100 earthworms were counted and added to each treatment.
Bottom of plastic bag was drilled to drain excess water.Water was sprayed as it is needed to keep the
optimum moisture status of the worm feed.
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Where h=0.175m
B=0.17m

a=0.27m

V = 1/6mh (3a2+3b?+h?

= 1/6mh (3*0.27m?+30.17m?+0.175m?)

=0.047Tm?
Vermicompost sample collection and preparation

Each composting material was digested in three plastic bags. Matured composite vermicompaost samples
were prepared from the three plastic bags by mixing the three vermicompost and 1kg sample was taken
for laboratory analysis. The collected samples were air dried, crushed and passed through 2 mm sieve
after a careful removal of undecomposed plant parts and other unwanted materials for some nutrients
analysis at Ethiopian Construction Design and Supervision Works Corporation Research, Laboratory and
Training.

Vermicompost analysis

Vermicompost samples collected were analyzed for soil reaction pH (H:0), electrical conductivity,
available phosphorus and potassium, organic carbon, total nitrogen, exchangeable bases (Na, K, Mg and
Ca), CEC, and extractable micro-nutrients (Fe, Mn, Zn and Cu).

Table 1. Parmeters analyzed from verim-compost prepared and laboratory methods used

No. Parameter Unit Method

1 pH - Potentiometric

2 EC mS/cm Conductivity Cell Poteniometric
3 Avail. P mg P,0s/kg soil Olsen

4 Avail. K mg K0/kg soil Ammonium Acetate
5 oC % Walklay Black

6 TN % Kjeldehal

7 Exchangeable Ca meq/100 gm of soil Ammonium Acetate
8 Exchangeable Mg meq/100 gm of soil Ammonium Acetate
9 Exchangeable Na meq/100 gm of soil Ammonium Acetate
10 Exchangeable K meq/100 gm of soil Ammonium Acetate
11 CEC meq/100 gm of soil Ammonium Acetate
12 Extractable Fe mg/kg soil DTPA Extraction
13 Extractable Zn mg/kg soil DTPA Extraction
14 Extractable Cu mg/kg soil DTPA Extraction
15 Extractable Mn mg/kg soil DTPA Extraction

116




Results and Discussion

Table 2. Summary of laboratory analysis results of vermicompost prepared from different material sources

Parameter Material

Haricot bean Grasses Mixed straw Teff Maize Sorghum
pH (H:0) (1:2.5) 8.41 7.51 8.09 8.15 8.39 8.43
EC(mS/cm) ( 1:2.5) 4.06 5.27 3.69 4.21 451 3.29
Exch.Na (meg/100gm of vermicompost) 1.43 1.05 1.48 1.36 1.57 2.04
Exch.K (meg/100 gm of vermicompost) 11.59 10.00 20.72 20.92 19.90 18.97
Exch.Ca (meg/100 gm of vermicompost) 26.80 31.20 32.00 35.20 34.00 34.00
Exch.Mg (meg/100 gm of vermicompost) 13.20 12.80 10.00 12.00 12.00 12.00
CEC (meg/100 gm of vermicompost) 57.39 58.26 63.04 68.70 66.09 63.04
Sum of Cations (meg/100gm of vermicompost) 53.02 55.05 64.20 69.48 67.46 67.02
Organic Carbon (OC) (%) 21.26 34.66 27.08 27.00 28.21 23.35
Total Nitrogen (TN) (%) 3.04 4.26 3.73 3.77 3.09 3.16
C:N Ratio 7.00 8.14 7.27 7.16 9.13 7.39
Available P (AV.p) (mg P2Os/kg vermicompost) 775.39 1277.62 829.91 1023.80 | 987.38 905.96
Auvailable K (Av.K) (mgK20O/kg vermicompost) 6963.6 4987.0 4571.5 7327.7 | 4545.47 3740.40
Fe (mg/kg vermicompost) 29.56 29.05 38.23 54.24 46.01 46.02
Mn (mg/kg vermicompost) 354.35 101.83 120.87 117.66 105.14 112.03
Cu (mg/kg vermicompost) 4.24 1.30 2.67 0.90 4.20 6.67
Zn (mg/kg vermicompost) 32.32 35.81 41.33 45.67 41.05 58.72




Compost pH

The results indicated that the pH of vermicompost ranged from 7.51-8.43 (Table 2 and Figure 1).
According to the pH rating by Tekalign (1991), it was ranged from moderately to strongly alkaline.
Similarly, Rogelio et al., (2005), Dickerson (1994) and Jouquet et al., (2013) reported similar results in
which the pH status of vermicompost was ranged from 6.8-8.41; Padmavathiamma, et al., 2008 also
reported that the pH of vermicompost ranged from neutral to alkaline. A pH greater than 8.5 and electrical
conductivity of 8 dS m™ were found to harm earthworms. Alklainity and salinity are harmful to both
earthworms and microorganism (Santamaria et al., 2001). Thus the prepared vermicompost doesn’t have
salinity/alkalinity problems. Fares et al., (2005) found that the increased pH at the end of the composting
process, which was attributed to progressive utilization of organic acids and increase in mineral
constituents of waste.

pH H,0 (1:2.5)

haricot bean grass mixed straw teff maize sorghum

8.60
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Fig. 1. pH values of vermicompost prepared from different material sources

Electrical conductivity

In order to assess the salinity hazard of vermicompost, electrical conductivity (EC) measurements are
carried out. The soluble salt content can be estimated from the electrical conductivity of a vermicompost
suspension in distilled water. The highest (5.27 mmhos/cm) and lowest (3.29 mmhos/cm) EC was
recorded from grass and sorghum straw respectively (Table 2 and Figure 2). According to Soil salinity
status in terms of EC (Richards, 1954), vermicompost made from Sorghum and mixed straw showed
slightly saline while from haricot bean, grasses, teff and maize straw showed moderately saline. The
increased EC during the period of the vermicomposting processes is in consistence with that of earlier
workers Kaviraj and Sharma, (2003); Jadia and Fulekar, (2008), which was probably due to the
degradation of organic matter releasing minerals such as exchangeable Ca, Mg, K and P in the available
forms, that is, in the form of cations in the vermicompost (Guoxue et al., 2001; Tognetti et al., 2005).
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Fig. 2. Total electrical conductivity of different vermicompost materials

Organic carbon

Organic matter is the material in soil that is directly derived from plants and animals, and it supports most
important micro-fauna and micro-flora in the soil. This study showed that the highest organic carbon was
recorded from grasses 34.66% and the lowest from haricot bean, 21.26% (Table 2 and Figure 3).
According to Tekalign (1991) the status of organic carbon in vermicompost is high when compared with
its availability in compost.

Organic Carbon (OC) (%)
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Fig.3. Organic carbon content of vermicompost prepared from different materials
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Available phosphorous

The laboratory analysis result showed that lower (775.39ppm) and higher (1277.62ppm) available
phosphorous was recorded in vermicompost prepared from haricot bean straw and grasses, respectively
(Table 2 and Figure 4). The variation might be attributed to different material sources. The enhanced P
level in vermicompost suggests phosphorous mineralization during the process. During vermicomposting,
the worms converted the insoluble P into soluble forms with the help of P-solubilizing microorganisms
through phosphatases present in the gut, making it more available to plants (Padmavathiamma et al.,
2008; Ghosh et al., 1999). When the values were compared to soil, available phosphorous from
vermicompost prepared from all composting materials was very high. This was in agreement with the
findings of Nagavallemma et al. (2004) that reported the available phosphorous in vermicompost was
0.19-1.02% (1,900-10,200ppm). Thus, application of vermicompost could increase P content of the soil if
the soil is deficient with phosphorus.

Available P (mg P,0Os/kg)
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Fig.4. Available phosphorous content of different vermicompost

Available potassium

The result revealed that the highest available K was recorded from grasses followed by teff strow (Table 2
and Figure 5). The result was in agreement with the range that stated by Nagavallemma et al., (2004)
1500-7300mg/kg of available K in vermicompost prepared from oganic materials; other study indicated
that available K in vermicompost was 950.5mg/kg (Kalantari, et al., 2009). Similar study appeared that
backyard vermicompost of total potassium content was 8.2g/kg (8200mg/kg) (Tognettia et al., 2013).
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Fig. 5. Available potassium of vermicompost from different straws

Total nitrogen

The highest total N (4.26%) and lowest (3.04%) were recorded from vermicomposts of grasses and
haricot bean straw, respectively (Tabel 2 and Figure 6). The variation of TN among the vermicompost
attributed to the substrates digested by worms. Because different types of straw contain different nitrogen
contents.Similarly, S.Kalantari et al. (2009) reported that 3.50% of total nitrogen was recorded from
vermicomost. George W. Dickerson (1994) reported that total nitrogen recorded in vermicompost was
1.94%. According to Tekalign (1991) rating of total nitrogenin a soil, vermicompost made from all
substrates was high (>0.25%) and significantly greater than that found in the soil. Therefore,
vermicompost application in to the soil could increase total nitrogen. Similarly, finding of Tigist et al
(2017) also revealedthat application of vermicompost could increase total nitrogen in a soil.

Total nitrogen (%)
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Fig.6. Total nitrogen content of different vermicompost materials

Carbon to nitrogen ratio

The study revealed that highest C: N ratio (9.13) was recorded from maize straw and lowest (7.0) from
haricot bean straw (Table 2 and Figure 7). Carbon to nitrogen ratio is an indicator of nutrient
mineralization and immobilization whereby low C: N ratio indicates higher rate of mineralization and
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higher C: N ratio indicates greater rates of immobilization (Brady and Weil, 2002). The laboratory
analysis result showed that highest total nitrogen was recorded which was mineralized by earthworms
from maize straw. Lower C: N ratio was observed due to higher mineralization of nitrogen; according to
Senesi (1989), C: N ratio < 20 indicated advance in organic matter stabilization and reflects a satisfactory
degree of maturity of organic wastes. Similarly, several studies confirmed that 7.48 and 5.51 C: N ratios
were recorded from vermicompost (Alves et al. 2006; Kalantari et al., 2009). The decrease in C: N ratios
in vermicompost is inconsistence with the findings of earlier investigators (Suthar, 2007; Garg et al.,
2006) which was 9.89-10.4.

C:N ratio
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Fig.7. C: N status of vermicompost from different straws
Cation exchange capacity

Cation exchange capacity is the capacity of the soil to hold and exchange cations. If the CEC of a soil is
low, the soil is infertile. Among the treatments, teff straw contained the highest CEC (68.7 cmol+kg™)
(Table 2 and Figure 8). However, as per CEC rating indicated by Hazelton and Murphy (2007), the CEC
of vermicompost made from all materials was rated to very high status. This result confirmed the study
conducted by Jouquet et al. (2013) reporting 57.8 cmol+kg™ of CEC. Therefore application of
vermicompost made from all substrates could increase CEC content of the soil in areas where soil with
low CEC.

CEC(meqg/100 gm)
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Fig. 8. Cation exchange capacity of vermicompost prepared from different materials
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Exchangeable bases

The exchange complexes of the vermicomposts were dominantly occupied by Ca? than other basic
cations in proportion. The analyzed result showed that highest (35.20 meg/100 gm) and lowest (26.80
meg/100 gm) exchangeable Ca** was recorded from vermicompost made from teff and haricot bean
straw, respectively (Table 2). However, according to FAO (2006) rating of exchangeable bases all
vermicompost made from all substrates were high in their exchangeable Ca*. The highest (13.20
meqg/100 gm) and lowest (10 meg/100 gm) exchangeable magnesium was obtained from haricot bean and
mixed straw substrates, respectively which were rated as very high status (FAO, 2006). All vermicompost
made from all substrates were high in their Exchangeable K* according to their ratings. Also
exchangeable Na* was very high in all substrates except in sorghum straw substrates which were high in
their status. This was in agreement with the findings of Amir and Fouzia (2011) reported that the
exchangeable bases (Ca**, Ma®*, K* and Na*) were significantly increased in vermicompost as compared
to pit compost.

Extractable micro-nutrients
lron

Highest (54.24 mg kg™) values of DTPA extractable iron was recorded from vermicompost made from
teff straw and lowest (29.05 mg kg™) value from grass straw substrates (Table 2). According to the rating
of Jones (2003), the contents of extractable Fe for all vermicompost made from all substrates was high.
Similarly, Dickerson, (1994) reported that very high iron contents were recorded from vermicompost.
Therefore, vermicompost made from those substrates could be applied to reduce the iron deficiency of
soil.

Manganese

Highest (354.35 mg kg™) and lowest (101.83 mg kg?) extractable manganese were recorded from
vermicompost prepared from haricot bean and grass straw substrates, respectively (Table 2 and Figure 9).
According to the rating of Jones (2003), the contents of extractable Mn for all vermicompost made from
all substrates wasmet in the range of very high.Nagavallemma KP et al. (2004); Rajiv K et al. (2010);
S.Kalantari et al. (2009); George W. Dickerson (1994) indicated that Mn content of vermicompost was
very high. Therefore, vermicompost could be used as manganese fertilizers to solve Mn deficiency
problem of soils based on the available substrate materials.
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Fig.9. Manganase content of vermicompost prepared from different composting materials
Zinc

The study was revealed that the highest (58.72 mg kg*) Zinc content among treatment was vermicompost
made from sorghum straw while least (32.32 mg kg™) was recorded from haricot bean straw substrates
(Table 2 and Figure 10). Extractable Zn contents of vermicompost were very high and can solve the
deficiency of Zn according to the rating indicated for soil (Jones, 2003). This was in agreement with the
findings of George W. Dickerson (1994), Rajiv K et al. (2010), who found that very high Zn contents
were recorded from vermicompost.
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Fig.10. Zinc status of vermicompost prepared from different straws
Copper
Highest (6.67 mg kg™) and lowest (0.9 mg kg™*) Cu content was recorded from vermicompost made from

sorghum and teff straw substrates respectively (Table 2 and Figure 11). According to the rate indicated by
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Jones (2003), low Cu content was recorded from grass and teff straw substrates while medium Cu status
was obtained from haricot bean, maize and mixed straw substrates. Highest Cu contents were recorded
from vermicompost prepared from sorghum straw. These variations might be attributed to the Cu contents
of substrates from which vermicompost were made.
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Fig.11. Copper content of vermicompost prepared from different material sources

Conclusion and Recommendations

Vermicompost is nutritionally rich organic fertilizer, which releases nutrients in the soil and improves
quality of the plants as well as it renewed physical and biological properties of soil. Vermicompost
prepared from locally available materials, haricot bean, grass, teff, maize and sorghum straw and mixture
of all straws were analyzed in laboratory for evaluation of their nutrient contents. The laboratory analysis
results showed that highest macro-nutrients (total nitrogen, available phosphorus and available potasium)
were recorded from vermicompost prepared from grasses and available potassium from teff straw. In
contrast, lowest TN and available P were recorded from haricot bean straw and lowest available
potassium recorded from vermicompost from sorghum straw. Highest and lowest CEC were recorded
from vermicompost prepared from teff straw and haricot bean straw, respectively. The highest extractable
Fe, Mn, Cu and Zn were recorded from vermicompost of maize, haricot bean and sorghum straw,
respectively.

Generally, vermicompost prepared from all material sources showed highest nutrient contents for all
parameters and can play dominent role in enhacing nutrient deficiecy of the soils. Therefore, all
composting materials could be used for vermicompost preparation based on the availabilityof materials
and could be used as organic fertilizers source for macro- and micro-nutrient of soils deficient with these
nutrients. Future research is needed for further studies on application rate of vermicompost and their
effect on crop productivity and production, and soil physic-chemical properties under field conditions.
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Abstract

Bamboo is one of the fast growing and well responding against drought which can make the species more
acceptable in making ever green environment in addition to soil and water conservation, and
rehabilitation of degraded lands. The experiment was conducted on the effect of different propagation
methods using three lowland bamboo species to recommend the best propagation methods. It was
conducted at Bako Agriculture Research Center, on-station, from 2015-2017 production years. Factorial
arrangement of randomized complete block design (RCBD) with three replications was used. The
vegetative propagation materials were rhizome and branches, lower and middle culms cutting parts of
three species (Oxythenantera abyssinica, Dendrocalamus hamlitonii, and Dendrocalamus
memebranceous) were used. A total of 144 planting materials were planted in the experimental site. Four
planting materials were used in each plot. There was significant difference between the species and
propagation methods. The newly emerging shoots revealed significant difference under Dendrocalamus
hamlitonii (1.30+£0.8) among other species. Under all propagation methods Dendrocalamus hamlitonii
showed better performance than others in survival rate, root collar diameter, culm height and internodes
length; however, branch propagation method under all species showed poor performance. Therefore, this
study confirmed that following rhizome part using lower and middle culm part is promising in selected
bamboo species. Further investigation on the biological factors that hampers the initiations of new shoots
and survival in using branch cutting methods is recommended.

Keywords: Bamboo, branch, culms, propagation, rhizome, shoots

Introduction

Bamboo is a woody perennial belonging to the family of grasses, Gramineae (Poaceae) with unique
qualities (Wang, 2006). It is a self-regenerating and renewable non-timber natural resource. It’s a fast
growing and self-sustaining species once established (Bystriakova et al. 2004). In bamboo growing
countries of the world, bamboo is well known as a multipurpose plant with a numerous of application
ranging from construction material, furniture, fence, handicraft, pulp and paper, edible shoots and animal
fodder (CIBART, 2004; Kassahun, 2004). Ethiopia has an estimated one million hectares of natural
bamboo forest, the largest in African. Despite the versatile resource base and advanced bamboo utilization
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at a global scale, its great potential to enhance socio-economic and ecological development remains un-
realized in Ethiopia (Zenebe et al. 2014).

The bamboo species found in Ethiopia are the African alpine bamboo (Yushinia alpina) and the lowland
bamboo (O. abyssinica). Yushinia alpine was previously called Arundinaria alpina (A.alpina). These two
species are indigenous to Ethiopia and endemic to Africa (Ensermu, et al. 2000). The solid-stemmed
O.abyssinica covers area of more than 800,000 ha, which accounts 85% of the bamboo area coverages in
the country (Embaye, 2000). In Ethiopia, O. abyssinica is prominent in river valleys and locally on the
escarpment of western part of the country such as the Benshangul Gumuz Regional State (Ensermu et al.
2000). It co-exists with several other species especially the Combretum-Terminalia broad leaved
deciduous woodland vegetation common to this part of the country (Sebsebe et al. 2003). Even though,
Ethiopia has huge bamboo resources, as a result of demand for fuel wood and wood products, currently
suggested the resource is declined in higher rate.

At present, high population growth in the country has led to increase the demand for food and natural
resources and hence increase the need of additional agricultural land at steeper and higher upland areas
for agricultural cultivation that leads to soil erosion which is damaging agricultural production supporting
ecologies and their services. According to Banik (1995), bamboos can be propagated either by sexual
(reproductive) or asexual (vegetative) means. Sexual propagation is by means of seeds. However, this is
not popular in the country due to the irregularity and rarity of flowering of common bamboo species plus
difficulties to transport and store seeds (Lal, et al. 1998; Reddy, 2006, Azene, 2007). In addition to this
the nature of bamboo seeds is difficult to manage since this species gave seeds once in its life time. After
giving the first seed within 30-70 years old the species immediately collapse so it’s difficult to propagate
through seed since the resource of seed is very limited. Propagation makes use of different parts of
bamboo plants as propagation material. Various methods of vegetative propagation were described by
(Tesfaye et al. 2005). This method is suitable to farmers and different stakeholders for their low cost and
eases of management techniques (Jiménez and Guevara, 2007).

To diversify bamboo resources as a beginning, different research was conducted at national and regional
research center level. Although, East African Bamboo and Rattan Project conducted research on
adaptation trial by importing three exotic lowland bamboo species from China Guadua amplexofolia,
Dendrocalamus hamlitonii and Dendrocalamus memebranceous at different agro ecologies, the same trial
was conducted at Bako Agriculture Research Center to check the adaptation and performance of these
exotic species on similar agro-ecologies; the results obtained from the trail were very good. In Ethiopia,
the indigenous method of bamboo propagation by farmers is the offset method. Offset method makes the
use of the rhizomes and the portion of culms (Ahlawat et al. 2002). However, the problems in using this
method are excavating out offsets is unmanageable and labor intensive, offsets are also difficult to
transport for long distances because of their heavy weight and long length, and excavating out offsets can
damage the adjoining rhizome of the neighboring culms (Yared et al. 2017). Establishing large scale
bamboo plantations by using this technique is very expensive. Therefore, based on these problems and
limitation of seed resources this research was initiated to develop appropriate propagation methods on
three selected lowland bamboo species using rhizome, culm and branch cuttings for effective supply of
quality planting materials for large scale plantation.
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Materials and Methods

Description of the study area

This experiment was conducted at Bako Agricultural Research Center, on-station. The study area is
located at 9°06°N latitude and 37°09’E longitude as indicated in Figure 1. The area is mid-altitude, sub-
humid tropical climate with unimodal rainfall pattern, experiencing average annual rainfall of 1270 mm
and average annual temperature of 20°C (maximum 27°C and minimum 13°C). The altitude of the area is
about 1650masl. The soil is dominantly reddish brown Nitisols, pH 5-6, and clay dominated in texture
(Legesse et al. 1987).
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Figure 4. Location map of the study area

Table 1. Meteorological data of the experimental years (2015-2017)

Month Total Mean
Jan. Feb. Mar. Apr. May.  Jun. Jul. Aug. Sept. Oct. Nov. Dec.
Year -
Rainfall (mm)

2015 0.00 000 0.00 350 138.70 144.00 270.90 193.80 88.03 9.80 72.70 22.90 944.33
2016 320 290 12.80 58.04 220.30 297.30 184.20 236.10 222.80 79.10 0.00 0.00 1316.74
2017 0.00 57.80 33.00 155.80 146.50 270.00 240.70 291.30 230.20 86.40 86.30 0.00 1598.00

Average temperature (°C)
2015 205 212 215 216 21.4 20.15 2045 198 20.25 215 216 2225 25220 21.05
2016 22,7 2255 2425 2445 226 20.6 20.15 19.7 2045 21.75 222 2035 261.75 21.8
2017 205 205 2145 217 21.4 21.05 2065 1945 1995 206 20.85 22.65 250.75 20.9

Relative humidity

2015 45,70 48.00 46.00 47.00 48.00 50.00 52.70 54.70 52.00 50.00 49.30 48.50 591.90 49.33
2016 46.40 46.20 4550 46.00 49.00 5230 56.30 56.60 53.00 51.70 50.00 49.00 602.00 50.20
2017 46.00 47.00 48.60 47.00 49.00 5230 57.00 55.30 55.00 54.00 52.30 49.00 612,50 51.00
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Planting materials and tending operation

The planting materials were taken from Oxythenantera abyssinica (OA), Dendrocalamus hamlitonii
(DH), and Dendrocalamus memebranceous (DM) with one and half to two years old were prepared based
on the manuals for tropical bamboos (Banik, 1995; Ronald, 2005, Njuguna and Kigomo, 2008).
Accordingly, the propagation materials (rhizomes, braches, lower and middle culm) cutting parts were
prepared based on the procedures. Therefore, rhizomes with the presence of roots were prepared using
digging axes to separate from parent rhizome. For culms and branch parts hacksaw was used to cut and
prepare the cuttings from the selected culm parts which had nodes. After preparation the next step was
keeping the moisture of planting materials up to the planting date through applying water and mulch for
three days before planting taken place. The experiment was set up for a period of three year started in
Jung, 2015 in the main rainy season when the soil became adequately wet and watering was done in the
dry season (December to April).

Experimental design and treatments

The treatments were in 4*3 factorial arrangement of randomized complete block design (RCBD) with
three replications; based on that the total samples used for the experiment were 36. The sizes of the plots
were 4 m* 4 m (16 m?) and per plot 4 propagation materials planted in 2 m spacing. The distance used
between plots and blocks was 2m and 3m respectively. A total of 144 planting materials were planted in
the whole experimental site. The propagation materials were used as a treatments (rhizomes, braches,
Lower and middle Culm parts). Those materials were prepared and arranged on time for the experiments
accordingly since all the material is available on station.

Data collection

This experiment was conducted from 2015-2017 for three consecutive years. Data such as; number of
new emerging shoot was counted, and their culm height, root collar diameter, culm diameter, internodes
length, and survival rate in percent were measured within two months’ interval.

Data analysis

The data was arranged and summarized using Excel sheet before the actually data analysis takes place.
Data analysis was made using SAS 9.0, 2004 software. Two-Way-ANOVA was conducted and Tukey's
Honest Significance Difference (HSD) test was used throughout the comparison when statistically
significant differences (p<0.05) were observed between factors. The different graph analysis presented
using Microsoft excel sheet.

Results and Discussion
Survival rate

In this experiment the survival rate was vary among bamboo species and the treatments used. At the early
planting stage almost all species and treatments showed a better performance in producing new shoots
and survival conditions. However, the newly sprout shoots were not extend for more than two months
gradually it becomes dried due to moisture stress and diseases infested the leaf part. This problem was
observed on some of the treatments that indicated in Table 2.
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Table 2. Comparisons of survival rate in percent between species and cutting parts

At 6 month survival At one & half year age At three year age

No Propagation method (%) (%) (%)
1 Lower Culm of OA 50 25 25
2 Middle Culm of OA 0 0 0

3 Rhizome of OA 100 75 75
4 Branch of OA 0 0 0

5 Lower culmof DH 75 50 25
6 Middle Culm of DH 25 25 25
7 Rhizome of DH 100 100 100
8 Branch of DH 25 25 25
9 Lower Culm of DM 0 0 0
10 Middle Culm of DM 50 25 25
11 Rhizome of DM 100 100 100
12 Branch of BDM 0 0 0

NB: OA = Oxythenantera abyssinica; DH = Dendrocalamus hamlitonii & DM = Dendrocalamus
memebranceous

Obviously, the selected species has no problem in adaptability since the adaptation trial was done before
in the same agro-ecology by Regassa T. et al. 2016, and the result of adaptability of Oxythenantera
abyssinica, Dendrocalamus hamlitonii, and Dendrocalamus memebranceous was revealed 100% survival
in Bako Agriculture Research Center. According to the three years data Dendrocalamus hamlitonii
showed a difference in survival rate in all treatments (rhizome 100%, branch 25%, lower culms 25% and
middle culms 25%) as we compare with other species this indicates that how the specie is promising for
propagation method. Furthermore, among the four treatments indicated above in the Table 1, the only
propagation method showed a better performance in survival rate was rhizome followed by lower culms
under each species.

New emerging shoots

The emerging of new shoots always begins during the rainy season of the year after planting this might be
due to the presence of enough moisture and access of water helps to develop newly sprout shoots. On the
other hand the numbers of newly emerged shoots always differ among the species (Kamesh S. and Nipan
D. 2007) this depends up on the potential of species in producing new shoots. The newly emerging
shoots revealed a significant difference under Dendrocalamus hamlitonii (1.30+0.8) among others (Table
3). Although, among all propagation method used as treatments rhizome showed a better performance
under all species this might be due to the presence of residual roots which highly facilitate the growth of
new shoots through providing water and nutrients.
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Table 3. Summary of NES, RCD, CH and IL under each bamboo species

Species NES RCD CH IL

DM 1.17+01.26° 0.97+1.57° 1.60+1.85° 9.49+5.50°
DH 1.30+0.8% 1.26+1.18° 3.49+2.28° 11.67+3.89°
OA 1.06+0.69" 0.88+0.71° 2.01+0.55" 6.58+5.22°
Overall mean 1.18+0.45 1.04+1.12 2.37+1.55 9.26+3.87
P-Value 0.4305 0.3717 0.4873 0.2544

CV (%) 10.18 19.32 9.29 17.58

NB: NES = New Emerging Shoots (No.), RCD = Root Collar Diameter (cm), CH= Culm Height (m) and
IL= Internodes Length (cm), #Means within a column followed by the same letter are not significantly
different at P <0.05

In this experiment there is a significant difference observed in newly produced shoots between the species
and the treatments as indicated in the Table 3 and 4. The lowest result of newly emerging shoots was
recorded under lower culm of OA, Middle culm of DH and Branch of DH 0.33, 0.33 and 0.33
respectively as indicated in Table 3.

Table 4. Comparisons among propagation methods

Propagation method NES RCD CH IL

Lower Culm OA 0.33+0.06° 0.15+0.25° 0.20+0.35° 2 +0.67¢
Middle Culm OA 00 00 00 00
Rhizome OA 2.00+0.72% 1.92+0.65" 2.3 0.9 13.9+0.43"
Branch OA 00 00 00 00

Lower Culm DH 1.00+0.52" 0.25+0.2° 0.73+0.21° 9.5+0.89"
Middle Culm DH 0.33+0.53° 0.15+0.18° 0.77+0.32° 12.8+0.92°
Rhizome DH 3.00+0.78% 3.32+0.49° 4.38+1.2% 16.6+1.1°
Branch DH 0.33+0.24° 0.17+0.2° 0.53+0.45° 7.77+0.66°
Lower Culm DM 00 00 00 00

Middle Culm DM 0.67+0.42° 0.37+0.24° 0.54+0.4° 11 +0.71°
Rhizome DM 2.00+0.87° 2.87+0.76° 4.21+0.63% 16 +£0.95°
Branch DM 00 00 00 00

Overall Mean 0.78+0.49 0.77+0.37 1.14+0.65 7.46+0.96
P-Value 0.125 0.164 0.129 0.361

CV (%) 43.18 46.84 59.5 28.4

7Means within a column followed by the same letter are not significantly different at P < 0.05

As presented in Tables 3 and 4, the interaction between propagation methods and species was
significantly different at P <0.05. According to the results Dendrocalamus hamlitonii revealed good
preformance under all propagation methods, while the performance of Dendrocalamus memebranceous
and Oxythenantera abyssinica under all methods was nearly comparable.
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Root collar diameter and culm height

The root collar diameter is indicated by the thickness of the lower parts of the culms which is directly or
indirectly related with the quality of bamboo production (Kamesh and Nipan, 2007). In this study, there is
a significant difference in the mean root collar diameter increment under all propagation method and
species used. Accordingly, the root collar diameter of Dendrocalamus hamlitonii and Dendrocalamus
memebranceous was showed higher under rhizome than other propagation methods, while the lowest root
collar diameter was observed at the lower and middle culms of Oxythenantera abyssinica and
Dendrocalamus hamlitonii as indicated in Table 4 above. Culms are solid in the lower internodes, and are
hollow from the upper half up to the top of the culm. The culms of Oxythenantera abyssinica are semi-
solid when young but solid in older culms. Whereas, Dendrocalamus hamlitonii and Dendrocalamus
memebranceous relatively semi-solid and hollow at the upper part of the culms when compare to
Oxythenantera abyssinica. The full length of the culm may vary among the species as reported by Maoyi
(2005). The increments of culms height across the species and the treatments were significantly different
as indicated below in the Figure 3. According to the result obtained from the analysis showed that
rhizome propagation method under each species were highly significant in comparing with others
propagation methods, while others methods showed similar culm height increment throughout the
experiment period (Table 4 and Figure 2).
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Figure 2. Culm height (CH) increment under each species and propagation method
Internodes length

Bamboo culms structure is cylindrical and is divided into sections by diaphragms or nodes. The section
between two nodes is called internodes. In most of the species internodes are hollow, but solid in some
others. It indicates the quality of bamboo production which used for different purposes (Ronald, 2005).In
the current study there is a significant difference in the mean values of internodes length between the
propagation methods and species as presented in Table 3, 4 and 5. Following the rhizomes propagation
methods for each species lower and middle culms of Dendrocalamus hamlitonii and Dendrocalamus
memebranceous showed a good performance in internodes length. Whereas, branch propagation method
of all species showed poor performance in internodes length as indicated in Table 4.
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Table 5. Mean value of internodes length under each propagation method

Internode length IL (cm) 2yr IL (cm) 3yr
No. Propagation method (IL) (cm) 1yr
1 Lower Culm OA 5 0 0
2 Middle Culm OA 0 0 0
3 Rhizome OA 12,5 13.8 154
4 Branch OA 0 0 0
5 Lower Culm DH 4.5 11 13
6 Middle Culm DH 6 14 18.4
7 Rhizome DH 13.8 17 19
8 Branch DH 3.3 8 12
9 Lower Culm DM 0 0 0
10 Middle Culm DM 8.9 11.2 13
11 Rhizome DM 10 18.3 21.5

12 Branch DM ‘ 0 0 0

R ) :

Figure 3. The performance of seedlings at the first year of establishment
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Dendrocalamus memebranceous Dendrocalamus hamlitonii

Figure 4. Dendrocalamus memebranceous and Dendrocalamus hamlitonii stand performances after three
years

Conclusion and Recommendations

Vegetative propagation by means of offset method (rhizome with the whole culms) is traditional and
common method for bamboo propagation elsewhere. However, due to shortage of seeds, using different
vegetative propagation methods is becoming an alternative method for the propagation and expansion of
bamboo resources at small and large scales. The present finding showed that there is a significant
difference between the species and propagation methods used. According to the current results rhizome
propagation method for all species revealed better performance when compared with other propagation
methods. Among the species Dendrocalamus hamlitonii was the one showed the best performance under
all propagation methods except some variation observed in survival rate, culm height and root collar
diameter. Therefore, based on these findings, Dendrocalamus hamlitonii was the one which is appropriate
and best option for all propagation methods using rhizome, braches, and lower and middle culm parts.
However, both Dendrocalamus memebranceous and Oxythenantera abyssinica showed relatively poor
performance in all propagation methods compared with Dendrocalamus hamlitonii. In general, based on
the current results of bamboo propagation methods, it is concluded that using different cutting parts is
easy and appropriate methods next to rhizome for further expansion of bamboo resources. Further, using
different parts of culms are promising propagation methods, since the seed limitation is one of the big
challenges in bamboo propagation. Finally, to use bamboo’s full potential, it is recommend that more
fundamental research is needed for the future bamboo expansion in particular to western Oromia and
generally to Ethiopia.
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Abstract

Tree growth is a function of the genetic potential of the species and environmental conditions. Hence,
before introducing any species to a given agroecology there is always a need for a well conducted field
trial for matching species/provenance to a particular location. This study was conducted to evaluate
adaptation and growth performance of five agroforestry tree species at Erer sub-station of Fadis
Agricultural Research Center for three years (2015-2018). The five agroforestry tree species, Moringa
oliefera, Gravilea robusta, Azadarichta indica, Leuceana leucocephala and Cordia africana, were
compared in randomized complete block design with three replications. Growth parameters, diameter,
plant height and survival rate were measured and recorded at three months interval. Results revealed
that there were highly significant (P<0.05) variations among tree species in height growth, root collar
diameter development, diameter at breast height and survival rate after three years of age. This could be
due to environmental factor and/or genetic potential of the species, which generally govern the growth of
a given species. Among the species tested, Azadarichta indica showed the highest performance followed
by Leuceana leucocephala, Moringa oliefera in terms of height growth, root collar diameter and
diameter at breast height. After four years establishment, Moringa oliefera, Azadarichta indica, and
Leuceana leucocephala showed the highest survival rate with 84, 83.7 and 82.3%, respectively. However,
Gravilea robusta and Cordia africana showed lowest performance. The long dry season, which extended
from eight to ten months in the study area, clearly explained the poor survival and growth response in
some of the species. Hence it can be inferred that the conditions of Babile matched with the
environmental requirement of Moringa oliefera, Azadarichta indica, and Leuceana leucocephala. The
species therefore have better performance for future use in agroforestry practices in the area. Generally,
these findings may help forest and agroforestry users to properly allocate species into the location in
which the species adapted and well grown. Further testing of provenances of the best performing species
is recommended to select the most adaptable ones for such areas for future agroforestry practices at
wider scale on which success of agroforestry practices and forest plantations depends.

Keywords: Agroforestry, diameter at breast height, height growth, root collar diameter, survival rate
Introduction

Land degradation in Ethiopia is a major problem due to a number of factors. One of the important causes
is the removal of forest and vegetative cover as a result of increased human population leading to high
demand for forest products and land for expanding the agricultural activities (Demel et al., 2001).

Consequently, these areas are now characterized by loss of soil fertility and soil erosion problems. Eastern
Ethiopia particularly, East Hararghe highland is well known by vegetation cover and most of the
surrounding area is covered by forests comprising a rich mixture of woody species (Abebe et al., 2000).
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In spite of the importance of forest ecosystem to the livelihoods of the people in the area, the forest is
dwindling from time to time due to high exploitation of woody and non-woody products. Rapid
deforestation caused by an escalating demand for fuel wood expansion for agriculture has brought an
ever-increasing pressure on native woodland species (Mebrate et al., 2004). If no remedial action is taken,
this will cause severe impact on agricultural productivity leading to energy poverty and environmental
degradation. Frequent and severe droughts often present a serious threat for millions of lives
(Brockerhoff, 2008), which have occurred once in a decade in the 1970s and 1980s. Shortages of animal
feed and biomass energy are also such an unsustainable use of natural resources. Currently, biomass
energy constitutes 88.7% of all energy consumed in Ethiopia which is mainly derived from the woody
biomass resources (forests, woodlands, shrub lands, planted trees, agro forests). Agro forestry system has
much potential for supplying fodder, poles, farm equipment, fuel wood and agricultural improvements
(Abebe, 2000).

Multipurpose tree and shrubs species (MPTS) play a considerable role in addressing such multifaceted
demands in the mixed crop-livestock production system (Betre et al. 2000). They have the ability to fit
into the farming system to be used as a source of manure, mulch, soil conservation, forage, fuelwood,
farm implements and others like shade and shelter (Kahsay et al., 2001). However, each tree/shrub
species has its own biotic and abiotic factors in which it performs to its maximum potential. It has specific
edaphic and climatic requirements (Abebe et al., 2000).

Some possible research needs include soil-plant interactions, soil fertility and N-fixation studies on wide
range of species, crop tree yield studies and optimum tree density, socioeconomic studies, and species
selection and screening including seed tests, establishment, and management. In Babile District, farmers
practice on farm and homegarden for economic, social and environmental benefits (Getahun et al., 2014).
These traditional agroforestry practices could be intensified by using fast growing MPTS to satisfy the
demands of the growing population. Thus, before introducing any species to a given agroecology, there is
always a need for a well conducted field trial for matching of the species/provenance to a particular
location (Mebrate et al., 2004). The first trial should be a species screening trial that will test the survival
and early growth of the species in one to three years. Deciding what species to plant in any agroforestry
system to meet the intended objectives require a well-conducted field trial to match a species to a
particular location.

Many agroferstry tree species screening experiments have been conducted in different parts of the country
(Betre et al., 2000). However information is scarce in Babile area to recommend promising multipurpose
tree and shrubs species for use in agroforestry. Hence, there is a need to study adaptation of promising
tree and shrubs species in the area; and this experiment was initiated to evaluate the adaptation and
growth performance of five agroforestry tree species under Erer condition.
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Materials and Methods
Description of the study area

The experiment was conducted in Babille District, Erer sub-station. Babille District is found in East
Hararghe Zone of Oromia, Ethiopia. It is located 31 km away from the Harar town and about 557 km east
from Addis Ababa, the capital city of Ethiopia. Erer sub-station is located at latitude of 09° 10" 41.5"
North and longitude of 042° 15' 27.3" East, and the area is in the vicinity of extreme lowlands n the range
of altitude of 1200-1300 masl. The area is characterized by very short rainy season of 3-4 months (a
quarter of the year), with all its intermittent condition and erratic distribution. The mean annual
temperature was 24°C. The soil is clay loam in texture and medium in organic matter content and high in
exchangeable potassium. Generally, the pH of the soil (7.94) is in the optimum range for growth of most
plants.
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Figure 1. Mean monthly rainfall and temperature during experimental period of Erer, based on 2015-2018
meteorological data at Fadis Agricultural Research Center

142



S2T100°E 427 130°E 42°16°0°E 42°190CE  42°22°0°E 42°25°0°E  42°280°E

. | The Study Area N o

9° 201
A 97184

21T

i

A S
% i, S Legend

{5, 1Y o34t

s KM o218
Babille town 0 4 8 16

e 5 River 904l

42°00°FE AZ120E A2 180°E 42 180E 42°210°E 42280 42 27 30°E

Figure 2.Map representing the study area (Babile District)

Tree seed source

Seeds of five multipurpose tree species were obtained from Central Ethiopian Environment and forestry
Research Center (Table 1).

Table 1. Detail description of tree species used in the adaptation trial

Tree species Family name Seed source
Cordia Africana Boraginaceae CEFRC
Leuceana leucocephala Leguminosae CEFRC
Moringa oliefera Moringaceae CEFRC
Azadarichta indica Meliaceae CEFRC
Gravilea robusta Proteaceae CEFRC

CEEFRC: Central Ethiopian Environment and Forestry Research Center

Treatments and experimental design

Seeds of the tree species Cordia africana, Gravillea robusta, Azadarichta indica, Leuceana leucocephala
and Moringa oliefera were used for the experiment. Seedlings were raised directly into polythene tubes at
Kurfa Kasa nursery site, Babile District with the recommended nursery management pactivities.
Seedlings with the same age of these species were planted in the field in June 2015 using randomized
complete block design with three replications. Each block had five experimental plots, representing five
species of sixteen seedlings each. The spacing between blocks and plots was 2.5m, plot size was 6m x
6m, and the space between trees in a plot was 2m. In each plot, 16 trees were planted, and the four inner
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seedlings were taken as a sample for data collection. After planting, the site was protected from animal
grazing and human interferences for the study duration. Plantation plots were neither irrigated nor
fertilized. Survival, height (from ground level to the tip of the plant), diameter at breast height (DBH) and
root collar diameter (RCD) were recorded every three months from June 2015 to June 2018.

Data collection

In order to fit the given objectives, data were collected on four growth and adaptation parameters such as
plant height, root collar diameter, diameter at breast height and survival rate for the three years at interval
of three months. Root collar diameters were collected only up to the tree reaches 1.3meters in height
whereas plant height and survival rate were up to the end of the period of the activity by interval of three
months survival count was made for the whole trees in a plot (sixteen trees per plot), while the trees in the
middle (four trees per plot) were taken as sample for height, root collar diameter and diameter at breast
height measurement so as to minimize the border effect. Height growth was determined by using
measuring tape and root collar diameter and diameter at breast height by digital caliper.

Data analysis

Analysis of variance was computed using Genstat software package to test the significant difference
among tree species. Least significant different (LSD) test was employed to separate statistically different
means using the software package at P <0.05 level of probability.

Results and Discussion
Survival rate

Among tree species, differences were highly significant (P<0.05) for survival and others as well (Table
3). After three years of establishment, three species: Moringa oliefera, Azadarichta indica and Leuceana
leucocephala showed the highest survival rate with values of 84, 83.67 and 82.33%, respectively. Hence,
it can be inferred that the condition of Babile matched well with the environment requirement of these
species. Yitebitu (2004) also reported that Moringa species were quite drought resistant species which is
similar to the observation of the present study. This can be attributed to the low moisture stress
experienced, which as Kozlowski et al. (1991) also stated can affect the growth, survival and distribution
of forest trees. Gravilea robusta (35.33%) and Cordia africana (23%) on the other hand, showed lowest
survival rate. The long dry season, which extended from seven to nine months in the study area, clearly
explained the low survival of Gravilea robusta and Cordia africana seedlings during this season. On the
other hand, Azadarichta indica, Moringa oliefera, and Leuceana leucocephala were found to be highly
resistant to low moister stress in the study area. In the present study, the mortality was subjectively
attributable to abiotic factors such as drought during the initial growth from October to June, although
biotic problems like termites were also experienced during the study period. Thus, the environmental
condition of Erer may not be suitable for Gravillea robusta and Cordia africana which require adequate
moisture for survival and potential growth. Soil and below ground competition are also other factors that
influence the growth and survival rate (Casper and Jackson, 1997). Highly significant variation was
among species in survival rate (P<0.05) was recorded in all three years of age after transplanting. The
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survival trend for all tree species (Moringa oliefera, Azadarichta indica, Leuceana leucocephala, Cordia
africana, Gravillea robusta) showed declining trend in their survival rate in all the study period (Table 2).

Table 2. Mean survival rate (%) of agroforestry tree species planted in Erer sub-station, Babille District in
three years (2015-2017)

Age of seedlings after transplanting

Tree species

Year | Year Il Year Il

Gravilea robusta 42.67° 39° 35.33"
Azadarichta indica 89 85.33% 83.67°
Leuceana leucocephala 89.67° 83.67° 82338
Moringa oliefera 86.33" 84.67° 842

Cordia Africana 44.67° 26.67° 23°

LSD(0.05) 3.046 3.866 4.009
CV (%) 2.3 3.2 35

Mean 70.47 63.87 61.67
P value <.001 <.001 <.001

NB: Means in column with the same letters are not significantly difference using LSD.

Height growth

Analysis of variance revealed that variations in height among species were highly significant (P <0.05)
after three years of age. Height growth trend (Table 3) shows that Azadarichta indica (3.32 m) and
Leuceana leucocephala (3.3 m) were the tallest tree , followed by Moringa oliefera (2.92 m) but Cordia
africana was the shortest tree (1.8 m). Results of growth performance also showed that Azadarichta
indica, Leuceana leucocephala and Moringa oliefera were higher than the other species. Similarly,
Raebild et al. (2003) also stated that apart from indicating productivity, height may also be seen as a
measure of the adaptability of trees to the environment as tall trees usually being better adapted to the site
than short trees (Cossalter, 1987). Moringa species could also play a great importance in the rehabilitation
process especially during periods of drought or in areas where nutrient resources are not available.
Several similar studies also showed that fast growth of seedling is an important indicator in terms of
determining the situation of growth response especially in the first growing period and it is commonly
assumed that the early fast growth rates of tropical trees reflect productivity status of the trees (Baris and
Ertenkin, 2010).

Diameter growth

As depicted in Table 3, there was significant variation among tree species in root collar diameter growth.
The highest root collar diameter was recorded for Azadarichta indica (4.20 cm) followed by Moringa
oliefera (4.00 cm) and Leuceana leucocephala (3.85 cm) but the lowest root collar diameter was recorded
for Cordia africana (1.83 cm). Growth in diameter at breast height was also highly significant (P <0.05)
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for the five tree species. The difference in growth of diameter at breast height (1.3 m) above the ground of
tree species Azadarichta indica (3.2 cm), Moringa oliefera (2.9 cm), Leuceana leucocephala (2.6 cm)
showed highest diameter at breast height within four years data records. On other hand Gravillea robusta

(1.49 cm) and Cordia africana (1.46 cm) showed lowest diameter growth at breast height.

Table 3. Survival rate, plant height, root collar diameter and diameter at breast height of agroforestry tree
species for four years (June 2015 to June 2018)

] Survival rate Plant Root collar Diameter at
Tree species (%) height (m) diameter (cm) breast height (cm)
Gravillea robusta 35.33" 2.55° 2.713¢ 1.497¢
Azadarichta indica 83.67° 3.317° 4,197 3.2%
Leuceana leucocephala 82.33° 3.3 3.85° 2.6°
Moringa oliefera 84° 2.917° 4 2.85°
Cordia africana 23° 1.8¢ 1.833¢ 1.467¢
LSD(0.05) 4.009 0.107 0.109 0.108
CV (%) 35 2.1 1.7 2.5
Mean 61.67 2.777 3.319 2.323
P value <.001 <.001 <.001 <.001

CV = Coefficient of Variation

LSD = Least Significant Difference

NB: Means with the same letters in column are not significantly different using LSD

Survival rate(%)

W Survival rate(%)

Figure 3. Means of survival rate (%) of Gravillea robusta, Azadarichta indica ,Leuceana leucocephala,
Moringa oliefera and Cordia africana through sequential periods from June 2015 to June 2018
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Figure 4. Performance of agroforestry tree species at Erer sub-station, Babille District

Conclusion and Rcommendations

The experiment was conducted to evaluate adaptation and growth performance of five agroforestry tree
species. The results indicated that there were significant difference among tree species for plant height,
survival rate, root collar diameter and diameter at breast. The result revealed that the survival rate of
Moringa oliefera was the highest followed by Azadarichita indica and Leuceana leucocephala. While
Gravilea robusta and Cordia africana showed poor survival rate. Poor survival rate and growth
performance might be explained as response to low moisture condition of the site and termite problems of
the study area. Azadarichta indica, Leuceana leucocephala and Moringa oliefera were the species
attained the highest mean heights, while Gravilea robusta and Cordia africana species had the lowest
values. The comparisons between the height and diameter at breast height of the species showed that
Azadarichta indica had the highest mean height followed by Moringa oliefera and Leuceana
leucocephala.

Generally, the results on growth performance showed that Azadarichta indica, Leuceana leucocephala
and Moringa oliefera had better performance than Gravillea robusta and Cordia africana. Therefore
planting of these better performing tree species and encourage their promotion as agroforestry practices.
They were recommended as important tree species for soil conservation, shading, forage, fuel wood, and
in general as multi-purpose trees in the area. For Leuceana leucocephala and Moringa oliefera, on farm
evaluation of their contribution to soil improvement and crop yield either in inter-cropping or biomass
transfer has to be further investigated to make use of their potential in agroforestry practices.
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Abstract

This study was conducted at Bore Agricultural Research Center, on-station for five years, 2014-2018. The objective
was to identify the best adaptable agro-forestry multipurpose tree species for the study area. Seedlings of
multipurpose tree species were out planted in a randomized complete block design (RCBD) with three replications.
A plot size of 13mx7m was used for each multipurpose tree species selected for this study. A plot consisted of three
rows of multipurpose trees, on each row three multipurpose trees were planted and each plots had nine
multipurpose trees. Based on the objective, the following parameters survival rate, tree height and diameter at
breast height (DBH) were quarterly recorded until the end of the study. The results revealed that multipurpose tree
species Acacia abyssinica, Gravilia robusta, Hygenia abyssinica, Acacia saligna and Pinus patula had the highest
survival rate at the study site. In addition, their survival rates were significantly (P<0.05) higher than Cordia
africana, Seshania sesban and Leuceana leococephala. However, from all multipurpose tree species selected for this
study Leuceana Leococephala shown poor survival rate. The reason of low survival rate of Leucaena leucocephala
was observed at study site was due to agroecology of the study site was not suitable for the species. The height data
recorded by the end of the experiment revealed that there were not significant (P<0.05) differences in height among
tree species, Acacia saligna, Acacia abyssinica, Gravilia robusta and Hygenia abyssinica, and all the tree species
attained the highest mean values, respectively. However, Cordia africana, Sesbania sesban and Leucaena
leucocephala were multipurpose tree species with the lowest mean values, respectively. Diameter at breast height
(DBH) data recorded at the end of the study showed that Acacia abyssinica and Accacia saligna were tree species
attained the highest mean values of DBH and Grevillea robusta, Pinus patula, Haygenia abyssinica and Seshania
sesban attained medium mean values of DBH. However, from multipurpose tree species selected, Cordia africana
and Leuceana leococephala had the lowest value of DBH. Generally, these findings could be used to promote those
adapted promising native and exotic multipurpose tree species for promotion of agroforestry practicesin the study
area. Moreover, it can help all stakeholders to properly allocate species into the site that grow and adapt well.

Keywords: Agroforestry, diameter at breast height, height growth, multipurpose tree species, survival rate

Introduction

Agro-forestry is a sustainable land management practice that incorporates trees and shrubs in crop lands
and pastures. The trees help to moderate air temperature, serve as wind breaks and improve water
infiltration by reducing evapo-transpiration by the extent proportional to tree height. In addition
vegetation produces wood, fruits, fodder and medicine which diversify livelihood sources for the rural
poor (Bashir et.al.2006). The major role of agro forestry, to maintain soil fertility, is based primarily on
observation of higher crop yields in association with multipurpose tree species. Multipurpose tree species
play a crucial role in sustenance of soil productivity through litter production, regular supply of viable
nitrogen over a longer period by nitrogen fixation, fine roots turn over and nutrient cycling and
improvement in soil structure (Solanki, et.al, 2008)
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Diversification of agro forestry practice contributes to biodiversity conservation through reducing
pressure on natural forests and protected conservation areas. Agro forestry systems that are structurally
complex and floristically diverse can contribute significantly to the conservation of biodiversity within
fragmented landscapes (Ashley et.al, 2006). The integration of woody species in agricultural landscape
could reduce the pressure on the surrounding natural forest. For instance, agroforestry, which combine
forestry and agriculture, have the capacity to sustain the productivity of farmlands. Moreover,
diversification of agroforestry system could also serve as buffer zone for forest degradation and
deforestation (Nair, 1993).

In Ethiopia, efforts have been made to develop and promote agro forestry technologies. The different agro
forestry practices currently promoted in Ethiopia are home stead tree planting, planting of trees on farm as
shelter belt, alley cropping, boundary planting, wind breaks, live fences, improved fallow and wood lot
establishment. However, technologies developed and promote so far are not sufficient to address the
problems of soil erosion, loss of soil fertility, loss of bio diversity, shortage of fodder and woody material
scarcity for industrial and house hold consumption(Zebene and Agren, 2007). Many research findings
indicated that, the major problems in promoting agro forestry are lack of awareness about the benefits,
improper selection of tree species, non availability of good planting material, in adequate supply of
multipurpose germplasm and weak extension systems were among the factors that constrained agro
forestry development. Similarly, in high land Districts of Guji Zone, Southern Ethiopia diversification of
agro-forestry technology is constrained by lack of awareness about the benefits of agro forestry practice
and non availability of good quality planting material of multipurpose tree species.

Presently, existing traditional agro forestry in high land districts of Guji zone is very limited and natural
forest of the area is disappearing at alarming rate due to expansion of agricultural lands, for fuel wood
consumption, illegal timber product producer and timber producing firms, a wide range of both material
and intangible benefits of trees decrease from time to time. The disappearance of the resource at an
alarming rate resulted in a number of consequences such as soil erosion, loss of soil fertility, shortage of
animal feed, woody material scarcity for timber producing firms and for house hold consumption.
Therefore, designing strategies to address the problem through planting of agro-forestry multipurpose tree
species used for soil and water conservation, for apiculture, animal feed, timber and for house hold
consumption and for conserving natural forest of the area is very significant.

This can be achieved by adaptation of suitable multipurpose agroforestry tree species and through
motivating farmers to plant different types of multipurpose tree species appropriate to their agro-ecology.
So far, available information on the performance of multipurpose agroforestry tree species in high land
districts of Guji zone is very limited. Thus, introduction and improved management of adaptable
multipurpose agroforestry tree species can be one of the strategies to minimize the current wood, feed and
soil related constraints of the study area. Therefore, this study was conducted to identify the best
productive and adaptable agro forestry multipurpose tree species for high land districts of Guji Zone.
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Materials and Methods

Description of the study area

The experiment was conducted at Bore Agricultural Research Center, on- station for five years, 2014-
2018. The experimental site is about 378km far from Addis Ababa. Geographically, the experimental site
is situated at latitude of 06°23'55>’N and longited 38°35'5°°E.The experimental site represented high land
agro-ecologies of Guji Zone having altitude range of 2200-2780masl. The area receives annual rainfall
ranging from1400-1800mm with bimodal pattern that is extended from April to November. The mean
annual minimum and maximum temperature of the experimental site were 10°C and 20°C, respectively.
The soil type is red basaltic soil (Nitisols). The soil is clay loam in texture and strongly acidic with pH
4.53 -5.13, while moderately acidic with pH 6.5 (Wakene et al, 2014).

Multipurpose tree species seed sources and nursery management

As indicated in Table 1 below, seeds of three indigenous and five exotic multipurpose tree species
included in the trials were obtained from National Forestry Research Center, Addis Ababa. Seedlings of
multipurpose tree species were raised at nursery site of Bore Agricultural Research Center, on-station.
During the seedlings for the trials were raised at nursery site universal soil ratio of 3, 2, 1 (local soil,
forest soil and sandy soil) was used so that seedlings have a ball of earth around their root system. This is
intended to ensure high survival rate of seedlings when planted out in the field. Seed of multipurpose tree
species was done on seedbeds and after germination the seedlings were pricked out in a pot size of 8cm-
12 cm and pot height of 10 cm based on type of multipurpose tree species selected for the trials. Optimum
care, such as watering, mulching, shading and weeding were provided at the nursery site to produce
healthy and vigorous seedlings for field planting.

Table 1. List of indigenous and exotic multipurpose tree species selected for the study

Tree species

Tree species scientific name family name Tree species common name
Cordia africana(Lam.) Boraginaceae Broad leave Cordiana
Acacia abyssinica (Hochst.)Benth

Mimosoideae Flat-top Acacia
Hagenia abyssinica Rocaceae African redwood
Accacia Saligna. Fabaceae Weeping wattle
Sesbania sesban (L.) Merr. Papilionoideae African tulip tree
Grevillea robusta (R. Br.) Proteaceae Silky oak
Pinus patula Pinaceae Mexican weeping pine
Leucaena leucocephala Fabaceae White lead tree

Treatments and experimental design

After all the multipurpose tree species seedlings were ready for field planting, they were planted at Bore
Agricultural Research Center, on-station in a randomized complete block design (RCBD) with three
replications. Seedlings were out planted at the study site on a plot size of 13mx7m for each multipurpose
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tree species. A plot consisted of three rows of multipurpose trees. On each row three multipurpose trees
was planted and each plots had nine multipurpose trees. Distance between the trees in the same row was
4m and distance between rows in the same plot was 3m. Based on the objective of the study, quarterly for
five years the following parameters such as survival rate, tree height and diameter at breast height (DBH)
were collected. Multipurpose tree species heights were measured using either meter tape or graduated
stick depending on the height of the multipurpose tree species being assessed. Diameter at breast height
(DBH) of the planted multipurpose tree species were assessed at the base of the seedlings or saplings
using caliper. Survival assessment of the planted multipurpose tree species was carried out based on the
original number of trees planted.

Data analysis

The analysis was performed by using Statistical Analysis System (SAS version 9). Survival rate, tree
height and diameter at breast height data recorded from each selected multipurpose tree species were
subjected to analysis of variance and Least Significance Differences (LSD) tests to enable comparison of
multipurpose tree species.

Results and Discussion
Survival rate

Analysis of variance on comparisons of survival rate for multipurpose tree species selected for this study
showed that, there were not significance (P<0.05) differences observed in survival rate between Acacia
abysinica, Acacia saligna, Gravilia robusta, Pinus patula and Hygenia abbysinica(Table 2). The lack of
significant differences in survival rates among the five multipurpose tree species in the same category
showed that their level of survival rate in the study area is more or less the same. However, in terms of
their survival % from all multipurpose tree species selected for this study Accaia abbysinica and Gravilia
robusta were totally (100%) survived. Survival data of Haygenia abyssinica, Acacia saligna and Pinus
patula showed that their survival were 94, 89 and 72%, respectively.

Based on the finding of this study, there were not significance (P<0.05) difference in survival rate
between Cordia africana and Suspania susban multipurpose tree species. However, there was
significance (P<0.05) differences in survival rate between Leucaena leucocephala and the remaining
multipurpose tree species used on this study. Because, from all multipurpose tree species selected for this
study Leucaena leucocephala was totally (100%) not survived. The reason low survival of Leucaena
leucocephala was observed at study site was due to it grows best in humid tropical and Moist and Wet
lowland agroclimatic zones in full sunlight on well-drained neutral or calcareous soils, 0-1,600m (Azene,
2007).

Height growth

As the findings of this study indicated that, the combined analysis of the five years height of the
multipurpose tree species seedlings transplanted at the study site showed that, there were not significance
(P<0.05) differences in height were viewed between Acacia saligna, Acacia abyssinica, Gravilia robusta
and Hygenia abyssinica multipurpose tree species (Table 3).
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The recorded mean height of both Acacia saligna and Acacia abysinica were: 4.4m and mean height of
Gravilia robusta and Hygenia abyssinica multipurpose tree species were 4.2m and 4.1m respectively. In
addition, there were not significance (P<0.05) differences in height were observed between Cordia
africana and Susbania sushan as indicated in Table 3 below. Their recorded mean heights were: 1.9m and
1.84m respectively. On the other hand, mean height of Acacia abyssinica, Acacia saligna, Gravilia
robusta and Hygenia abyssinica multipurpose tree species were significantly (P<0.05) higher than the
remaining multipurpose tree species selected for this study.

Table 2. Mean survival rate of multipurpose tree species

Tree species Survival rate (%)
Acacia abyssinica (Hochst.)Benth 1002
Acacia saligha 83.3%
Gravilia robusta(R.Br.) 1002
Pinus patula 77.77%
Hygenia abyssinica 94.432
Cordia africana(Lam) 44.43°
Leuceana leococephala 0°
Sesbania sesban (L.) Merr 40.12°
Mean 20.5
LSD (0.05) 24.99
CV (%) 22.8

*Means in column with the same letters were not significantly different at P<0.05

Table 3. Mean height and mean diameter at breast height (DBH) for multipurpose trees

Tree species Height (cm) DBH (cm)
Acacia abyssinica 438.72 8.333%
Acacia saligna 441.92 7.663?
Gravilia robusta 417.82 6.220%®
Pinus patula 317.9° 5.417°
Hygenia abbysinica 407.72 5.033P
Cordia africana 190.4° 1.143¢
Leuceana | 0° 0.000¢
eococephala

Seshania seshan 184.2¢ 5.172P
Mean 241.8 2.23
LSD (0.05) 78.69 1035
CV (%) 17.2 27.5

*Means in column with the same letters are not significantly different at P <0.05
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Diameter growth

The analysis of variance of the mean diameter at breast height (DBH) data recorded by the end of the
experiment revealed that there were not significance (p<0.05) differences observed between Acacia
abysinica and Acacia saligna multipurpose tree species. As well, as indicated in Table 3 above there were
not significance differences(p<0.05) of mean diameter at breast height(DBH) revealed between Gravillea
robusta, Pinus patula, Hagenia abbysinica and susbania susban tree species. As the combined analysis
of the five year DBH data recorded indicated that, Acacia abysinica and Accacia saligna were the species
attained the highest mean values of DBH and Grevillea robusta, Pinus patula, Hagenia abbysinica and
susbania susban attained medium mean values of DBH. While, Cordia africana and Leuceana
Leococephala multipurpose tree species had the lowest value of DBH from the rest of multipurpose tree
species used for the study (Table 3).

Conclusion and Recommendations

The findings of this study indicated that from the eight multipurpose tree species selected, Acacia abysinica,
Gravilia robusta, Hygenia abysinica, Acacia saligna and Pinus patula had the highest survival rate at the study
area. In addition, the results revealed that survival rate of Cordia africana and Sesbania seshan were
intermediate. However, Leuceana leococephala showed poor survival rate. The reason for low survival of
Leucaena leucocephala observed was due to its growth best in humid tropics and moist and wet lowland
agroclimatic zones.

The height data recorded by the end of the experiment revealed that there were not significance (P<0.05)
differences in height were viewed between Acacia saligna, Acacia abysinica, Gravilia robusta and Hygenia
abbysinica multipurpose tree species and all the tree species were attained the highest mean value respectively.
However, as the finding of this study indicated that Cordia africana, Susbania susban and Leucaena
leucocephala were multipurpose tree species achieved the lowest mean value respectively.

In terms of diameter at breast height (DBH) data recorded at the end of this study showed that, Acacia
abysinica and Accasia saligna were the species attained the highest mean values of DBH and Grevillea
robusta, Pinus patula, Hagenia abbysinica and susbania susban attained medium mean values of DBH.
However, from multipurpose tree species selected for this study, Cordia africana and Leuceana Leococephala
had the lowest value of DBH.

Generally, from the eight multipurpose tree species their growth performance were done at Bore Agricultural
Research Center on station, Acacia abysinica, Gravilia robusta, Hygenia abysinica, Acacia saligna and Pinus
patula were showed good performance than the remaining multipurpose tree species. Therefore, planting and
promotion of those good performed multipurpose agroforestry tree species and increase their importance for
animal feed, apiculture, timber production, shading purpose, soil and water conservation and for household
consumption is very vital to conserve natural forest of the area.
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Abstract

The reproductive phenological study of ten most usable indigenous tree species was investigated in
Anferara forests for three years, 2015-2017. Prior to the study, by using key informant interview and
focus group discussion the most usable indigenous tree species were identified from Anferara natural
forests. Based on the preferences of the community of the study area, the following ten indigenous tree
species Cordia africana, Croton macrostachyus, Albizia gumifera, Podocarpus falcutus, Prunus africana,
Ekerbergia capensis, Milletia ferrugenia, Polysias ferrugenia, Strichynos spinosa and Aningeria
adolffriedrin were selected for this phenological study. From each indigenous tree species selected from
Anferara natural forests, five mother trees were selected and a total of fifty mother trees were tagged for
data collection. Based on the objective, the following parameters flowering, fruiting, seed maturity and
seed collection times were monthly recorded until the end of the study. The findings indicated that the
timing of flowering, fruiting, seed maturity and seed collection of selected indigenous tree species were
concentrated in long dry season and during rainy season of the study site. Majority of indigenous tree
species selected for this study were flowered during main rainy season (Genna season) of the study site.
However, the rest of indigenous tree species were flowered during long dry season. In fruiting time
phenology, only three tree species Cordia africana, Croton macrostachyus and Albizia gumifera were
bearing fruit during main rainy season (Genna season). However, from the findings of this study the
remaining indigenous tree species were bearing fruit during long dry season of the study site. Seed
maturity and seed collection time of the indigenous tree species selected were more or less similar and
after maturity time of their seeds, close supervision is very important to collect their matured seed at
proper time.

Keywords: Flowering time, fruiting time, phenology, seed collection time, seed maturity time

Introduction

Phenology is the study of periodicity or timing of recurring biological events, and explains the
relationship between climatic factors and periodic phenomena in organisms (Moza & Bhatnagar, 2005;
Sakai, 2001; Yadav & Yadav, 2008). Pheno-logical patterns are basic for understanding bio-logical
processes and functioning of tropical trees and ecosystems (Tesfaye et al., 2011). Seasonal duration of
leafing, flowering and fruiting mainly determines the phenological behaviour of tropical trees, and
directly or indirectly their population dynamics.

The forest cover of Ethiopia is declining at an alarming rate. This problem influences country and people
in many ways. To reduce this problem expansion of plantation forestry is very important. For several
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species shortage of seed, difficulties in collection, short viability and / or problems of extraction,
dormancy or other handling difficulties limit their use in plantation programs (Schidt, 2000). Moreover,
according to Asare and Pedersen (2004) insufficient tree seed supply was a major bottleneck problem in
tree planting activity.

This is particularly true for indigenous forest development of Guji Zone. This can be attributed to the
inherent characteristics of seeds and lack of proper planning for seed collection. This shortage is not only
because of lack of seed source, but also shortage of knowledge about the seed collection time. This gap
also includes lack of information about the flowering, fruiting and seed maturity time of the different tree
species. In order to fill this gap detailed information about the flowering time, fruiting time, seed maturity
and seed collection time of every species must be known for a specific area.

In order to fill the above problem, this study focused on flowering time, fruiting time, Seed maturity and
seed collection time reproductive phenology of selected indigenous tree species of Anferara forest. This
phonological study was aimed to document the reproductive phenology of indigenous tree species
including the timing of flowering and fruiting as well as studying the collection calendar of selected tree
species. Information on the calendar of flowering, fruiting and other parameters gathered through this
study can then be used to anticipate the timing for seed collection and seedling propagation for
reforestation with native trees in the study area. Therefore, the objectives of the assessment were to assess
the reproductive phenological pattern of most usable indigenous tree species of Anferera forest, and to
assess flowering, fruiting pattern, fruiting duration and seed collection calendar of the selected indigenous
tree species.

Materials and Methods

Prior to the study of reproductive phenology of indigenous tree species of Anferara forests carried out, by
using key informant interview and focus group discussion the most usable indigenous tree species were
identified from Anferara natural forests. Based on the preferences of the community of the study area, the
following ten indigenous tree species Cordia africana, Croton macrostachyus, Albizia gumifera,
Podocarpus falcutus, Prunus africana, Ekerbergia capensis, Milletia ferrugenia, Polysias ferrugenia,
Strichynos spinosa and Aningeria adolffriedrin were selected for this phenological study for three years,
2015-2017.

From each indigenous tree species selected from Anferara forests, five mother trees were selected and a
total of fifty (50) mother trees were tagged for data collection. Those selected mother trees were marked
by red colour and their geographical positions were taken. Up to the end of this phonological study, each
month necessary data such as flowering, fruiting and seed maturity and seed collection time of each
selected tree species was recorded. In addition, the slope, altitude, and position (Geographic coordinates)
of the area were recorded by using clinometers, altimeter, and Geographical Positing System (GPS),
respectively.

For phenological study of selected indigenous tree species, several methods were applied to identify their
reproduction phenology. Those are by climbing trees, observation from natural or artificial high point

157



(hill, by using binoculars) and inspecting their fallen flowers or fruits. Flowering rate of selected
indigenous tree species was done according to flowering scale procedure of Tadele (2009) lecture note:

4 = Very good, most of the trees in the stand have abundant flowers,

3 = Good, most of the trees have flowers, some abundant,

2 = Intermediate, <40% of the trees bear flowers, few have many flowers

1 = Poor, most of the trees in the stand have few flowers, edge and exposed tree may flower prolifically
0 = Very poor, flowering poor and only an edge trees or isolated exposed trees

In the survey scales 2-4 was selected that is potential sources for further evaluation. In case of fruiting,
fruits of some species grow quickly into mature size, in other it may take several months. Therefore
fruiting assessment was conducted only when the fruits have enlarged.

Results and Discussion
Flowering time

It was observed that from selected indigenous tree species their phonological study were studied for three
years in Anferara natural forests, Cordia africana and Croton macrostachyus tree species were flowered
in September, Albizia gumifera was flowered in October and Podocarpus falcutus and Prunus africana
tree species were flowered in November. This indicated that these five indigenous tree species were
flowered during main rainy season (Genna season) of the study area. In support of this study, many
research findings indicated that, there are a number of factors, which may influence the timing of
flowering including rainfall, moisture, temperature and photoperiod (Anderson et al. 2005 and Kikim &
Yadava, 2001). In general, their onset and peak flowering time of these five indigenous tree species
coincided with the rainy season.

Based on the findings of this phonological study, Ekerbergia capensis was flowered in January, Milletia
ferugenia and Polysias ferrugenia were flowered in February and Strichynos spinosa and Aningeria
adolffriedrin were flowered in March. This showed that, their flowering time was during dry season of the
study area and their onset and peak of flowering periods coincided with the long dry season. In line with
the present study result, a study in Northern Thailand tropical dry forest also showed that peak of
flowering of tree species coincided with the beginning of dry season or wet season (Elliott et al. 1994).
Furthermore, Elliott et al. (1994) stated that this phenomenon may be due to different species
reproduction strategy. Generally, as the finding of flowering phonology of this study indicated that, in
most indigenous tree species selected for this study their flowering time varied between months of the
year (Table 1).
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Table 1. Flowering, fruiting, seed maturity and seed collection phenological pattern of

selected indigenous tree species of Anferara forest, Guji Zone, South Oromia, Ethiopia

Phenological parameters
Flowering Seed maturity | Seed collection
No. | Indigenous tree species time Fruiting time time time
1 | Cordia africana September October November November
2 | Aningeria adolffriedrin | March March March-April April -May
December- January-
3 | Prunus africana November January February February
September-
4 | Croton macrostachyus September October October October
5 | Albizia gumifera October November December December
6 | Milletia ferrugenia February February March-May May
7 | Strichynos spinosa March March April-May May
8 | Ekerbegia capenis January February March March
9 | Podocarpus falcutus November December January-April April
10 | Polysias ferrugenia February February March-June June
Fruiting time

As indicated in Table 1 above, in most indigenous tree species their fruiting time only lasted for one
month. For instance, from selected indigenous tree species: Cordia africana, Albizia gumifera,
Podocarpus falcutus, Buddleja polystachya, Aningeria adlffriedrin and Strichynos spinosa fruiting time
lasted for one month and their month of fruiting time were in October, November, December, February
and March respectively. However, from indigenous tree species selected for this study from Anferara
forests: fruiting time of Croton macrostachyus and Prunus africana lasted for two months and their
months of fruiting time were in September to October and December to January respectively (Table 1).

Based on the finding of this study, fruiting time of Cordia africana, Croton macrostachyus and Albizia
gumifera related with main rainy season (Gena season) of the study site. In support of this study,
Gunter et al. (2008) indicated that there are a number of factors, which may influence the fruiting time of
tree species including rainfall. Therefore, the fruiting pattern of the above three indigenous tree species
coincided with the rainfall. However, fruiting time of the remaining indigenous tree species such as:
Albizia gumifera, Podocarpus falcutus, Buddleja polystachya, Aningeria adlffriedrin, Strichynos spinosa
and Prunus africna were during dry season of the study area.

Seed maturity time

Based on the findings of this study, most of indigenous tree species selected for this study were showed
rapid seed maturity time. For example, rapid seed maturity for Cordia africana, Croton macrostachyus,
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Albizia gumifera, Milletia ferugenia, Strichynos spinosa and Polysias ferrugenia was recorded during
November, October, December, March-May, April-May and March respectively. On the other hand, for
the rest of indigenous tree species such as Podocarpus falcutus, Aningeria adolffriedrin, Polysias
ferrugenia and Ekerbegia capenis lengthy fruit maturation period up to three months was recorded. The
recorded seed maturity months for Podocarpus falcutus was from January-March and for Aningeria
adolffriedrin, Polysias ferrugenia and Ekerbegia capenis tree species the recorded seed maturity period
was from March-May.

Seed collection time

As it is indicated in Table 1 above, seed maturity and seed collection time of indigenous tree species
selected for this study from Anferara forest is relatively similar. The finding of this study indicated that
seed collection time for Croton macrostachyus and Cordia africana was in October and November
respectively. This showed that seed collection time of both indigenous tree species depends on climatic
parameters like rain fall, due to their seed maturity time and collection was observed during main rainy
season of the study site. Seed collection time for Albizia gumifera was from December- January, Prunus
africana and Ekerbergia capensis was in March and for both Milletia ferugenia and Aningeria
adolffriedrin their seed collection time was in May. However, for Podocarpus falcutus and Polysias
ferrugenia tree species their seed collection time was in April and June, respectively.

Conclusion and Recommendations

Based on this phenological study, ten most usable indigenous tree species were selected from Anferara
forests and their reproductive phenological study was done for three years. The findings showed that the
timing of flowering, fruiting, seed maturity and seed collection of selected indigenous tree species were
concentrated in long dry season and during rainy season of the study area. From indigenous tree species
studied for reproductive phenology, majority of the tree species were flowered during main rainy season
(Genna season). However, the rest of the indigenous tree species were flowered during long dry season.
In fruiting time phenology, only three species Cordia africana, Croton macrostachyus and Albizia
gumifera were bearing fruits during main rainy season (Genna season); but the findings of the remaining
indigenous tree species showed fruit bearing during long dry season. Seed maturity and seed collection
time of the indigenous tree species selected for this study were more or less similar and after maturity
time of their seed, close supervision is very important to collect their matured seed at proper time.
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