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Abstract

One of the main reasons for poor soil fertility status of acidic soils is low content of soil available plant nutrients like N, P, S,
exchangeable Ca and Mg and toxicity of Al and Fe resulted from low soil pH value. Amendment of acidic soil using organic
sources like compost is very crucial for improving the livelihood of the society through increasing crop productivity. Therefore,
this study was conducted to assess the nutrient content and quality of compost prepared at farmers level and guiding the
integrated use of both chemical and organic fertilizers approach sustainably. The compost samples were collected from seven
districts, namely Guto-Gida, Sassiga, Guduru, Horo, Jima-Genet, Hawa-Gelan and Nedjo, in western Oromia Regional State.
The composts were prepared at farmers’ level from the locally available composting materials. The composting materials used
were more or less similar in all districts except it might vary in one or two sources which were used at very low ratio compared to
the main sources. The result of the compost nutrient content revealed that the mean values of EC, pH, TN and C:N ratio ranged
from 1.22 to 1.99 mmhos/cm, 7.25 to 8.20, 0.45 to 0.74% and 11.51 to 12.65, respectively which fell within the acceptable range
for good quality compost. On the other hand, the mean values of OC, available P, exchangeable Ca and Mg were ranged from
5.19 to 7.83%, 0.006 to 0.013%, 44.79 to 83.72 mg kg soil~* and 1.40 to 8.61 mg kg compost™, respectively which fell below
the acceptable range for good quality compost. Based on the crucial parameters indicating good quality compost like pH and
C:N ratio the compost prepared from the locally available composting materials by the farmers were for improving the overall
quality of the soil. Hence, productivity of crops would increased by using compost as source of organic fertilizers from which
farmers in the study area benefited sustainably.
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1. Introduction

Crop productivity improvements in a sustainable way can cultivation of lands with low nutrient replenishment results in
be challenging in sub-Saharan countries including Ethiopia  depletion of soil nutrients. It is obvious that application of
due to sever soil loss and imbalanced nutrients caused by soil chemical fertilizers satisfy the nutrient need of crops. How-
degradation [1]. Removal of crop residues and continuous  ever, in the present scenario, the non-judicious use of chem-
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ical fertilizers is posing both economic and ecological prob-
lems, particularly in developing countries [2]. On the other
hand, sole application of organic inputs is constrained by low
concentration of nutrients, time needed for their mineraliza-
tion to release nutrients for plant uptake, high labor demand
for preparation and transporting [3]. The up-to-date crop
production systems require the execution of more efficient,
sustainable, economical and locally sound management prac-
tices [4]. This can be achieved by supplemental use of organic
inputs together with mineral fertilizers [5]. Crop productivity
of marginally fertile acidic soils can be improved through
integrated use of soil ameliorants and fertilizers [6]. In sus-
tainable crop production approaches, the insertion of organic
sources like compost provides noteworthy outcome on
amount and superiority of nutrients for crop productivity
improvements [7, 8]. Addition of organic inputs to agricul-
tural lands have multiple advantages like improving soil
structure, slow and steady release of nutrients, reduce nutri-
ent losses, increase water retention, boosts plant growth, re-
duce environmental pollution and enhanced plant resistance
to pests and diseases; and finally increases crop yields [9].
The nutrient content and quality of conventional composts
can vary based on the materials used, degree of decomposi-
tion, moisture content, nutrient content and contaminants
(organic and non-organic materials or heavy metals). Com-
post equipped from a large amount of green organic inputs
that is prosperous in nitrogen will increase acidity (low pH)
of the compost, which might raise the sum acidity of the soil
after use as amendment [10]. The process of composting
requires the knowledge of C:N ratio to correctly mix up a
desirable fraction of organic materials in the compost pile
[11]. It is very imperative to maintain the C:N of the compost
pile below 25:1. When the C:N ratio elevated or subordinate
the composting process will be slowed down or can be con-
gested at all [12]. Higher C:N would lesser duplication of
decomposing microorganisms due to deficiency of N to syn-
thesis their body protein while lower C:N result in high
quantity of ammonia by microorganisms, which also cause
lower pH, reduced breakdown and unpleasant odor of the
compost [6]. Composting is a method of enhancing natural
decomposition process, through that should be supplied with
to intensify the activity of decomposing microorganisms On
the other hand, balanced carbon to nitrogen ratio (C:N) of
raw organic materials, supplied with adequate moisture and
oxygen and materials that have elements like Ca will pro-
duce in neutral to alkaline compost (high pH), which might
lessen top soil acidity [11, 13]. It is not the amount of com-
post that applied to the soil, rather the amount of nutrients
contained in that compost that determines the soil fertility
thereby crop productivity. Due to this, laboratory quantifica-
tion of compost nutrient content is pre-requisite for applying
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compost to field. Farmers in Ethiopia are aware of the bene-
fits that could be obtained from use of composts; however,
the nutrient contents of conventional composts used by the
farmers are not known; and data on nutrient content of these
composts in the study area are scarce. Thus, characterizing
the nutrient content of compost of prepared from different
materials at farmers’ level is very crucial. Therefore, the
study was initiated with the objective to assess and evaluate
the nutrient composition of conventional composts prepared
by farmers from locally available materials in the study areas.

2. Materials and Methods

2.1. Descriptions of the Study Areas

An assessment was done across seven districts encom-
passing four zones in Western Oromia Regional State, namely,
Guto-Gida and Sassiga districts in east wollega zone, Nedjo
district in west wollega zone, Hawa-Gelan district in Kellem
Wollega zone, and Jima-Genet, Horo and Guduru districts in
HoroGuduruWollega zone (Figure 1). Guto-Gida liesbetween
857 to 930' N and 36<26' to 36<44' E with an altitude
ranging from 1,350 to 2,450 meters above sea level Sassiga
lies between 850" to 920" N and 36<20' to 36 50" Ewith an
altitude ranging from 1500 to 2000 meters above sea level,
Nedjo lies between 9°30' to 9°5° N and 35°30’ to 35%5°E with
an altitude ranging 1500-2500 meters above sea level, Ha-
wa-Gelan lies between 8°18°to 858' N and 35°12’ to 35%95'E
with an altitude ranging from 1,435 to 1,704 meters above
mean sea level, Jima-Genet lies between 9° 18’ to 9° 33’ N and
37° 06’ to 37° 07 Ewith an altitude ranging from 2,316 meters
to over 3,053, Horo lies between 9°18’ to 9°50' N and 37°00’
to 3720 E with an altitude ranging from 500 to 3,300 meters
above sea level and Guduru lies between 9<10' to 950" N and
3600' to 37 50" Ewith an altitude ranging from 880 to 2,430
meter above sea level. The average monthly temperature
ranges between 11.9 to 29.9<C, 10.35 to 28.22<C, 11.56 to
29.25<C, 11.75 to 28.45<C, 11.80 to 28.55<C, 12.05 to
27.55<C and 10.75 to 29.15<C for Guto-Gida, Sassiga, Nedjo,
Hawa-Gelan, Jima-Genet, Horo and Guduru districts, respec-
tively. The mean annual rainfall varies from 1,200 to 1,800
mm for Guto-Gida, from 816 to 1240 mm for Sassiga,
from750 to 1150 for Nedjo, from 500 to 950 mm for Ha-
wa-Galan, from 1,880 to 2,080 mm for Jima-Genet, from
1,200 mm to 2,700 mm for Horo and from 1000 to 2400 mm
for the above mentioned districts respectively. The economic
activities of the local society in the study areas are primarily
mixed farming system encompassing crop production and
rearing of animals.
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Figure 1. Map of the study area.

2.2. Selection of Districts and Farmers

Selection of districts from each zone and selection of
farmers from each district were made purposively based on
the experiences they have in preparing and management of
conventional compost so far; willingness and accessibility to
the road with the help of districts’ agricultural experts and
development agents.

Table 1. Common composting materials used.

Zone District Materials used Remark
Guto-Gida Frgsh cow dung,_ top
soil, ash and maize stalk
East Wollega Fresh cow dung, topsoil,
Sassiga ash, maize stalk and
leaves of pumpkin,
Fresh cow dung, topsoil,
Guduru ash, maize stalk and
different weed species
Horo-Guduru Horro Fresh cow dung, topsoil,
Wollega ash and maize stalk
. Fresh cow dung, top
Ji- . .
soil, ash, maize stalk and
ma-Genet

different weed species

Fresh cow dung, topsoil,

Kellam Wol- Ha- ash, maize stalk and

lega wa-Gelan |- ves of pumpkin
Fresh cow dung, topsoil,
West Wollega Nedjo ash, maize stalk and

different weeds species

2.3. Composting

The process of composting was accomplished using pit
method; the dominant composting technique used widely. The
size of the pit was uniform as advised by development agents

which was 3 m*1 m*1.5 m for length, height and width, re-
spectively. The composting materials used in each compost
pit were more or les similar which were identified through
interviewing. The main composting materials used in most of
the observed sites were top soil, fresh cow manure, crop res-
idues, weeds, plant leaves, ash, and leftover vegetables. The
maize stalks were arranged horizontally in the pit which used
as bedding. Each composting materials were chopped using
sharp knife to increase surface area. First, topsoil was added
on bedded maize stalk followed by plant materials then fresh
cow dung and ash. In this order the arrangement of com-
posting materials continued till the pit fulfill. At the end top-
soil was used to cover composting materials. Within one
month interval the composting materials were turned up
manually where the lower bottom layers arranged at the upper
layer and vice versa to have uniform maturity time and to get
homogeneously mixed composting materials. The process of
composting was done for the duration of four months.

2.4. Compost Sampling

The compost pile was mixed thoroughly before taking the
sample. About fifteen small subsamples were taken from each
pile considering from the upper, middle and lower part using
stainless shovel. All the subsamples were again mixed thor-
oughly on a clean plastic tray, debris were removed and nearly
about one kg was put in a labeled plastic bag and taken to
laboratory for analysis. The number of compost pile selected
from each district varies based on the physical quality the
compost (maturity and odor) and the management done to
handle the compost (free of contaminations like bird drop and
plastics and storage place to avoid nutrient loss through sun-
light or leaching, and etc). So, compost quality is the conse-
quence of suspicious executive all through the production
sequence, from gathering of the feedstock to storage space
and appliance of the ultimate product.

2.5. Compost Sample Preparation for Analysis

The samples were allowed to air drying in room tempera-
ture, crushed using a mortar and pestle and sieved through a 2
mm mesh sieve. The chemical property of the compost was
carried out following the standard laboratory procedure at
Nekemte Soil Research Center. The pH of the compost was
analyzed potentio-metrically with a digital pH meter in the
supernatant suspension of 1:5 (compost: water). Organic
carbon (OC) content was determined by the dichromate oxi-
dation method. Organic matter (OM) content was estimated
from the organic carbon content by multiplying the latter
byl.724. Total N (TN) was estimated from the percent of
organic matter. Available P was analyzed calorimetrically
using ascorbic acid as a rereducingreagentandits concentra-
tions was measured using spectrophotometer. Both the macro
(Ca, and Mg) elements were extracted using di-ethylene
tri-aminepentaacetic acid (DTPA) and their contents were
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determined using atomic absorption spectrophotometer
(AAS).

3. Results and Discussion

The results of the chemical property of the composts were
presented in Table 2 below.

Electrical conductivity

The minimum and maximum electrical conductivity (EC)
of the compost samples ranged from 0.29 to 3.99 with mean
value 1.22 for Guto-Gida, from 0.06 to 6.33 with mean value
1.73 for Sassiga, from 0.76 to 7.07 with mean value 1.92 for
Guduru, from 0.9 to 9.0 with mean value 1.6 for Horo, from
0.73 to 3.69 with mean value of 1.65 for Jima-Genet, from
0.29 to 8.49 with mean value 1.99 for Hawa-Galan, and from
0.34 to 6.03 with mean value of 1.86 for Nedjo. From this data
it can be observed that the mean value for each district ap-
proaches to the minimum value than to the maximum value
indicating the EC of many of the compost samples approaches
to the minimum value. For all districts, the mean values of EC
of the composts were found below the optimum range (<6
mmhos/cm) suitable for crop production [14]. Therefore, in
relation with its salinity content, the compost of the study area
prepared by farmers from the locally available composting
materials is suitable for crop production. On the other hand,
EC values higher than the optimum level can be harmful to
germinating seeds and plants, finally affecting yield.

Compost Reaction (pH)

pH refers to the acidity/alkalinity of the materials. The re-
sults of the analysis revealed that the minimum and maximum
value of the compost pH ranged from 6.50 to 8.78 with mean
value 7.63 for Guto-Gida, from 5.99 to 8.55 with mean value
7.53 for Sassiga, from 6.65 to 9.19 with mean value 8.04 for
Guduru, from 8.75 to 9.00 with mean value 7.25 for Horo,
from 6.39 to 9.18 with mean value 7.90 for Jima-Genet, from
5.73 to 9.15 with mean value 7.90 and from 6.45 to 9.69 with
mean value 8.20 for Nedjo. It was observed that the mean pH
value of composts ranged from 7.25 to 8.04 which fall within
the ideal range for crop production. The ideal pH value of
compost which is suitable for crop production would ranged
from neutral to slightly alkaline (5.0 to 8.5) which can be
slightly varied based on the composting materials used [14].
Compost pH values below and above these range will affect
its growth and yield. High pH value composts should not be
accepted as it can lead to loss of N as NH3 coupled with bad
odor and compost pH value below 5.0 leads to hampering of
bacterial and fungi growth [15]. The pH of finished compost
near neutral to slightly alkaline due to the release of humus
like substances with buffering capacity [16]; When compost is
added to acidic soils, it increases the soil pH as a result of
quick proton replace between the soil and organic amend-
ments [17]. Hence, based on the mean pH values obtained, all
composts prepared in all districts matches better for crop
production, and the materials and composting process fol-
lowed can be accepted to obtain good compost quality.
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Organic carbon

The laboratory analysis result showed that percent organic
carbon (%OC) content of the conventional compost ranged
from 3.81 to 13.37 with mean value 7.83 for Guto-Gida,
ranged from 3.12 to 15.45 with mean value 7.17 for Sassiga,
ranged from 4.65 to 9.17 with mean value 6.79 for Guduru,
ranged from 9.0 to 12.9 with mean value 5.58 for Horo,
ranged from 4.95 to 12.06 with mean value 7.25 for Ji-
ma-Genet, ranged from 2.86 to 8.37 with mean value 5.19 for
Hawa-Gelan and ranged from 3.41 to 12.79 with mean value
6.38 for Nedjo districts. From the mean valuedata observed
the OC of all the composts prepared at farmers level can be
grouped inthe acceptable range for soil amendments and crop
production [14]. When organic fertilizers like compost added
to agricultural land, it reduces the greenhouse gas (GHG)
emission due to the soils’ storage capability of the soil carbon
[18]. However, the magnitude of GHG sequestrations caused
by the addition of composts varies based of the quality of the
compost. In the developed countries, GHG adsorption is due
to the sink of C as a result of organic amendments [19].

Total nitrogen

The total nitrogen percent (%TN) available in composts
prepared at farmers level ranged from 0.33 to 1.15 with mean
value 0.67 for Guto-Gida, ranged from 0.27 to 1.23 with mean
value 0.62 for Sassiga, ranged from 0.30 to 1.03 with mean
value 0.59 for Guduru, ranged from 1.04 to 9.0 with mean
value 0.74 for Horo, ranged from 0.43 to 1.09 with mean
value 0.63 for Jima-Genet, ranged from 0.25 to 0.72 with
mean value 0.45 for Hawa-Gelan and ranged from 0.29 to
1.10 with mean value 0.55 for Nedjo districts. According to
[20] quality compost consisted of TN content ranged from
0.45 to 3.50%; and all the mean values compost samples fell
within this range which could happened due N available in the
initial composting materials and the recycling of N from dead
microorganisms during decomposition. This suggested that
the on average the locally available composting materials
used, the composting procedures followed and the handling
done during composting resulted in the production of good
compost quality.

Carbon-to-nitrogen ratio

The often used parameter in determining the rate of de-
composition of compost is the carbon-to-nitrogen ratio (C:N
ratio) which indicates the maturity and quality of the compost.
The mean C:N values of composts prepared at farmers level
ranged from 11.51 to 12.65 for all districts which grouped
under the intended category according to [14]. According to
this author the optimum level for C:N ratio of mature compost
for complete decomposition ranged from 10 to 25. On the
other hand, a C:N ratio below 20 is an acceptable level for
complete decomposition of composts as stated by [21]. Many
organic soil amendments seldom meet the acceptable com-
pletely matured C:N ratio range [21]. However, many feed
stalks fixed to achieve this range as much as possible. A.
lower C:N ratio creates an intense ammonium odor with sig-
nificant losses of N leading to limited growth microorganisms


http://www.sciencepg.com/journal/sjac

Science Journal of Analytical Chemistry

http://www.sciencepg.com/journal/sjac

while a higher C:N ratio may immobilizes N in the soil
causing plant stunting and C is not in the available forms [22].
Therefore, the C:N ratio of composts prepared at farmers’
level fell within the acceptable range of completely matured
compost and it can be used as soil amendments.

Available phosphorus

The mean phosphorus content of compost samples col-
lected from Guto-Gida, Sassiga, Guduru, Horro, Jim-
ma-GenetandHawa-Gelandistricts were 0.01, 0.006, 0.008,
0.008, 0.01 and 0.013% while the minimum and maximum
value ranged from 0.005 to 0.014, from 0.001 to 0.014, from
0.004 to 0.013, from 0.001 to 0.011, from 0.006 to 0.015 and
from 0.004 to 0.016%, respectively, for the above districts.
The mean percent P values of compost samples for all districts
fell below the acceptable range which is 0.2 to 3.0% according
to [14]. This might be due to the low P content of feed stalks
used. This result is similar to the findings of other scholars
who reported that low availability of P in the finished compost
which might be due to the leaching of P in the soluble organic
solute [23]. When compost added to acidic soils, it increases
the soils’ pH value which in other way create suitable condi-
tion for the availability of plant nutrients like P and Ca and
bioavailability of labile P for the long period of time while
reducing the toxicity of other elements like Al and Fe [24].

From this it can be concluded that although the composts
prepared at farmers’ level have low P content after their final
maturity, it can be suitable as soil amendments as it increases
soil pH at which the availability of other plant nutrients and
soil microbes increased.

Calcium(Ca) and Magnesium (Mg)

The Ca and Mg content of composts prepared at farmers
level ranged from 44.79 to 83.72 mg kg soil* and ranged
from 1.40 to 8.61 mg kg compost?, respectively. The ac-
ceptable range of Ca and Mg values of completely matured
compost ranged from 15,000 to 35,00 and ranged from 2,500
to 7,500 mg kg compost?, respectively [25]. Although the
Ca and Mg content of composts fell below the acceptable
range, amending an agricultural land with organic compost
leading to an improvement in the physical, chemical and
biological properties of soil due to the increased in soil pH as
a consequence of compost addition [26]. The improvements
in the physical (like aeration, water and nutrient holding ca-
pacity), chemical (like soil reaction) and biological (like
bacteria and fungi) properties of an agricultural soils leading
to the availability of the inherently existing plant nutrients and
the efficiently utilization of the externally added chemical
fertilizers.

Table 2. Descriptive statistical values for composts’ selected chemical properties.

Descriptive

Statics Guto-Gida Sassiga Guduru
Composts’ Electrical conductivity (mmhos/cm)

N 27 24 16
Mean 1.12 1.73 1.92
Minimum 0.29 0.06 0.68
Maximum 3.99 6.33 7.07
pH(1:2.5H20)

Mean 7.63 7.53 8.04
Minimum 6.50 5.95 6.65
Maximum 8.78 8.55 9.19

P (mg kg?)

Mean 92.29 60.14 84.79
Minimum 50.22 12.30 40.86
Maximum 136.52 137.82 132.05
OC (%)

Mean 7.83 7.17 6.79
Minimum 3.81 3.12 4.65
Maximum 13.37 15.45 9.17
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District

Horo Jimma-Genet Hawa-Gelan  Nedjo
9 10 19 41
1.40 1.65 1.99 1.86
3.90 0.73 0.29 0.34
9.00 3.69 8.49 6.03
7.25 7.90 7.90 8.21
8.75 6.39 5.73 6.45
9.00 9.18 9.15 9.69
73.74 99.86 130.96 NV
110.41 58.81 41.14 NV
9.00 146.08 156.55 NV
8.58 7.25 5.19 6.38
12.09 4.95 2.86 341
9.00 12.60 8.37 12.79
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Descriptive

Statics Guto-Gida Sassiga Guduru
TN(%)

Mean 0.67 0.62 0.59
Minimum 0.33 0.27 0.13
Maximum 1.15 1.33 0.27
C:N ratio

Mean 11.69 11.56 1151
Maximum 11.63 11.62 33.96
Minimum 11.55 11.56 35.76
Ca (mg kg™

Mean 79.99 71.88 83.72
Minimum 39.13 21.41 8.60
Maximum 115.69 127.44 151.91
Mg (mg kg™)

Mean 8.56 8.61 7.00
Minimum 3.72 2.61 0.89
Maximum 14.50 13.50 12.78
NV= No value

4. Summary and Conclusion

The result of the laboratory analysis revealed that due to
diverse maturity status composting process, the quality of
available compost can vary widely. Compost testing is
pre-requisite for applying compost to agricultural field. The
main parameter of compost determining the finished maturity
status and quality of compost; the C:N ratio; fell with the
acceptable range which indicate the suitability/quality of the
compost as soil amendment. Similarly, the EC (< 6
mmhos/cm), pH (neutral to slightly alkaline) and total %N
(0.45 to 3.50%) of the compost prepared at farmers’ level
from the locally available materials fell within the acceptable
range. On the other hand, the %OC, available P, exchangeable
Ca and Mg fell below the acceptable range indicating the low
content of the initially used feed stalks for composting. It was
concluded that the compost prepared at farmers level used to
enrich the soil with organic matter content leads to have re-
silient and health plants as a result of enhanced overall soil
quality. Thus, the farmers would likely be encouraged and
advised to shift from only using chemical fertilizers to inte-
grated application of both chemical and organic fertilizers to
have a health soil and plants. Therefore, farmers from the
study area can benefit by using the locally prepared compost
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District

Horo Jimma-Genet Hawa-Gelan  Nedjo
0.74 0.63 0.45 0.55
1.04 0.43 0.25 0.29
0.40 1.09 0.72 1..03
11.59 1151 11.53 11.60
225 11.60 11.63 12.42
11.63 11.52 11.44 11.58
47.87 44.79 61.00 NV
78.99 18.26 41.86 NV
9.00 85.56 95.43 NV
1.40 5.60 8.44 NV
3.90 1.56 6.11 NV
9.00 1211 12.16 NV

as soil amendments in maximizing the productivity of crops.

Abbreviations

AAS Atomic Absorption Spectrophotometer
Al Aluminum

Ca Calcium

C:N Carbon to Nitrogen ratio

DTPA Diethylene triaminepenytaacetic acid
EC Electrical Conductivity

Fe Iron

GHG Green House Gas

Mg Magnesium

oC Organic CarboN

OM Organic Matter

P Phosphorus

S Sulfur

TN Total Nitrogen
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