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Abstract

The study was conducted during 2020, at Fedis district of East Hararghe Zone, Oromia National Regional State; Ethiopia. Composting is a process where waste
organic materials derived from plants and/or animals are decomposed by microbial action under aeration to produce a friable homogenous product that is added to soil.
Biological, chemical and physical degradation of the soil and reduced yields of the most major crops at Fadis district was the major problem of the area .This was deuto
the reliance of farmers on chemical fertilizer alone, and continuous depletion of soil organic matter. Thus why this study was designed with the objectives of to prepare and
characterize nutrient composition of different vermicompost and to identify quality vermicompost for crop production. Different source of materials like Wheat, Sorghum,
Soybean residues, Haricot bean, Maize stock, chick pea, Finger millet, Groundnut residues, Rhodes grass and Bracharia were used to prepare vermicompost. The collected
substrates were chopped and added to the worm bin. Animal manure was added to all substrates in equal amount. The ratio of 1:2was used and Pit method was used for
vermi compost preparation. Composite vermi compost sample were analyzed for essential nutrients and chemical properties of compost. The Electrical conductivity of
vermicompost under this study was falls in the ranges of 3.22 dS m-6.7 dS m™ this alkalinity range is suitable for growth of most crops. According to result (Figure 1), the
pH value was in the ranges of 7.2-8.4. A pH greater than 8.5 and electrical conductivity of 8 dS m™ were found to harm both plants and earthworms. Out of all analyzed
vermicompost, the highest total nitrogen (TN3.21%) was recorded from vermicompost made from ground nut, soybean (2.93%) and haricot bean (2.73%) substrates and
the highest available phosphorus (787.75 mg/kgV. Compost) and 787.75mg/kg Compost) was obtained from vermicompost of haricot bean and chick pea followed
by wheat (715.93) respectively. This was the tripled and doubled of TN% available in the soil and conventional compost. Their variation might be attributed to nature of
different substrates. Vermi compost made from haricot bean was rich in all essential nutrients and other quality parameters and the most quality vermicompost for plant
growth followed by soya bean and chick pea.

improving soil fertility & development of secondary source of
income for the farmers [2]. 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

Introduction

Environmental degradation is a major threat challenging
the worldwide, and the extensive use of chemical fertilizers
contributes largely to the deterioration of the environment, loss
of soil fertility, less agricultural productivity, soil degradation

and Climate change due to a number of reasons. For instance
production of degradable organic waste and its safe disposal
influence on soil fertility [1]. Meanwhile the transformation
of degraded soils by protecting topsoil and sustainability of
productive soils is a major concern at the international level.
Ecological Agriculture”, which is by definition different from
“Organic Farming” that was focused mainly on production
of chemical free foods. Ecological agriculture emphasizes
on total protection of food, farm & human ecosystems while

susceptible to pests & diseases. 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 [3].

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
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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 [4]. Few
epigeic earthworms display all these characteristics, and only
four species have been extensively used in vermicomposting
facilities. Eisenia andrei, Redworms [Eisenia fetidal, Perionyx
excavatus and Eudrilus eugeniae [4]. Red worms are local
endemic species therefore appears to be appropriate for
vermicomposting; as such species are well adapted to different
environmental conditions.

Vermicomposting differs from composting in several
ways [5]. A mesophilic process utilizes microorganisms
and earthworms that are active at 10°C to 32°C (not ambient
temperature but temperature within the pile of moist organic
material). The process is faster than composting; because
the material passes through the earthworm gut that diverse
biological processes involved in the recycling and recovery
of waste components is of increasing importance for more
sustainable production and consumption systems. In short,
earthworms through a type of biological alchemy are capable
of transforming garbage into “gold” [6,7].

According to Ruz-Jerez and Tillman R [8], Vermicompost
is an excellent soil additive made up of digested compost and
Worm castings 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 castings 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 15 cm of
good top soil. In addition, the nutrient life is up to 6 times more
in comparison to the other types of compost.

According to Reinecke, et al. [9] report phosphorous while
passage through gut of worms is converted to the plant available
forms that it is usually considered as a limiting element for plant
growth. Therefore, any process that significantly increases
phosphorous availability through plants and organic matter is
very important for agriculture. The combination of nutrients
and microbial organisms are essential for growing healthy
and productive plants. Vermicompost not only adds microbial
organisms and nutrients that have long lasting residual effects,
it also modulates structure to the existing soil, increases water
retention capacity. Vermicompost may also have significant
effects on the soil physical properties. According to Ferreras,
et al. [10] and Marinari, et al. [11]observation indicates,
addition of 20 t.ha-1 vermicompost to an 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
a dose of vermicompost equivalent to 200 kg-ha-1 of nitrogen
to a corn field.
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Similarly, in description of Gopinath, et al. [12] a significant
decrease in soil bulk density and a significant increase in soil
pH and total organic carbon after application of vermicompost
in

In natures as a laboratory earthworm 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
micronutrients 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 also 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 beliefs and remains of early
extension, Land tenure systems, Scarcity of organic materials,
High population densities and deforestation, Climate change,
Inadequate use of synthetic fertilizers, Low availability of
organic soil amendments and fertilizers etc). Thus, clearly
designate that earthworm population decreases as soil quality
diminution and it can be used as a sensitive indicator of soil
degradation [2]. Thus Eastern Hararghe zone fail under
low productivity situation. Biological, chemical and physical
degradation of the soil and reduced yields of the most major
crops at fadis district was the major problem of the area. This
was deuto the reliance of farmers on chemical fertilizer alone,
and continuous depletion of soil organic matter. So in order
to reverse such problem, organic amendments are necessary
in which economic gain and ecological balance achieved while
also maintaining soil health and fertility .Therefore this study
was designed with the objectives of to prepare and characterize
nutrient composition of different vermi —compost and to
identify quality vermi- compost for crop production.

Objective

+ To prepare and characterize nutrient composition of
different vermicompost.

+ To identify quality vermicompost of different sources
that contains high composition of essential nutrients.

Material and methods
Location

The study was conducted at Fedis district of East Hararghe
Zone, Oromia Regional State; Ethiopia. It is located in the
eastern part of the country at 550 km from Addis Ababa the
capital city of Ethiopia and 24 km from Harar town in the
southern direction (Figure 1). The geographical location of the
district is 8° 22’ 0” and 9° 14’ 0” N and 42° 62’ 0” and 42°
19’ 0” E. The altitude of the area ranges from 500-2100 meter
above sea level (FWANRDO, 2017/18).

(=]
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Figure 1: Location map of the study area.

Climate and rain fall

According to FWANRDO (2017/18) report, the district has
two basic agro-climatic conditions, namely Midland (39%),
and lowland (61%). The district experience mean annual
maximum and minimum rainfall, mean annual maximum and
minimum temperature in the area were 850 to 650mm, 30.4°C,
and 10.0°C, respectively. Accordingly, the district has a bimodal
rainfall distribution pattern with heavy rains from April to June
and long and erratic rains from August to October.

Design of vermiculture

The worm bin where the worms live and produce compost,
shallow boxes were constructed in the house with the
dimension of 0.5m of height, 0.6m of width and 1m of length
from concrete cement.

Experimental materials and vermicompost preparation

The treatments consist of eleven types of feed materials
were used as a treatment which undergone partial fermentation
for 20 days with the combination ratio of crop residue (Dry
Organic Waste) to animal manure 1: 2 on weight basis.
Vermicompost was prepared from different substrate materials
which was locally available(from farmers field and research
station) such as wheat straw, maize stock, sorghum, haricot
bean, soya bean, finger millet, chick pea, ground nut, and
grasses like, elephant grass, Rhodes grass and Brach aria. A red

worm (Eisenia fetida) was used as a decomposer. The collected
substrates were chopped and added to the worm bin. Animal
manure was added to all substrates in equal amount. However,
plastic bag were used to apply the treatments/substrates.
After all substrates chopped, they added to plastic bags and
mixed with animal manure as a starter and sprayed with water
to maintain optimum moisture for worms. The mixture of
substrates was prepared from equal amount (3kg) and finally
mixed with animal manures. Substrates of 3kg kg mixed with
2kg of animal manure were filled based on the volume of worm
bin/plastic bag. After moisture optimized 180 earthworms was
counted and added to every treatment. Bottom face of plastic
bag was drilled to avoid water logging. Water was sprayed, as it
needed to keep the optimum moisture status of the worm feed.

Parameters and test methods

The pH and Electrical Conductivity (EC) was analyzed using
the - potentiometry (1:2.5) methods. And organic carbon was
analyzed by using - Walkley and Black methods

Total nitrogen - Kjeldahal method
Available phosphorus by - Olsen method.

Cation Exchange Capacity (CEC) and Exchangeable cations
K was analyzed by - neutral 1M ammonium acetate, neutral 1M
ammonium acetate (by flame photometer) respectively. And
Available K by - Morgan methods.
[ 044 |

Citation: Wako RE (2021) Preparation and characterization of vermicompost made from different sources of materials. Open J Plant Sci 6(1): 042-048.

DOI: https://dx.doi.org/10.17352/0jps.000031



P PeertechzPublications

Treatment arrangements are as fallows

Design: RCBD with three replication of each and composite
sample was analyzed at laboratory

Wheat straw
Sorghum residue
Soybean residue
Haricot bean residue
Maize stock
Chick pea residue
Finger millet residue
Groundnut residues.
Rhodes grass
Brach aria
Elephant grass
Data analysis
The collected data was subjected to SAS software 9.1 version
And the data was summarized and presented using graphs.
Result and discussion
Vermicompost analysis result

The collected vermicompost samples were analyzed for
soil reaction (pH (H,0), Electrical conductivity, Available
phosphorus, potassium, total nitrogen, exchangeable bases
and CEC (cation exchange capacity) Figure 2.

Electrical Conductivity (EC) in ds/m, Total nitrogen %
and soil pH

Electrical Conductivity (Ec) in ds/m : To identify the
salinity hazard of a vermicompost, Electrical Conductivity (EC)
measurements was conducted. The salt content can thus be

TN%,EC and pH

O LR N WA U O N KOO

ETN% WECds/m mpHH20 1:5

Figure 2: Electrical Conductivity (EC) in ds/m, Total nitrogen and soil pH (laboratory

result).
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estimated from the electrical conductivity of a vermicompost
suspension in distilled water. The highest (6.7ds/m) and lowest
(3.22ds/m) EC was obtained from wheat and chick pea straw
respectively. This finding is in line with (Richards, 1954) [13],
vermicompost made from Sorghum and mixed straw showed
slightly saline while from haricot bean, grasses, and maize
straw showed moderately saline. The increased EC(electrical
conductivity) during the period of the vermicomposting
processes is in consistence with that of earlier workers [14,15],
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 [16,17].

Soil reaction of vermicompost (pH)

Accordingtoresulttable (1) thehighest pHvaluewasobtained
from vermi compost of elephant grass followed by Rhodes
grass, and soybean maize stock pH (8.4, 8.2, 8.1) respectively.
On the other hand, the lowest pH value was measured from
vermi compost made from Haricot bean substrates followed
by wheat and sorghum substrate/residues pH value (7.2, 7.3
and 7.3) respectively. This finding is in line with, the study of
Tekalign (1991) [18], p H ranged from moderately to strongly
alkaline. Similarly Rogelio, et al. 2007; George W Dickerson
1994; EP. Jouquet, et al. 2013 [19,20] obtained similar results
in which the pH status of vermicompost was ranged from
6.8-8.41. Also Padmavathiamma, et al. 2008 [21] 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. Alkalinity and salinity are
harmful to both earthworms and microorganism [22]. 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, was attributed to
progressive utilization of organic acids and increase in mineral
constituents of waste.

Total nitrogen of vermicompost

The highest (3.21%) total nitrogen was recorded from
vermicompost made from ground nut soybean (2.93%) and
haricot bean (2.73%) substrates/residues respectively. And the
lowest total nitrogen was obtained from vermi compost made
from maize stock (1.15%) Elephant grass (1.39%) and Rhodes
grass (1.42%) respectively.

The variation of TN among the vermicompost attributed
to the substrates digested by worms. Because different types
of straw were contains different nitrogen contents. This was
in line with the finding of S.Kalantari, et al. [23] reported that,
3.5TN% of the total nitrogen was recorded from vermicomost.
George W. Dickerson [20] also obtain the total nitrogen
recorded in vermicompost 1.94%. The current result also
in line with the finding of [18] rating of total nitrogen in a
soil, the TN(total nitrogen) in a vermicompost made from all
substrates was high (>0.25%) and significantly greater than
in a soil. Therefore vermicompost application to soil could
increase total nitrogen. It was in agreements with studies of
(Tigist, et al. 2017) revealed application of vermicompost could
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increase total nitrogen in a soil. Vermicompost made from
groundnut, soybean and haricot bean was rich in TN% than
the rest compost made from other materials Figure 3.

Available phosphorus

The analyzed result revealed that, the highest available
phosphorus (787.75 mg/kgV. Compost) and 787.75mg/kg
V.compost) was measured/obtained from vermicompost made
from haricot bean and chick pea followed by wheat (715.93)
respectively. And the lowest value was recorded from the vermi
compost made from groundnut substrate/residues (406.88
mg/kgV. Compost) followed by Rhodes grass (512.44 mg/
kgV. Compost) and maize stock (525.5 mg/ of kgV. Compost)
respectively. Their variation might be attributed to nature of
the substrates. The enhanced P level in vermicompost suggests
phosphorous mineralization during the process. The worms
during vermicomposting 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 compared to soil, available phosphorous
from vermicompost made from all substrates, especially from
haricot bean vermicompost was very high. The current study
was in agreement with the findings of Nagavallemma KP, et al.
[24] reported that the available phosphorous in vermicompost
was much higher than the soil and conventional compost.
Thus, application of vermicompost could increase P content of
the soil if the soil is deficient with phosphorus Figure 4.

Available potassium (K)

According to the result above on Figure 5, the highest
available potassium was measured from vermi compost made
from Elephant grass (133500 K20mg/kg V.Compost) substrates
followed by finger millet (110000 K20mg/kg V.Compost),
wheat and groundnut respectively. And the lowest available
potassium was obtained from sorghum treatments/residues
followed by maize stock treatments.

According to previously, conducted study the available
potassium in vermicompost was stated by S.Kalantari, et al.
[23] that was 950.5K20mg/kg and C. Tognettia, et al. 2013
backyard vermicompost total potassium content was 8.2g/
kg means 8200mg/kg that contradict with S. Kalantari. The
study conducted by C. Tognettia, et al. (2013) and George W.
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Figure 3: Available phosphorus of vermicompost (laboratory result).
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Figure 5: The CEC of different vermi compost (laboratory result)

Dickerson [20] has close relation to this study which was 0.7%
and 8.3g/kg when converted to similar unit. In addition to this
the result obtained in this study is available in range stated by
Nagavallemma KP, et al. [24] which was 1500-7300mg/kg of
vermicompost.

Cation Exchange Capacity (CEC) of vermi compost made
from different crop residues

Cation Exchange Capacity (CEC): According to the result,
vermicompost made from sorghum and haricot bean contain
the highest Cation Exchange Capacity (CEC), 57.15 cmol+ kg/V.
compost) and followed finger millet 57.08(cmol(+)/kg compost.
But, the lowest CEC (54.24 cmol+kg-1) obtained from soybean
followed by Elephant grass (55.26 cmol+kg/V. compost).This
result was in agreement with finding of Hazelton and Murphy
(2007), CEC rating indicated the CEC of vermicompost made
from all substrates was rated to very high status. This result was
also in agreements with the study conducted by EP. Jouquet, et
al. (2013) which was 57.8 cmol+ kg .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 soil. Therefore application
of vermicompost made from all substrates could increase CEC
content of the soil in areas where soil with low CEC.

Conclusion and recommendation

Vermicompost made from different source of material have
different nutrient contents based on source of feed for vermi
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worm. Highest and lowest pH value was obtained from vermi
compost of elephant grass and Haricot bean substrates 8.4,
7.2 respectively. The pH value of this study was in range of
7.2-8.4 which falls under slight alkalinity range and suitable
for any plant growth. This study revealed that, the electrical
conductivity of vermicompost made from different source of
materials was in a ranges of 3.22 ds/m-6.7ds/m (Figure 1).
Vermicompost made from groundnut, soybean and haricot
bean was rich in TN% than the rest compost made from other
materials respectively. The highest (3.21%) total nitrogen was
recorded from vermicompost made from ground nut, followed
by soybean (2.93%), haricot bean (2.73%) and chick pea (2.62%)
substrates/residues respectively. And the lowest total nitrogen
was obtained from maize stock (1.15%) Elephant grass. TN%
of current study was in the ranges of 1.15%-3.21%. Available
phosphorus of vermicompost from different source of material
was falls in the range of 406.88p mg/kgV. Compost-787.75 P
mg/kg Compost. The highest available potassium was measured
from vermi compost made from Elephant grass (133500 Kmg/
kg Compost) substrates followed by finger millet (110000
K20mg/kg Compost), wheat and groundnut respectively. And
the lowest available potassium was obtained from sorghum
treatments/residues followed by maize stock treatments. The
CEC of all vermicompost under this study was in a ranges of
(54.24 cmol+kg-vermi compost (57.15cmol+ kg/V.compost).
According to this study, vermi compost made from Haricot
bean was the most quality vermicompost than the rest in
terms of all quality parameters followed vermi compost of
Chick pea substrates. According to this study, around 1.2t/ha of
vermicompost can replaces the commercial fertilizer (blanket
recommendation.) This finding is in line with Derrib kifle, et al.
[25] Therefore, vermicompost could be used as source of macro
nutrients and organic fertilizers for soils deficient with macro
nutrients [26-33].

Recommendation

Farmers should use vermi compost instead of heavy
commercial fertilizers. Research center, NGO’s and office
of agriculture should create awareness on preparation and
utilization of vermi compost. For further studies, verification of
this result, application rate of vermicompost and their effect on
soil physic chemical properties under field condition should be
done. Farmers should use vermicopost made from haricot bean
followed by chick pea and soya bean based on the availability of
composting materials.
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