RESEARCH ARTICLE

Worm collection and characterization of vermicompost produced
using different worm species and waste feeds materials at Sinana
on - station of Bale highland southeastern Ethiopia

Fahad Sardar

Sardar F. An environmental/scientific report into the crude oil spillage
incidence in Tein community, Biseni, Bayelsa state Nigeria. ] Environ
Chem Toxicol. 2022;6(4):01-04.

ABSTRACT

Soil fertility decline and high prices of inorganic fertilizers are among
the major bottlenecks for sustainable crop production and agricultural
productivity particularly for small holder farmers. Considering these issues
this study was conducted at Sinana Agricultural Research Centre, on station
to evaluate worm collected from different sites and characterizations of
vermicomposting nutrient content made from different feed sources. Trials
house or vermiculture was constructed on 15 m x 13 m land size having six
worm bins in the house in which single worm bin 9 m? area. Inside worm
bin were covered using plastic geo-membranes to make safe for earthworms
while on the top and partially, the body of house covered by corrugated iron
sheet in order protect from rain, flying predators and mesh wire for aeration
purpose was used. The earthworm collection conducted contains two parts.
The first part was locally collected from Sinana and Dinsho Districts from
moist cool, around dead leaves (straw), moist bark dead trees leaves and
farm yard manure stored for a long period of time at home garden. The
second part was the red worm (Eisenia fetida) taken from Ambo Agricultural
Research Center. Crop residue of field pea, faba bean, wheat and barley

after chopped both using grinding machine and manually mixed with farm
yard manure were used both for vermicompost and conventional compost.
The major chemical properties such as pH, EC, OC, TN, available P, CEC,
exchangeable bases (Ca, Mg, K and Na) and micronutrients (Fe, Mn, Cu
and Zn) were conducted using standard laboratory procedures. Results for
nutrient content characterizations indicated that 6.93-7.83; 0.003 ds/m to
0.007 ds/m ; 12.97% to 28.82%; 1.42% to 4.68%; 6.16% to 9.76%; 25.31
mg/kg to 89.89 mg/kg and 33.23 cmol’/kg to 65.43 cmol’/kg for pH; Ec;
OC; TN; C:N; Av.P and CEC; respectively were obtained. Both exchangeable
bases and micronutrients also follows similar trend for major essential plant
nutrients in which relatively highest value obtained from vermicompost
made using Eisenia Fetida while the lowest values obtained from conventional
compost. It can be concluded that high vermicompost quality in terms of
nutrient containing such as nitrogen, phosphorus, potassium, exchangeable
bases and micro nutrients was produced from the mixture of field pea, faba
bean, wheat and barley straw or residue using red earthworms (Eisenia fetida)
than locally collected worm species and conventional compost. It should
be recommended that multiplication, demonstration of Vermiculture and
vermicompost produced using Eisenia fetida and integrated use with inorganic
fertilizer is need in Sinana and similar agro - ecology.

Key Words: Eisenia Fetida, Vermicompost, Conventional compost, Nutrient
quality; Tanzania.

INTRODUCTION

ndifferent parts of the world currently, agriculture particles are characterized

by excessive inputs of chemical fertilizers, pesticides, and herbicides,
while the insufficient application of organic fertilizers. These excess uses of
chemical fertilizers and pesticides have resulted in numerous negative effects
on the environment, including water, degradation of soil quality, and losses
of agricultural biodiversity. Vermicomposting is an eco-biotechnological
process that transforms energy-rich and complex organic substances into
stabilized humus products vermicomposting having an environmentally
sound and economically viable technology, particularly for the farming
community. Vermicomposting one enriched with critical nutrients such
as Nitrogen, phosphorus, and potassium as well as high concentrations of
highly decomposed organic matter that serve as a resource for improving soil
fertility and crop productivity. Vermicomposting has many advantages over
traditional compost in terms of its physical structure, nutritional content, and
biochemical value due to the higher mineralization and humification rate
through the vermicomposting process. Earthworms play important roles in
soil formation and fertility, functioning as an element of a food web and also
responsible for altering the dynamics of the ecosystem through maintenance
and modification. The study of earthworms was started by Charles Darwin
who made the first report on the role of earthworms in the breakdown of
organic matter in the ecosystem . Preparations of vermicompost technology
utilizing earthworms, most frequently from the genus Eisenia fetida plays
an essential role in decomposing of organic matter and agro-wastes which
supports improving soil fertility, efficient natural recycling, and enhanced
plants’ growth particularly economically, affordable for smallholder farmers .

The earthworms have different effects on the decomposition of organic
matter, surface area, and quality. The maturity and quality of
vermicompost are important to predict its potential impact on soil fertility
which depends on knowledge of the microbial structure and functions.
Vermicompost is one excellent product technology used as plant growth
hormones, higher level of enzymes, greater microbial population and tends
to hold more nutrients over a longer period without adversely impacting
the environment . In different areas of the world commonly traditional
management practice of post-harvest residues rather than incorporation into
the soil or uses as sources of organic inputs subjected to elimination by
open air burning leads to the release of greenhouse gases mixing cow
dung crop residues helps to improve their acceptability by Eisenia fetida
and improves physicochemical characteristics of produced vermicompost.
This study in addition to worm collection and evaluates the adaptability
of determining vermicompost quality produced from mixed farmyard
manure with crop residues such as wheat, barley, faba bean, and field pea
straw or residue curtail role. The decomposition rate of vermicompost
decomposition rate than conventional compost due to the
transformation of organic materials takes place through earthworm gut
where the end materials contain high microbial activities, rich in
nutrient contents, plant growth regulator In Bale Zone particularly on the
highland crop residues such as wheat, barley, faba bean, field pea are the
major easily accessible residues mostly the farmers were burning on the
field. However, soil fertility declines as a result of nutrient leaching, and
loss through soil erosion, due to limited inputs of both organic and
inorganic fertilizer sources major problems for sustainable crop
production and agricultural productivity. Therefore, mixed use of
these locally available resources with farm yard manure has a curtail
role to improve crop production and agricultural productivity in
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sustainable ways. Among these vermicompost is environmentally sound
full and economically, affordable particularly for smallholder farmers.
Based on this, the study was initiated with the specific objectives to
collect the earthworm from different agroecology; evaluate the
adaptation of earthworms collected from different agroecology, and
characterize the nutrient contents vermicompost produced by
earthworms using different mixed feed sources[1-10].

MATERIAL AND METHODS

The study was conducted in Sinana District which is one of the Bale highlands
in Oromia Regional State, Southeastern Ethiopia. This District is bordered
by Goro District in the east, Dinsho District in the west, Agarfa, and Gasser
in the north and northeast, and Goba District. Sinan Agricultural Research
Center has located about 493 km from the capital city of Addis Ababa.
Geographically, Sinana Agricultural Research Center is located at 7°4 10”
to 7°9” 10” N and 40° 12’ 40” to 40° 16’ 40” E Figure 1.

Worm shade construction and establishment of vermiculture.

Trials house or vermiculture was constructed on 15 m x 13 m land size. In the
house, three worm bins in two replications were constructed from concrete
cement in rectangle form at 60 cm depth having an area of 3 m x 3 m (9 m?)
for each worm bin. A window or hole was developed at the common sides of
each box to make a suitable horizontal vermicompost harvest method (Figure
2). Inside worm bins were covered using plastic geo-membranes to make it
safe for earthworms. Partially, the house was covered by Corrugated iron
sheets to protect against rain, flying predators those attacked worms,
and mesh wire was used for aeration purposes Figure 2.

Feeds or substrates preparations and earthworm collection

This the major locally easy available crop residues wheat, batley, faba bean
and field pea straw or residue, and farmyard manure were used in mixed
ratio as feed sources for vermicompost produced. The substrates or crop
residue were chopped using a grinding machine and manually then finally
mixed with decomposed farmyard manure in a ratio of 2 (field pea):2 (fava
bean):1 (wheat straw):1 (barley straw) and 2 (farm yard manure) in a total of
8 kg mixed for each worm and one control (without worm or conventional
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Figure 2) Trail house for vermicompost and vermiculture establishment at Sinana
on- stations.
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compost) were used. Using water cane water was added to maintain optimum
moisture for worms as needed and facilitated decompositions as suitable for
worms. Feed sources and water were measured and uniformly added to the
worm bin box (5 kg) for each was used. The vermicompost produced was
started by uniformly releasing 50 worms independently according to
their collections into the feed sources Table 1 while the conventional
compost contains only the mixtures of all feed sources without any
worms and the other managements were uniform for all.

The earthworm collection conducted contains two parts, one was
locally collected from Sinana and Dinsho Districts. After a field survey on
the availability and identification of suitable areas for earthworms, the local
worm collection was done from moist cool, around dead leaves (straw),
moist bark dead tree leaves, and farm yard manure stored for a long period
at home garden. The second part was the red worm (Eisenia fetida) taken
from Ambo Agricultural Research Center. After the 40th day, the numbers
of earthworms were taken data obtained indicated a significant variation
among worm types collected Table 1.

Vermicompost harvesting and laboratory analysis

At the end of experiment, a total number of parent earthworms and newly
hatched earthworms were recorded. The Vermicompost in the containers
were then harvested and sieved (Zmm) to remove earthworms and
undecomposed materials. The harvested homogeneous vermicompost was
then stored separately and finally the vermin- compost quality was analyses
at Sinana agricultural research center soil laboratory and at Haramaya
university soil chemistry laboratory.

The pH and EC of both vermicompost and conventional compost was
measured in the supernatant suspension of a 1:2.5 soil to water ratio using a
pH meter and electrical conductivity; respectively (Rhoades, 1982). Walkley
and Black (1934) were used for the determination of organic carbon. Total
nitrogen was determined using the Kjeldahl method as described by Bremner
and Mulvaney (1982). Awvailable P was determined following the Olsen
method (Olsen, 1954) using ascorbic acid as a reducing agent.

Total exchangeable bases (Ca*", Mg?*, K*, and Na*) were conducted for
Ca® and Mg** were determined by Atomic Absorption Spectrometry (AAS)
while K" and Na” were determined by a flame photometer (Okalebo et al.,
2002). Cation Exchange Capacity (CEC) was determined using (Chapman,
1965). Percent Base Saturation (PBS) was calculated as follows;

The available micronutrients (Fe, Mn, Cu, and Zn) were extracted by
Diethylenetriaminepenta Acetic Acid (DTPA). Finally, their contents were
quantified using AAS at their wave lengths as described by (Lindsay and
Norvell, 1978).

Selected chemical properties vermicompost and conventional compost
The ph and electrical conductivity

As the laboratory analysis result revealed that pH value highest (7.83) while
lowest (6.93) was recorded for vermicompost and conventional
compost Table 2. According to Santamaria et al. (2001), the pH values of
all type of vermicompost are found in suitable range for survival of
earthworms since pH value>8.5 is harmful to microorganism. This
finding agreement with finding of Jouquet et al. (2013) who stated that
the values of pH was ranged from 6.88.41 for vermicompost.
Additionally, Derib et al. (2017) reported that, the pH of vermicompost
suitable as compared to conventional compost. Electrical Conductivity (Ec)
values were not significant variation in which

TABLE 1

Treatments feed combination and data collected on earthworm adaptation

No. Worm o ywpp AWL FPS FBS FROM WS BS TFPB

Bin Types (cm) Kg

| Bberia sy 6600 300 200 200 200 100 100 8
fetida

p Esemlaga o000 300 200 200 200 100 100 8
fetida

3 \’,JV’"S"“ 50 269.00 230 200 200 200 100 100 8
orm

4 \’,3(}“5’“’ 50 186.00 240 2.00 200 200 100 100 8
orm

5 Sinana 50 9500 200 200 200 200 100 100 8
Worm
6 Sinana 50

71.00 230 2.00 2.00 2.00 1.00  1.00 8
Worm
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totally it ranges from 0.003 ds/m to 0.007 ds/m Table 2. According to
Santamaria et al. (2001), EC values of both conventional and vermicompost
were free from salinity. The current values of EC obtained both from
vermicompost and conventional compost made from mixed materials are
suitable for earthworm feeds sources, survival for earthworms and applicable
for crop production. Similarly, Tadele et al. (2020) also obtained suitable
range of vermicompost EC values for both earthworm and crop production.

Organic carbon and total nitrogen

The mean value organic carbon varied from 12.97% to 28.82% in which the
highest mean value were obtained vermicompost prepared from Eisenia
fetida while the lowest from conventional Compost Table 2. Different
authors Eyasu et al. (2015); Hiranmai et al. (2016) and Derib et al. (2017)
also found the higher percentage of organic carbon for vermicompost
prepared using Eisenia fetida as compared to conventional compost.
The values of total nitrogen in this study ranged from 1.42% to 4.68%
in which the highest mean value were obtained vermicompost prepared
from Eisenia fetida while the lowest from conventional Compost Table 2.
This might be due to the high nitrification rate in which ammonium
ions are converted into nitrates in case of vermicompost produced using
Eisenia fetida. This result line with the finding of Ibrahim who stated that
Total nitrogen content in vermicompost can range quite widely from 0.1%
to 4% or more and 3.04% to 4.26%; respectively [11-19].

Carbon to nitrogen ratio and available phosphorous
Carbon to Nitrogen Ratio (C: N)

The calculated Carbon to Nitrogen ratio (C: N) varied from 6.16% to
9.76% Table 2. As the result indicates that the lowest (6.16%) was registered
under vermicompost prepared using Eisenia fetida while the highest
(9.76) was from worms collected Table 2. The C: N ratio values for
worms collected locally and that of conventional compost almost no
significant variation in which all values greater than the C: N ratio of
vermicompost prepared using Eisenia fetida. This result was confirmed by
different authors who stated that vermicompost had the lowest C: N
ratio as compared to conventional compost.

Available phosphorous

The laboratory analysis for available phosphorus (Av. P) shows that the
highest (89.89 mg/kg) and the lowest value (25.31 mg/kg) values were
recorded under vermicompost prepared using Eisenia fetida and
conventional compost; respectively Table 2. This might be due to hormone
releases of Eisenia fetida that improve decomposition rate and full
decomposition materials used that increase the content of phosphorus in
the vermicompost. Similar, Zarei et al. (2011) and Jayanta et al. (2015)
reported the highest available phosphorus contents in vermicompost. The
results of the current study revealed a significant variation among
locally collected worms, conventional compost, and vermicompost
prepared using Eisenia fetida. Muzafer and Pinky (2017) also reported
available phosphorus content in vermicompost which depend on the types
of earthworms and feed materials used.

Cation exchangeable capacity and exchangeable bases

Cation exchangeable capacity

Cation Exchangeable Capacity (CEC) values of vermicompost prepared
using different earthworm species and that of conventional compost using
different mixed feed sources varied from 33.23 cmol’/kg to 65.43 cmol’/
kg Table 3. As the results revealed that the highest (65.43 cmol’/kg) and
the lowest (33.23 cmol’/kg) were obtained from vermicompost prepared
using Eisenia fetida and conventional compost; respectively. This might be
due to vermicompost made using Eisenia fetida high nutrient rich
particularly due to high organic carbon content, better mineralization, and
full decompositions of substrates. This result was a garment with the
finding of Tadele et al.

TABLE 2

Nutrient contents of vermicompost and conventional compost for selected
chemical parameters at Sinan

Treatmens  PhELO EC(sm) . ™ N e
Sinan Worms 73 0.005 18.83 1.93 9.76 43.29
Eisenia fetida 7.83 0.007 28.82 468  6.16 89.89
Dinsho Worms 7.35 0.005 20.19 2.14 9.43 56.27
Conventional 6.93 0.003 12.97 142 913 2531

Compost
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TABLE 3

Cation exchangeable capacity and exchangeable bases status of vermicompost
and conversational compost at Sinan

Exchangeable base

CEC PBS

Treatments Ca Mg K Na
cmol’/kg %

Sinan Worms 46.67 28.29 0.68 1.99 0.42 67.80
Eisenia fetida 65.43 34.77 1.40 225 0.55 59.16
Dinsho Worms 45.44 29.71 0.73 1.23 0.42 70.62
Conventional 3323 2200 031 099 035 7L17
Compost
TABLE 4

Available micronutrients status of vermicompost and conversational compost
at Sinan

Micronutrients
Treatments Fe Mn Cu In
mg/kg
Sinana Worms 0.72 1.48 1.65 2.25
Eisenia Fetida 0.72 1.48 1.89 3.18
Dinsho Worms 0.80 1.16 1.64 0.08
Conventional Compost 0.71 1.20 1.40 0.04

(2020) who reported that CEC in vermicompost ranges from 57 mg/kg-
68.70 mg/kg for vermicompost made from different substrates.

Exchangeable bases (Ca, Mg, K and Na)

The analyzed result showed that the values for exchangeable bases (Ca, Mg,
K and Na) were varied from 22 cmol’/kg to 34.77 cmol’/kg, 0.3 cmol*/kg to
1.40 cmol*/kg, 0.99 cmol’/kg to 2.25 cmol*/kg and 0.35 cmol+/kg to 0.55
cmol+/kg for Ca, Mg, K and Na;j respectively Table 3. In all exchangeable
bases (Ca, Mg, K and Na) values the highest were obtained from vermicompost
made using Eisenia fetida while the lowest was obtained from conventional
compost. In general, the vermicompost obtained using Eisenia fetida using
mixed farm yard manure and other straw was rich in exchangeable cations
than conventional compost. The resulting agreement with the findings of
Amir and Fouzia (2011) reported that the exchangeable bases (Ca, Ma and
K) were significantly increased in vermicompost as compared to pit compost.
The calculated Percent Base Saturations (PBS) were valued at 59.16% to
71.17% the highest value was obtained from conventional compost while the
lowest was from vermicompost made using Eisenia fetida. The lowest Percent
Base Saturations (PBS) in vermicompost made using Eisenia fetida might be
due to high CEC contents.

Micronutrients contents

The analyzed result for micronutrient contents ranges from 0.80 to 0.71,
1.20 to 1.48, 1.40 to 1.89, and 0.04 to 3.18 for Fe, Mn, Cu, and Zn;
respectively Table 4. The highest Zn values were obtained from
vermicompost made using Eisenia fetida. Similarly, Rajiv et al. (2010)
found the highest Zn contents in vermicompost. As the results
revealed that vermicompost has better micronutrient contents than
conventional compost for the study conducted using different worms
and different mixed feed sources.

CONCLUSION

The quantity and characteristics of most chemical properties such CEC, NT,
Av. P, K, Zn, and the like depend on the types of the earth warms spices
(locally collected or the worldwide adapted Eisenia fetida) and types of compost
(vermicompost or conventional compost). High vermicompost quality in
terms of nutrients containing such as nitrogen, phosphorus, potassium,
exchangeable bases and micronutrients was produced from the mixture of
field pea, faba bean, wheat and barley straw or residue using red earthworms
(Eisenia fetida) than locally collected worm species and conventional compost.
It should be recommended further multiplication of Eisenia fetida and
demonstration of Vermiculture in Sinana and similar agroecology. A farther
study should be recommended on vermicompost equivalence with inorganic
fertilizers to use this technology in integrated ways for crop productions.

REFERENCES

1. Khan A, Ishag F. Chemical nutrient analysis of different composts

3


file:///C:\Users\UGT0305\Downloads\AJPSR-2011-1-1-116-130 (1).pdf

Sardar

10.

11.

(Vermicompost and Pitcompost) and their effect on the growth of a vegetative
crop Pisum sativum. Asian J. Plant Sci Res.2011;1(1):116-30.

Bhat SA, Singh ], Vig AP. Instrumental characterization of organic wastes
for evaluation of vermicompost maturity. J. Anal Sci Technol. 2017;8(1):1-2.

Kifle D, Shumi G, Degefa A. Characterization of Vermicompost for Major
Plant Nutrient Contents and Manuring Value. ] Sci Sustain Dev. 2017 Jul 6;
5(2):97-108.

Eyasu M, Anteneh A. Bioconversion of wastes (khat leaf leftovers and
Eucalyptus twigs) into vermicompost and assessing its impact on potato yield.

7 Agro. 2015; 14(1):37-42.

Aprile F, Lorandi R. Evaluation of cation exchange capacity (CEC) in tropical
soils using four different analytical methods.] Agri Science.2012Jun1;4(6):278.

Rameshwar HY, Argaw A. Manurial value of khat waste vermicompost from
Awday, Harar town, Ethiopia. Int ] Recyc Org Waste Agri;5(2):105-11.

Aali R, Jafarpour M, Kazemi E et al. Effects of raw materials on vermicompost

qualities. ] Plant Nutri.2017; 40(11):1635-43.

Jouquet E. P, Bloquel E, Thu D et al. Do Compost and Vermicompost
Improve Macronutrient Retention and Plant Growth in Degraded Tropical

Soils? Compost Science and Ultilization, 19 (1), 15-24.

Kalantari S, Hatami S, Ardalan MM et al. The effect of compost and
vermicompost of yard leaf manure on growth of corn. African Journal of

Agricultural Research. 4; 5(11):1317-23.

Khwanchai K, Kanokkorn S. Effect of agricultural waste on vermicompost
production and earthworm biomass. ] Environ Sci Technol. 2018;11(1):23-7.

Kovagik P, Salamun P, Wierzbowska J. Vermicompost and Eisenia
foetida as factors influencing the formation of radish phytomass.

Agriculture.2018;64(2);49.

12.

13.

14.

15.

16.

17.

18.

19.

Eshetu M, Abegeja D, Chibsa T, Bedaso N. Worm Collection and
Characterization of Vermicompost produced using different worm species
and waste feeds materials at Sinana on-Station of Bale highland southeastern
Ethiopia.

Mustafa, N.S., LA. Matter, H.R et al. The promotive effects of some natural
extracts (algal, yeast and vermiwash) on vegetative characteristics and
nutrients status of citrus lemon (Citrus aurantifolia) seedlings. Net ] Agric
Sci;7;439.

Rajiv K'S, Sunita A, Krunal C, et al. Vermiculture technology: reviving the
dreams of Sir Charles Darwin for scientific use of earthworms in sustainable
development programs. Technology and Investment.2010;27.

Ibrahim MH, Quaik S, Ismail SA. Vermicompost, Its Applications and
Derivatives. InProspects of Organic Waste Management and the Significance
of Earthworms Springer, Cham. 2010;210-13.

Santamaria R. S, Ferrera C. R, Almaraz S, et al. Dynamics and relationships
among microorganisms, C-organic and N-total during composting and
vermicomposting. Agrociencia-Montecillo, 5 (4); 377-84.

Tadele Geremu, Habtamu Hailu, Alemayhu Diriba. Evaluation of Nutrient
Content of Vermicompost Made from Different Substrates at Mechara
Agricultural Research Center on Station, West Hararghe Zone, Oromia,

Ethiopia. Ecol Evol Biol.5 (4):125-30.

Tajbakhsh ], Goltapeh EM, Varma A. Vermicompost as a biological
soil amendment. InBiology of earthworms 2011. Springer, Berlin,

Heidelberg.2011;215228.

Kandan T and Subbulakshmi. Chemical Nutrient Analysis of Vermicompost
and Their Effect on the Growth of SRI Rice Cultivation. Int ] Innov Res Sc
Eng Technol; 4(6): 4382-48.

J Environ Chem Toxicol Vol 6 No 4 July 2022


file:///C:\Users\UGT0305\Downloads\AJPSR-2011-1-1-116-130 (1).pdf
file:///C:\Users\UGT0305\Downloads\AJPSR-2011-1-1-116-130 (1).pdf
https://link.springer.com/article/10.1186/s40543-017-0112-2
https://link.springer.com/article/10.1186/s40543-017-0112-2
https://196.189.45.72/index.php/jssd/article/view/76
https://196.189.45.72/index.php/jssd/article/view/76
https://www.cabdirect.org/cabdirect/abstract/20153247174
https://www.cabdirect.org/cabdirect/abstract/20153247174
https://pdfs.semanticscholar.org/d414/0cb0be0e8ee0fba3722c0d96f1def396d278.pdf
https://pdfs.semanticscholar.org/d414/0cb0be0e8ee0fba3722c0d96f1def396d278.pdf
https://link.springer.com/article/10.1007/s40093-016-0121-y
https://link.springer.com/article/10.1007/s40093-016-0121-y
https://www.tandfonline.com/doi/abs/10.1080/01904167.2016.1270319?cookieSet=1
https://www.tandfonline.com/doi/abs/10.1080/01904167.2016.1270319?cookieSet=1
https://www.tandfonline.com/doi/abs/10.1080/1065657X.2011.10736972
https://www.tandfonline.com/doi/abs/10.1080/1065657X.2011.10736972
https://www.tandfonline.com/doi/abs/10.1080/1065657X.2011.10736972
https://academicjournals.org/journal/AJAR/article-full-text-pdf/8CD7E8034206.pdf
https://academicjournals.org/journal/AJAR/article-full-text-pdf/8CD7E8034206.pdf
https://www.cabdirect.org/cabdirect/abstract/20183301519
https://www.cabdirect.org/cabdirect/abstract/20183301519
https://www.researchgate.net/profile/Jadwiga-Wierzbowska/publication/326060166_Vermicompost_and_Eisenia_Foetida_as_Factors_Influencing_the_Formation_of_Radish_Phytomass/links/5b360c124585150d23e0f1f2/Vermicompost-and-Eisenia-Foetida-as-Factors-Influencing-the-Formation-of-Radish-Phytomass.pdf
https://www.researchgate.net/profile/Jadwiga-Wierzbowska/publication/326060166_Vermicompost_and_Eisenia_Foetida_as_Factors_Influencing_the_Formation_of_Radish_Phytomass/links/5b360c124585150d23e0f1f2/Vermicompost-and-Eisenia-Foetida-as-Factors-Influencing-the-Formation-of-Radish-Phytomass.pdf
https://www.researchgate.net/profile/Daniel-Nanesso/publication/361721615_Worm_Collection_and_Characterization_of_Vermicompost_produced_using_different_worm_species_and_waste_feeds_materials_at_Sinana_on_-Station_of_Bale_highland_southeastern_Ethiopia/links/62c160203d26d6389e8db5f9/Worm-Collection-and-Characterization-of-Vermicompost-produced-using-different-worm-species-and-waste-feeds-materials-at-Sinana-on-Station-of-Bale-highland-southeastern-Ethiopia.pdf
https://www.researchgate.net/profile/Daniel-Nanesso/publication/361721615_Worm_Collection_and_Characterization_of_Vermicompost_produced_using_different_worm_species_and_waste_feeds_materials_at_Sinana_on_-Station_of_Bale_highland_southeastern_Ethiopia/links/62c160203d26d6389e8db5f9/Worm-Collection-and-Characterization-of-Vermicompost-produced-using-different-worm-species-and-waste-feeds-materials-at-Sinana-on-Station-of-Bale-highland-southeastern-Ethiopia.pdf
https://www.researchgate.net/profile/Daniel-Nanesso/publication/361721615_Worm_Collection_and_Characterization_of_Vermicompost_produced_using_different_worm_species_and_waste_feeds_materials_at_Sinana_on_-Station_of_Bale_highland_southeastern_Ethiopia/links/62c160203d26d6389e8db5f9/Worm-Collection-and-Characterization-of-Vermicompost-produced-using-different-worm-species-and-waste-feeds-materials-at-Sinana-on-Station-of-Bale-highland-southeastern-Ethiopia.pdf
https://www.researchgate.net/profile/Daniel-Nanesso/publication/361721615_Worm_Collection_and_Characterization_of_Vermicompost_produced_using_different_worm_species_and_waste_feeds_materials_at_Sinana_on_-Station_of_Bale_highland_southeastern_Ethiopia/links/62c160203d26d6389e8db5f9/Worm-Collection-and-Characterization-of-Vermicompost-produced-using-different-worm-species-and-waste-feeds-materials-at-Sinana-on-Station-of-Bale-highland-southeastern-Ethiopia.pdf
https://www.researchgate.net/publication/332434184_The_promotive_effects_of_some_natural_extracts_algal_yeast_and_vermiwash_on_vegetative_characteristics_and_nutrients_status_of_citrus_lemon_Citrus_aurantifolia_seedlings
https://www.researchgate.net/publication/332434184_The_promotive_effects_of_some_natural_extracts_algal_yeast_and_vermiwash_on_vegetative_characteristics_and_nutrients_status_of_citrus_lemon_Citrus_aurantifolia_seedlings
https://www.researchgate.net/publication/332434184_The_promotive_effects_of_some_natural_extracts_algal_yeast_and_vermiwash_on_vegetative_characteristics_and_nutrients_status_of_citrus_lemon_Citrus_aurantifolia_seedlings
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09Rajiv+K.+Sinha%2C+Sunita+Agarwal%2C+Krunal+Chauhan%2C+Vinod+Chandran+and+Brijal+Kiranbhai+Soni.+2010.+Vermiculture+Technology%3A+Reviving+the+Dreams+of+Sir+Charles+Darwin+for+Scientific+Use+of+Earthworms+in+Sustainable+Development+Programs.+Technology+and+Investment%2C+1%3A+155-172&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09Rajiv+K.+Sinha%2C+Sunita+Agarwal%2C+Krunal+Chauhan%2C+Vinod+Chandran+and+Brijal+Kiranbhai+Soni.+2010.+Vermiculture+Technology%3A+Reviving+the+Dreams+of+Sir+Charles+Darwin+for+Scientific+Use+of+Earthworms+in+Sustainable+Development+Programs.+Technology+and+Investment%2C+1%3A+155-172&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09Rajiv+K.+Sinha%2C+Sunita+Agarwal%2C+Krunal+Chauhan%2C+Vinod+Chandran+and+Brijal+Kiranbhai+Soni.+2010.+Vermiculture+Technology%3A+Reviving+the+Dreams+of+Sir+Charles+Darwin+for+Scientific+Use+of+Earthworms+in+Sustainable+Development+Programs.+Technology+and+Investment%2C+1%3A+155-172&btnG=
https://link.springer.com/chapter/10.1007/978-3-319-24708-3_9
https://link.springer.com/chapter/10.1007/978-3-319-24708-3_9
https://link.springer.com/chapter/10.1007/978-3-319-24708-3_9
https://eurekamag.com/research/003/719/003719901.php
https://eurekamag.com/research/003/719/003719901.php
https://eurekamag.com/research/003/719/003719901.php
https://eurekamag.com/research/003/719/003719901.php
https://eurekamag.com/research/003/719/003719901.php
https://eurekamag.com/research/003/719/003719901.php
https://eurekamag.com/research/003/719/003719901.php
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.%09Tajbakhsh%2C+J.%2C+E.M.+Goltapeh+and+A.+Varma%2C+2011.+Vermicompost+as+a+Biological+Soil+Amendment.+In%3A+Biology+of+Earthworms.+Karaca%2C+A.+%28Ed.%29.%2C+Springer%2C+Berlin%2C+Heidelberg%2C+ISBN%3A+978-3-642-14636-7+pp%3A+215-228&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.%09Tajbakhsh%2C+J.%2C+E.M.+Goltapeh+and+A.+Varma%2C+2011.+Vermicompost+as+a+Biological+Soil+Amendment.+In%3A+Biology+of+Earthworms.+Karaca%2C+A.+%28Ed.%29.%2C+Springer%2C+Berlin%2C+Heidelberg%2C+ISBN%3A+978-3-642-14636-7+pp%3A+215-228&btnG=
file:///C:\Users\UGT0305\Downloads\ijirset.com\upload\2015\june\115_Chemical.pdf
file:///C:\Users\UGT0305\Downloads\ijirset.com\upload\2015\june\115_Chemical.pdf

