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Abstract: Earthworms are known to be an excellent biological source that recovers plant nutrients
from the organic wastes. With the synergistic action of these earthworms along with bacteria,
conversion of organic wastes into nutrient rich bio-fertilizer occurs through vermicomposting or
vermistabilization, which is a cost efficient, eco-friendly and simple biotechnological process.
During this process, important nutrients including nitrogen, potassium, phosphorus and calcium
are released and converted into more soluble and easily available forms to plants by microbial
action. The present review focuses on the effect of different combinations of animal dung with
kitchen wastes on the reproductive potential of earthworm Eutyphoeus waltoni as well as bio-
conversion of kitchen wastes mixed with animal wastes into humus rich manure.
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INTRODUCTION to the microbial decomposition of these wastes

Enormous mass of organic wastes are produced
and released continuously in the environment.
Animals produce enormous mass of organic
wastes, which causes serious problem to the
society. Simultaneously, such wastes also come
into nature as a result of over anthropogenic
activities (Prakash and Verma, 2022). Most of the
bio-solid wastes are highly infectious as they
hold an array of pathogenic micro-organisms.
Due to the odour problem, wastes exert negative
impact on the environment (Verma and Prakash,
2020a). Various harmful gases are produced due

(Garg et al., 2006). Disposal of these wastes into
the environment without prior disinfection can
cause hazardous risks to health and environment
(Khaleel et al.,, 1981). These wastes are
considered as major resources that can enrich
crop fields, supplement organic matters and
improve soil conditions (Reinecke et al., 1992).

Now it has become significant to develop a
relevant technology to recover the energy from
these organic wastes because these organic
wastes act as a non-conventional sources and
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available at no or low cost. Vermicomposting
technology has been developed to recycle the
organic wastes in recent years. Vermicomposting
technology constitutes one of the efficient tools
for the management of organic waste (Manyuchi
et al., 2014). It is a type of composting in which
some species of earthworms are used to enhance
the process of organic waste conversion with the
production as better end product called
vermicompost.

The vermicomposting is a biotechnological, eco-
friendly, aerobic and less expensive biological
process of converting the wastes into stabilized
vermicompost by earthworms (Gunadi et al,
2002). It is an extremely valuable product and
also known as black gold because it helps in the
growth of plants when it is mixed with soil. The
management of biological wastes is gaining great
significance because it provides not only clean
and healthy environment but also improves the
quality of the soil and helps to make it fertile
which in turn improves the productivity of the
crops (Butleretal., 2001).

A number of researchers such as Bisht et al.
(2007) and Chauhan and Singh (2015) worked on
various species of earthworms to utilize the
wastes as feed materials for their growth but not
much has been explored on anecic species. This
review article focuses on the potential utilization
of kitchen wastes with different combinations of
animal dung as feed material for the growth and
reproduction of anecic earthworm, Eutyphoeus
waltoni.

EARTHWORMS

Earthworms are terrestrial invertebrates, belong
to the class Oligochaeta of phylum Annelida
(Verma and Prakash, 2020b). Earthworms act as
soil engineers because they can manufacture
energy and destroy soil pathogen (Deswal et al.,
2020). Earthworms in soil act as aerators,
grinders, crushers, chemical degraders and
biological stimulators (Edwards and Bohlen,
1996). Earthworms are great contributors to the
recycling of carbon and nitrogen in the ecosystem
and have the potential to break down the organic
materials and excrete out the concentrated
nutrients which makes them a functional
contributor to the ecosystem. For monitoring soil

pollution, earthworms act as a bio- indicator
(Singh and Fatima, 2022a). Earthworms are also
helpful in treating waste water by vermifiltration
technology (Singh and Fatima, 2022b).

On the basis of morphology, ecology and vertical
position in or above the soil, earthworms can be
categorised into three groups i.e., Epigeic
earthworms, Endogeic earthworms and Anecic
earthworms (Bouche, 1972; Singh and Kumar,
2014). Anecic species inhabits near subsurface
soil region. They have their own morphology and
have their own feeding system. They make
permanent vertical burrows in soil and feed on
leaves on the soil and drag it into their burrows.
They are of dark red or brown in colour at the
head end and have paler tails. Anecic earthworms
avoid cold temperature and migrate to soil layers
which are more favourable. For conditioning the
canteen waste, domestic waste, municipal waste,
agricultural waste and other such type of wastes
of organic nature, anecic species are found more
suitable (Gergsetal., 2022).

Eutyphoeus waltoni Michaelsen, 1907:
Eutyphoeus waltoni Michaelsen, 1907 is an
anecic earthworm species, belongs to the family
Octochaetidae, found over a large part of India.
Eutyphoeus waltoni is newly recorded in
Amritsar, Punjab (Singh et al., 2015). Its total
length ranges from 9-23 cm with 190-210
segments. The colour of this species is brownish
toviolet grey.

The earthworm species are found abundantly in
both cultivated and non-cultivated agro-
ecosystems. In both the cases, M. posthuma was
the most abundant species. But in the cultivated
agro-ecosystem, Eutyphoeus waltoni was the
second most abundant earthworm species while
in the non- cultivated fields, Eutyphoeus waltoni
is the fourth most abundant species (Singh et al.,
2020).The impact of the herbicide 2,4-D on
earthworm Eutyphoeus waltoni in soil, has also
been investigated as it has poor biodegradability.
Its toxic effect was investigated in feed material in
combination with the dung, agro waste and soil
alone (Singh and Singh, 2015).

Kitchen wastes:
One of the major sources of municipal solid waste
is household kitchen waste. Domestic waste is
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mainly of organic nature and contributes
approximately 70% to 80% of urban solid wastes
in India (Kale, 1998). Large quantity of kitchen
wastes produced in India every year (Gupta,
2008). These kitchen wastes produce harmful
effects on the health and environment, if they are
not decomposed. In every home kitchen, large
amount of food scraps are generated for disposal.
These scraps create odour problem when they are
thrown in the garbage and adds to the volume of
waste going in the landfill. To dispose these
kitchen wastes in a garbage disposal is very
convenient, but it creates burden to the waste
treatment system and throws away a potentially
valuableresource (Chavanetal., 2017).

About 320 million tonnes of agricultural wastes
are generated annually in India (Suthar et al,
2005), in which the vegetable waste is present in
the major proportion. Vegetable scraps collected
from the vegetable market and dumped into the
municipal landfills, causes environmental issues
because of high biodegradability (Bouallagui et
al., 2004). Vegetable waste is a good material for
vermicomposting as it is a pure organic material
so it can be easily decomposed in comparison of
other wastes. Spinach, Chinese mustards, leaf
mustards, cabbages, and other vegetables are the
most common vegetable waste composition that
can be found. Banana is the second largest fruit
after citrus fruit which is produced and
contributes about 16% of the world's total fruit
production. The largest producer of banana fruit
is India, which contributes to 27% of world's
banana production. Banana is highly nutritious
fruit rich in potassium and calcium. Components
of banana plant is wuseful in food, feed,
pharmaceutical, packaging, and many other
industrial applications . The peel of banana is
rich in vitamins, starch, crude protein, crude fat,
total dietary fibre, and poly unsaturated fatty
acids as well as micronutrients (K, P, Ca, Mg)
(Debabandyaetal., 2010).

Animal wastes:
Million tons of animal wastes like cow, buffalo,

goat dung etc are produced annually in
India.These wastes create serious environmental
and odour problems to the surrounding areas
(Garg et al, 2005). These animal wastes are
powerful manures because they are rich in

minerals like nitrogen, phosphorus, potassium
etc so they can be positively used as a feed
material for earthworms.

For the management of these wastes, organic
farming through vermicomposting is a better
option. Vermicomposting is the best option for
better recycling of kitchen wastes and animal
dung (Shrimal and Khwairakpam, 2010) and on
the other hand utilization of these wastes reduces
the pollution effect on the environment.
Vermicomposting by the earthworms enhance
the quality of feed material. Management of
wastes through vermicomposting by using
earthworms is one of the better options than
microbes because it converts the waste into a
valuable product which is used in agriculture to
increase the production of food (Parr et al., 2002).

Reproductive potential of various earthworms
in different feed material:

Earthworm shows different patterns of cocoon
production with different initial feed mixtures.
The feed in the vermibed directly influence the
pattern of reproduction in earthworms.
Earthworms obtain their nutrition from organic
wastes, living micro-organisms and by
decomposing animals. The quality of organic
wastes is one of the major factors which
determine the onset and rate of reproduction
(Dominguez et al., 2000). The impact of vermibed
substrate on reproductive potential of
earthworms was also confirmed by Yadav and
Garg(2011). The quantity of food taken by worms
varies from 100 to 300 mg per g body weight per
day.

Among the different variables the type of feed
material seems to be most important for the
production of earthworms (Fayolle et al., 1997).
Depending on the quality of the feed materials the
reproduction pattern of earthworm shows
variations in different feed materials. It has been
reported by earlier studies that Eisenia fetida
showed variation in reproduction pattern with
respect to nature of the feed materials (Suthar et
al., 2005). The production of earthworm relies on
the biochemical property of the feed material.
Growth and reproduction of earthworms is
favoured by the feed materials which provide
enough amounts of easily metabolizable organic
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matter and non-assimilated carbohydrates. The
doubling time of earthworm specifically depends
upon the earthworm species, type of food,
climatic conditions etc. The mean doubling time
with reference to density and biomass of Perionyx
excavatus is 11.72 and 16.14 days respectively
(Ismail, 1997).

Suthar (2007a) reported that the decomposition of
waste and production of earthworm was strongly
associated with the quality of substrate mainly
with their chemical and biological composition.
Siddique et al. (2005) reported that cattle waste is
one of the best food sources for earthworm. It has
been observed by the researchers that, when
earthworms were introduced into organic wastes,
it showed increased growth rate and reproduction
activity (Suthar and Singh, 2008). Earthworms
which fed on any nitrogen-rich diet grow faster and
produce more cocoons comparatively with little
nitrogen available.

It has been reported that earthworm grow faster
when provided with animal dung, leaf litter rich
in protein, and soluble sugar (Edwards and
Bohlen, 1996). Vermicomposting of cattle and
goat manure by Perionyx excavatus and their
growth and reproduction performance was
studied. The cattle manure provided more
nutritious and friendly environment to the
earthworm than goat manure. Higher cocoon
production and weight gain by Eisenia fetida in
cattle waste than in goat waste has been reported
by Loh et al. (2005). Kale et al. (1982) reported the
potential of Perionyx excavatus for breaking down
of organic waste. The highest rate of reproduction
in Perionyx excavatus was noticed in the feed
mixture of cow dung mixed with straw
(Chaudhuri et al., 2000). In the recent study it has
been reported that Perionyx excavatus shows
maximum growth and reproduction in the feed
mixture of cow dung mixed with banana trunk
and cow dung mixed with vegetable scraps (Sadia
etal., 2020).

Reproductive potential of Eutyphoeus waltoni
in different feed material:

Highest increase in the number of earthworm
Eutyphoeus waltoni was observed in the
combination of buffalo dung mixed with gram
bran than the dung alone. It has been observed

that buffalo dung was found to be very potent for
the growth and development of Eutyphoeus
waltoni (Singh, 2020). Feeds that provide
earthworms with a sufficient amount of easily
available organic matter and non-assimilated
carbohydrates promote earthworm growth and
reproduction.

Different combinations of animal dungs (Cow,
buffalo, goat) with kitchen wastes (vegetable
waste, banana peels) mixed in different ratios had
been used for earthworm Eutyphoeus waltoni as
feed materials under identical laboratory
conditions. Significant growth and development
of earthworm Eutyphoeus waltoni was observed
in the combination of wastes than in the control
dung alone. Total biomass gain was highest in
buffalo dung mixed with vegetable waste among
all the feed mixtures. Significant growth was also
observed in cow dung mixed with vegetable
waste among all the combinations but less than
the combination of buffalo dung and vegetable
waste. It showed that buffalo dung mixed with
vegetable waste is the better feed material for
enhancing the population of earthworm,
Eutyphoeus waltoni. Maximum significant gain
in the weight and length of the earthworm,
Eutyphoeus waltoni has been reported in the
combination of gram bran and buffalo dung
(Singh, 2020).

Change of physico-chemical properties in feed
material by the processing of Eutyphoeus
waltoni:

There was significant decrease in pH, Electrical
Conductivity (EC), Total Organic Carbon (TOC)
and Carbon to Nitrogen ratio while significant
increase in Total Kjeldahl Nitrogen (TKN) and
Total Available Phosphorus (TAP) in all the
combinations of animal dungs with kitchen
waste after the processing of earthworm
Eutyphoeus waltoni when compared to the initial
feed mixture. It was reported that pH declined
due to the mineralization of nitrogen and
phosphorus compounds and the production of
humic acid during vermicomposting (Ndegwa et
al., 2000).

Micro-organisms which are found in the gut of
earthworms produce organic acids which may
decrease the pH in the feed mixtures by the
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activity of earthworms. The electrical
conductivity of initial feed mixture decreased
significantly after the processing of earthworm,
which may occur due to the loss of high organic
matter and consequent release of different
mineral salts. It was observed that EC declined
significantly (28.69%) in the final vermicompost
during the management of bio sludge of the
beverage industry (Singh et al., 2010). Increased
rate of loss of organic matter and consequent
release of different mineral salts caused the
reduction in EC (46% to 28.4%) in final
vermicompost (Gargetal., 2005).

The TOC content in all the feed mixture declined
after the processing of earthworm FEutyphoeus
waltoni. It may occur due to the loss of CO, by the
activity of earthworms (Suthar and Singh, 2008).
Decrease in the TOC content of a resultant product
after vermicomposting was observed in the studies
conducted by Contreras-Ramos et al. (2005). 24%
to 60% reduction of TOC content during
vermicomposting was observed in different
combinations of vermibed in an earlier research
(Yadav and Garg, 2010). TKN content was
significantly increased in all the feed mixture after
the processing of earthworm, Eutyphoeus waltoni.
This may caused due to the mineralization of
organic matter during the process and release of
nitrogen rich excretory product, mucus enzymes
and certain hormones by earthworms (Hobson,
2005). The availability of the nitrogen content in
the vermicompost depends mainly on the
combination of initial feed material.

It was reported by Chauhan and Singh (2013) that
the final vermicompost of GWGr (goat dung +
wheat straw + gram bran) showed the significant
increase (53.80%) of TKN content. C/N ratio in all
the feed mixture declined after the processing of
earthworm Eutyphoeus waltoni. This may occur
due to the loss of carbon by microbial respiration
and mineralization as well as simultaneous
addition of nitrogen by the earthworms in the
form of mucus and nitrogenous excretory
material (Suthar, 2007b). During the process of
vermicomposting waste mineralization and
stabilization was reflected by the C/N ratio of the
substrate material. Higher C/N ratio indicates
slow degradation of the substrate by the species
and lower C/N ratio indicates the higher

efficiency level of mineralization by the species
(Haug, 1993). Eudrilus eugeniae lowers the C/N
ratio in the final mixture after vermicomposting
suggested that this species improved the
mineralization of organic matter more efficiently
(Pattnaik and Reddy, 2010). The total phosphorus
content increased significantly after the
processing of earthworm Eutyphoeus waltoni.

It has been reported that after vermicomposting
total phosphorus content increased in the final
feed mixture compared to the initial feed mixture
(Suthar, 2007a). The increased phosphorus
content in the final feed mixture has taken place
due to the mineralization of phosphorus. During
the process of vermicomposting, earthworms
converted the insoluble P into soluble forms with
the help of P solubilising microorganisms present
in their gut (Padmavathiamma et al., 2008).

CONCLUSION

Much work has not been reported in this area by
using anecic species especially Eutyphoeus
waltoni. This review article throws the light on
identifying the suitable combination of animal
wastes and kitchen wastes for better growth and
development of earthworm Eutyphoeus waltoni.
This species is the standard test organism used in
terrestrial ecotoxicolgy because it can easily feed
on a variety of organic wastes. As this species can
easily feed on variety of organic wastes much
work should be focused in this area by using
anecic species to see whether they can contribute
much or not. This study will also help to dispose
the kitchen wastes which get generated
extensively by every home kitchen on the daily
basis in an efficient manner and can cause a
positive impact on the environment. The wastes
will not only be utilized efficiently but also help
in making a value-added product called as
compost. By using this compost in agricultural
system the plant growth and productivity will
increase significantly and it will be safe for soil,
environment and human health.

CONFLICT OF INTEREST
The authors declare no conflict of interest
regarding the publication.

ACKNOWLEDGEMENT

The authors are highly thankful to the Head,
Department of Zoology, D.D.U. Gorakhpur
University, Gorakhpur, India.



88 // Effect of kitchen wastes and animal dung on

Nazia Siddiqui and Keshav Singh, IJBI 5 (1): 2023

REFERENCES

1.

Bisht R., Pandey H., Bharti D., Bisht S.P.SS.
and Kaushal B.R. (2007). Reproductive
potential of the earthworm Metaphire
posthuma (Oligochaeta) in different food
substrates. Tropical Ecology. 48(1):107-114.

Bouallagui H., Torrijos M., Godon ].J.,
Moletta R., Cheikh R.B., Touhami Y.,
Delgenes J.P. and Hamdi M. (2004). Two-
phase anaerobic digestion of fruit and
vegetable wastes: bio reactors performance.
Biochemical Engineering Journal. 21(2):193-
197. https://doi.org/ 10.1016/

].BE].2004.05.001.

Bouche M.B. (1972). Lombriciens de France.
Ecologie et systematique. Ann. Soc. Ecol.
Anim. 72:1671.

Butler T.A., Sikora L.]J., Steinhilber PM. and
Douglass L.W. (2001). Compost age and
sample storage effects on Maturity Indicators
of Biosolids Compost. | Environ Qual. 30(6):
2141-2148. https://doi.org/10.2134/

jeq2001.2141.

Chaudhuri PS., Pal T.K., Bhattacharjee G.
and Dey S.K. (2000). Chemical changes
during vermicomposting (Perionyx
excavatus) of kitchen wastes. Tropical
Ecology.41(1):107-110.

Chauhan H.K. and Singh K. (2015). Effect of
different combinations of feed materials on
the reproduction and development of
earthworm FEisenia Fetida during
vermicomposting. Research Journal of
Science and technology. 7(1). 19-22. https:/
doi.org/10.5958/2349-2988.2015.00004.2.

Chauhan H.K. and Singh K. (2013). Effect of
tertiary combinations of animal dung with
agro-wastes on the growth and development
of earthworm Eisenia fetida during organic
waste management. Int. /. Rec. Org. Waste.
Agri. 2:11. https://doi.org/10.1186/2251-7715-
2-11.

Chavan R.G., Alandikar N.P, Bansode R.D.,
Thakur A.A., Totad K.C. and Lamkane S.L.
(2017). Management of kitchen waste by
using vermicomposting method.
International Journal of Innovative Science
and Research Technology.2(6): 28-29.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Contreras-Ramos S.M., Escamilla-Silva E.M.
and Dendooven L. (2005). Vermicomposting
of biosolids with cow manure and oat straw,
Biol. Fer. Soil, 41(3):190-198. https://doi.org/
10.1007/s00374-004-0821-8.

Debabandya M., Sabyasachi M. and
Namrata S. (2010). Banana and its by-
product utilisation: an overview. Journal of
Scientific and Industrial Research. 69:323-
329.

Deswal P, Yadav Y., Khushbu and Shukla V.
(2020). Evaluation of Antioxidant Activity of
Eisenia fetida. International Journal of
Biological Innovations. 2(2): 109-116.
https://doi.org/10.46505/I]B1.2020.2205.

Domjnguez J., Edwards CA. and Webster M.
(2000). Vermicomposting of sewage sludge:
effect of bulking materials on the growth and
reproduction of the earthworm. Pedobiologia.
44: 24-32. https://doi.org/10.1078/S0031-
4056(04)70025-6.

Edwards C.A. and Bohlen PJ. (1996). Biology
and Ecology of Earthworms. 3™ Edition.
Chapman and Hall, London.

Fayolle L., Mitchell H., Cluzeau D. and
Stawiec J. (1997). Influence of temperature
and food source on the life cycle of the
earthworm Dendrobaena veneta
(Oligochaeta). Soil. Biol. Biochem. 29:747-
750. https://doi.org/10.1016/S0038-
0717(96)00023-5.

Garg P, Gupta A. and Satya S. (2006).
Vermicomposting of different types of waste
using Eisenia foetida: A comparative study.
Biores. Technol. 97: 391-395. https://doi.org/
10.1016/].BIORTECH.2005.03.009.

Garg VK., Chand S., Chillar A. and Yadav A.
(2005). Growth and reproduction of Eisenia
fetida in animal wastes. Appl Ecol Environ
Res. 3(2):51-59.

Gergs A., Rakel K., Bussen D., Capowiez Y.,
Ernst G. and Roeben V. (2022). Integrating
earthworm movement and life history
through dynamic energy budgets.
Conservation Physiology. 10(1): coac042.
10.1093/conphys/coac042.

Gunadi B., Edwards C.A. and Arancon Q.
(2002). Changes in trophic structure of soil


https://doi.org/10.1007/s00374-004-0821-8
https://doi.org/10.1007/s00374-004-0821-8
https://doi.org/10.1007/s00374-004-0821-8
https://doi.org/10.46505/IJBI.2020.2205
https://doi.org/10.1078/S0031-4056(04)70025-6
https://doi.org/10.1078/S0031-4056(04)70025-6
https://doi.org/10.1016/S0038-0717(96)00023-5
https://doi.org/10.1016/S0038-0717(96)00023-5
https://doi.org/10.1016/J.BIORTECH.2005.03.009
https://doi.org/10.1016/J.BIORTECH.2005.03.009
https://doi.org/10.1016/J.BIORTECH.2005.03.009
https://doi.org/10.1016/J.BEJ.2004.05.001
https://doi.org/10.1016/J.BEJ.2004.05.001
https://doi.org/10.1016/J.BEJ.2004.05.001
https://doi.org/10.2134/jeq2001.2141
https://doi.org/10.2134/jeq2001.2141
https://doi.org/10.2134/jeq2001.2141
https://doi.org/10.2134/jeq2001.2141
https://doi.org/10.5958/2349-2988.2015.00004.2
https://doi.org/10.5958/2349-2988.2015.00004.2
https://doi.org/10.5958/2349-2988.2015.00004.2

Effect of kitchen wastes and animal dung on.....

Nazia Siddiqui and Keshav Singh, IJBI 5 (1): 2023 // 89

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

arthropods after the application of
vermicomposts. European Journal of Soil
Biology. 381: 61-165. 10.1016/S1164-
5563(02)01139-1.

Gupta PK. (2008). Vermicomposting for
sustainable agriculture, Agrobios (India),
Jodhpur.

Haug R.T. (1993). The Practical Handbook of
Compost Engineering, Lewis, CRC Press,
Boca Raton, Fla, USA, 2" edition.
https://doi.org/10.1201/9780203736234.

Hobson A.M., Fedrickson J. and Dise N.B.
(2005). CH, and NO, from mechanically turned
windrow and vermicomposting systems
following in-vessel pre-treatment. Waste
Management. 25(4):345-352. https://doi.org/

10.1016/j.wasman.2005.02.015.

Kale R.D., Bano K. And Krishnamoorthy R.V.
(1982). Potential of Perinoyx excavates for
utilization of organic wastes. Pedobiologia.
23:419-425.

Kale R.D. (1998). 'Earthworms: Nature's Gift
for Utilization of Organic Wastes,' In: C. A.
Edward, Ed., Earthworm Ecology, St. Lucie
Press, N.Y.

Khaleel R., Reddy K.R. and Overcash M.R.
(1981). Changes in soil physical properties
due to organic waste applications: A review. |
Environ Qual. 10(2): 133-141. 10.2134/
j€q1981.00472425001000020002x.

Loh T.C., Lee Y.C., Liang J.B. and Tan D.
(2005). Vermicomposting of cattle and goat
manures by FEisenia fetida and their growth
and reproduction performance. Bioresource
Technology. 96(1): 111-114. 10.1016/
j.biortech.2003.03.001.

Manyuchi M.M., Mudamburi T., Phiri A.,
Muredzi P. and Kanhukamwe Q.C. (2014).
Impact of vermicompost on peas cultivated
soil. Global Journal of Engineering Science
and Researches. 1(1): 1-3.

Michaelsen W. (1907). Neue Oligochaten Von
Vorder-India, Ceylon, Birma, und den
Andaman Inseln. Johrbuch der
Hamburgischen wissenschaftlichen
Anstalten. 24:143-188.

Ndegwa P.M., Thompson S.A. and Das K.C.
(2000). Effects of stocking density and feeding

29.

30.

31.

32.

33.

34.

35.

36.

rate on vermicomposting of biosolids.
Bioresource Technology. 71(1): 5-12.
10.1016/S0960-8524(99)00055-3.

Padmavathiamma PK., Li L.Y. and Kumari
U.R. (2008). An experimental study of
vermin-biowaste composting for agricultural
soil improvement. Bioresource Technology.
99(6): 1672-1681. 10.1016/ J.BIORTECH.
2007.04.028.

Parr J.F, Hornick S.B. and Papendick R.L
(2002). Transition from conventional
agriculture to natural farming system: The
role of microbial inoculants and biofertilizer.
http://www.infrc.or.jp/knf/PDF%20KNF%20
Conf%20Data/C4-4-120.pdf.

Pattnaik S. and Reddy M.V. (2010). Nutrient
Status of vermicompost of urban green waste
processed by three earthworm species-
Eisenia fetida, Eudrilus eugeniae and Perinoyx
excavatus, Applied and Environmental Soil

Science. 1-13. https://doi.org/ 10.1155/
2010/967526.
Prakash S. and Verma A.K. (2022).

Anthropogenic activities and Biodiversity
threats. International Journal of Biological
Innovations. 4(1): 94-103. https://doi.org/
10.46505/1JB1.2022.4110.

Reinecke A.]., Viljoen S.A. and Saayman R.].
(1992). The suitability of Eudrilus eugeniae,
Perionyx excavatus and Eisenia fetida
(Oligochaeta) for vermicomposting in
Southern Africa in terms of their temperature
requirements- Soil Biol. Biochem. 24:1295-
1307.1016/0038-0717(92)90109-B.

Sadia M.A., Hossain M.A., Islam M.R., Akter
T. and Shaha D.C. (2020). Growth and
reproduction performances of earthworm
(Perionyx excavates) fed with different
organic waste materials. Journal of Advanced
Veterinary and Animal Research. 7(2): 331-
337. http://doi.org/10.5455/javar.2020.g426.

Shrimal S. and Khwairakpam M. (2010).
Effect of C/N ratio on vermicomposting of
vegetable waste. Dynamic Soil, Dynamic
Plant. 1:123-126.

Siddique]J.,Khan A.A., Hussain I. and Akhter
S. (2005). Growth and reproduction of



https://doi.org/10.1155/2010/967526
https://doi.org/10.1155/2010/967526
https://doi.org/10.1155/2010/967526
https://doi.org/10.1155/2010/967526
https://doi.org/10.46505/IJBI.2022.4110
https://doi.org/10.46505/IJBI.2022.4110
https://doi.org/10.46505/IJBI.2022.4110
https://doi.org/10.1201/9780203736234
https://doi.org/10.1016/j.wasman.2005.02.015
https://doi.org/10.1016/j.wasman.2005.02.015
https://doi.org/10.1016/j.wasman.2005.02.015

90 // Effect of kitchen wastes and animal dung on.....

Nazia Siddiqui and Keshav Singh, IJBI 5 (1): 2023

37.

38.

39.

40.

41.

42.

43.

44.

earthworm (FEisenia fetida) in different
organic media. Pakistan J. Zool. 37(3): 211-
214.

Singh J., Kaur A., Vig A.P. and Rup PJ. (2010).
Role of Eisenia fetida in rapid recycling of
nutrients from bio sludge of beverage
industry. Exotoxicol. Environ. Saf. 73: 430-
435.10.1016/j.econev.2009.08.019.

Singh J., Singh A. and Vig A.P. (2015).
Occurrence of Metaphire houlleti (Perrier,
1872) and Eutyphoeus waltoni (Michaelsen,
1907) (Annelida:Oligochaeta) from Amritsar,
India. U.PJ. Zool. 35(3):201-206.

Singh K. (2020). Effect of different
combination of feed materials on the growth
and development of Eutyphoeus waltoni. J.

Adv. Zool. 41(1&2): 32-36. 10.17762/
jaz.v41i01.17.
Singh K. and Fatima N. (2022a). The

Efficiency of Earthworms as a Biomarker for
Environmental Pollution. International
Journal of Biological Innovations. 4(1): 104-
112. https://doi.org/10.46505/1]B1.2022.4111.

Singh K. and Fatima N. (2022b).
Vermifiltration as a viable and sustainable
wastewater treatment process: A Novel
Biofilter Technology. International Journal of
Biological Innovations. 4(1): 213-220.
https://doi.org/10.46505/I]B1.2022.4123.

Singh K. and Kumar Y. (2014). Earthworm
diversity and ecology. Gene-Tech Books New
Delhi.

Singh S., Sharma A., Khajuria K., Singh J.
and Vig A.P. (2020). Soil properties changes
earthworm diversity indices in different agro-
ecosystem. BMC ecology. 20(1): 1-14.
https://doi.org/10.1186/s12898-020-00296-5.

Singh V. and Singh K. (2015). Toxic effect
of herbicide 2, 4-D on the earthworm
Eutyphoeus waltoni Michaelsen. Environ.
Process. 2:251-260. https://doi.org/
10.1007/s40710-015-0057-7.

45.

46.

47.

48.

49.

51.

52.

Suthar S. (2007a). Nutrient changes and
biodynamics of epigeic earthworm Perionyx
excavatus (Perrier) during recycling of some
agriculture wastes. Biores. Technol. 98: 1608-
1614.10.1016/j.biortech.2006.06.001.

Suthar S. (2007b). Influence of different food
sources on growth and reproduction
performance of composting epigeics: Eudrilus
eugeniae, Perionyx excavatus and Perionyx
sansibaricus. Appl. Ecol. Environ. Res. 5(2):
79-92.10.15666/aeer/0502_079092.

Suthar S. and Singh S. (2008). Feasibility of
vermicomposting in biostabilization of
sludge from a distillery industry. Sci. Total
Environ. 394: 237-243. 10.1016/ j.scitotenv.
2008.02.005.

Suthar S., Watts J., Sandhu M., Rana S.,
Kanwal A., Gupta D. and Meena M.S. (2005).
Vermicomposting of kitchen waste by using
Eisenia foetida (SAVIGNY). Asian J.
Microbiol. Biotech. Envron. Sci. 7:541-544.

Verma A.K. and Prakash S. (2020a). E-wastes
and their impact on environment and public
health. International Journal of Applied
Research. 6(9): 164-168.

. Verma A.K. and Prakash S. (2020b). Status of

Animal Phyla in different Kingdom Systems
of Biological Classification. International
Journal of Biological Innovations. 2 (2): 149-
154. https://doi.org/10.46505/1JB1.2020.2211.

Yadav A. and Garg V.K. (2010). Bioconversion
of food industry sludge into value-added
product (vermicompost) using epigeic
earthworm Eisenia fetida. World Revi. Sci.
Technol. Sust. Dev. 7(3):225-238.
10.1504/WRSTSD.2010.032526.

Yadav A. and Garg V.K. (2011). Industrial
wastes and sludges management by
vermicomposting. Rev. Environ. Sci.
Biotechnol. 10:243-276. https://doi.org/
10.1007/s11157-011-9242-y.


https://doi.org/
https://doi.org/10.46505/IJBI.2022.4111
https://doi.org/10.46505/IJBI.2022.4123
https://doi.org/10.1186/s12898-020-00296-5
https://doi.org/10.1007/s40710-015-0057-7
https://doi.org/10.1007/s40710-015-0057-7
https://doi.org/10.1007/s40710-015-0057-7

	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90

