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ABSTRACT: Earthworms perform wonderful job to maintain nutrient balance in the soil by
recycling of organic waste. Earthworms have been used in the degradation of various types
of wastes from prehistoric times. This study examines the potential of the African night
crawler, Eudrilus eugeniae in the vermicomposting of waste paper. The effect of some
additives on the process of vermicomposting was also observed. A mixture of waste paper
and cow dung in the ratio of 1:1 was found to be the best for the growth and survival of
Eudrilus eugeniae. Trichoderma treated media was the most preferential medium (35%)
followed by Vermiwash (28%) and Jaggery + Buttermilk (21%) and control (16%). An
increase was noticed in various parameters like percent number, weight, percent population
growth and biomass production of earthworms.
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A significant amount of paper waste is produced in day-to-day life,
particularly in offices, business concerns, packaging industries and homes.
Shredded paper is used for packaging and transport of fruits, vegetables, foods,
breakable items etc. For confidential reasons, the paper waste is not sold in the
market and usually torn into pieces and burnt. The paper and card board waste
from market yard is also not sorted out for recycling. A huge amount of such
waste along with other waste are disposed off by dumping, land-filling and
burning. The paper and paper based wastes are rich in cellulose (carbon) and
poor in nitrogen content. They have much higher C/N ratio. Shredded paper has
low bulk density permitting enough aeration, but water soaked stuff becomes too
dense and does not allow free aeration. The aerobic bacteria are unable to utilize
complex cellulose of paper waste. Thus vermicomposting of paper waste is not an
easy task. No sincere attempts have been made to recycle the paper waste so that
pollution caused by its disposal be prevented and useful end product can be
generated. Earthworms are important Vermiresources having simple, cylindrical,
coelomate and segmented body characterized by presence of setae.Many organic
by-products of agricultural production and processing industries are currently
seen as .waste' and thus become potential environmental hazards. A portion of
this waste is currently reused, recycled or reprocessed. However, a majority of it is
disposed off in Landfills (anaerobic composting), which is a matter of concern due
to many factors including cost and environmental issue. During recent years,
applied use of earthworms in the breakdown of a wide range of organic residues,
including sewage sludge, animal wastes, crop residues, and industrial refuse to
produce vermicompost, has been recommended (Mitchell et al., 1980; Reinecke &
Venter, 1987; Edwards & Neuhauser, 1988; Hartenstein & Bisesi, 1988; Van
Gestel et al., 1992; Dominguez & Edwards, 1997; Edwards, 1998; Kale, 1998; Garg
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et al., 2006). Vermicompost is rich in microbial populations and diversity
particularly fungi, bacteria and actinomycetes (Edwards, 1998). The importance
of the earthworms in waste management, environmental conservation, organic
farming and sustainable agriculture has been highlighted by several workers
(Edwards & Neuhauser, 1988; Senapati, 1992; Mitchell, 1997; Ismail, 1997;
Eijasackers, 1998; Talashikar & Powar, 1998; Tripathi, 2003). It has been
observed that although paper sludge is a good source of organic carbon, this
sludge cannot be applied directly to fields as it is deficient in other nutrients (Kaur
et al., 2010). It is reported that paper sludge can be used as a good bulking agent
or good source of carbon in composting (Suriyanayanam et al., 2010). It was
reported that paper waste can be managed by earthworms (Sinha et al., 2008).
MATERIALS AND METHODS
The fresh cattle dung was procured from nearby buffalo dairy farm. The
moisture content of the medium was maintained at about 50%-60% and the paper
waste (A4 size sheets) was procured from office and research laboratories of the
Department and they were converted into small pieces using paper shredder
machine. Earthworms were procured from vermicomposting center, charak
Udhyan, Jiwaji University, Gwalior (India). For the present study, vermi-beds
were made using ten days (10 days) old cattle dung for mass culture of Eudrilus
eugeniae. The culture was constantly monitored throughout the period of study
with time by time spraying of water. Mature worms for experimental purpose
were taken from this stock culture. During preliminary studies, preference of
earthworms towards cultured media was determined. A free choice experiment
was conducted in ceramic tanks of 55x40x15 cm measurement (Fig. 1). This tank
was divided into four equal size chambers with the help of thermocole sheets
provided with some holes so that earthworms can pass through from one chamber
to another, according to their preferential habits. In the first chamber, mixture of
dung and shredded paper was filled, which was pre-decomposed by using water.
Dung and shredded paper was filled in chamber B, which was pre-decomposed by
sprinkling with a solution containing of Butter milk and Jaggery (450 ml + 250
gm in 5 litre of water). In the chamber (C), mixture of dung and shredded paper
was filled which was pre-decomposed by adding vermiwash and in the chamber
(D), mixture of dung and shredded paper was filled, which was pre-decomposed
with a solution containing 5 gm of Trichoderma harzianum in five litres of water.
The quantity of the medium in all the four chambers was kept constant (3 kgs.).
100 adult earthworms were released and the whole assembly was covered by
garden mesh net. Free choice experiment was repeated three times and the results
were recorded after 15 days by counting the number of earthworms.
Detailed composting experiments were carried out (in triplicates) using
different additives as enhancers in plastic containers of 45 x 30 x 10 cm (Fig. 2)
dimensions in all the experiments except the first one which was kept control. A
mixture of waste paper and dung in the ratio of 1 : 1 treated with different
additives i.e. Trichoderma herzianum, Vermiwash and Buttermilk + Jaggery used
during the pre-decomposition period of 15 days. These additives enhance the
process of decomposition of waste.
After 15 days, 25 mature weighed earthworms were taken from the stock
culture and were uniformly released in all the containers. The culture containers
were covered by mesh garden cloth for a period of 60 days. After 60 days, the
contents of the culture containers were emptied on a white plastic sheet. It was
then sieved to separate the vermicompost and earthworms. The cocoons and
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juveniles were also separated for experimental observation. Degree of composting
was obtained by weighing the vermicompost. Also percent increase in number,
weight, population growth and biomass production were calculated. In order to
determine the overall efficiency, pecentile scoring was calculated for all the
media. This was obtained by adding all the parameters. The medium giving
maximum value was taken equivalent to 100 percent. The percent scores of other
substrates was calculated. The percent scores of different media followed the
sequence. Finally prepared vermicompost was analyzed for the following
parameters: pH, Electrical conductivity, Total Nitrogen, Phosphorous and
Potassium.
RESULTS
Results obtained during free choice experiment were depicted in figure 3. The
maximum number (35%) of earthworm’s prefered the medium that was treated
with Trichoderma for their settlement. Vermiwash treated medium was next with
28% preference. Next choice was shown for Jaggery and Buttermilk (21%). Least
preference was shown for control (17%). Results obtained in main composting
experiment revealed that a significant increase in number and weight of adult
worms, number of cocoons and juveniles and a good amount of good quality
compost was obtained during the 60 day period experiment time.
Numbar & weight of adult worms: A percent increase was observed in the
number & weight of worms (Fig. 4) in media treated with different additives.
Maximum increase was in number was noticed in Trichoderma treated media
(101%) followed by Vermiwash (84%), Jaggery + Buttermilk (72%) and least
increase was shown by control containers (61%), table 1. The trend of biomass
(weight) was more or less similar to that of biomass (number). Maximum increase
in biomass (weight) was recorded in containers treated with trichoderma (142%).
This was followed by Jaggery + Buttermilk treated medium (117%), Vermiwash
(108%) whereas minimum increase was shown by Control (90%) (Table 2).
Worm population: Percent population growth was also recorded in all the
treated and control media. Maximum increase was shown by containers
containing Trichoderma (937%), followed by Vermiwash (813%), and Jaggery +
Buttermilk (746%). The minimum population growth was shown by control
(680%) (Fig. 5).
Biomass production: Maximum biomass production was recorded in
Trichoderma treated medium (182%) followed by Jaggery + Buttermilk (150%)
and Vermiwash (140%). The minimum increase in percent biomass production
was recorded in control containers (120%) (Fig. 5).
Degree of composting: Maximum degree of composting was observed in
Trichoderma treated medium (59%), followed by vermiwash treated medium
(50%), and Jaggery+ Buttermilk treated medium (45%). Lowest degree of
composting was observed in control (42%) (Fig. 6).
Results obtained for percentile scoring are depicted in figure 7. The trend of
percentile
scorings was as follows: Trichoderma > vermiwash > Jaggery +
Buttermilk > Control.
Physico-chemical analysis: The results of physico-chemical analysis of the
vermicompost obtained from differentially treated substrates and control are
given in table 3. The pH (7.6) was observed maximum in vermiwash treated
media followed by Trichoderma (7.5) and Jaggery + Buttermilk (7.5), while least
value for pH was recorded in control (7.3). The Elecrical conductivity values
obtained for the compost obtained from various treatments were 0.36 in
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vermiwash, 0.50 in trichoderma, 0.70 in Jaggery+Buttermilk and 0.85 in control.
With regard to percent Nitrogen in compost obtained from different treatments,
the values were 0.50%, 0.43%, 0.41% and 0.36% in Trichoderma, Vermiwash,
Jaggery +Buttermilk and Control. Phosphorous and potassium content in the
various treatments was also analyzed. The maximum phosphorous content was
observed in Trichoderma (1.41%) followed by Vermiwash (1.30%), Jaggery +
Buttermilk (1.28%) and Control (1.18%). The potassium content was also
maximum in Trichoderma treated compost (0.34%). Vermiwash treated compost
was having (0.30%) potassium content. Minimum potassium content was
observed in Control group (0.19%) in which no any additive was added.
DISCUSSION
Results obtained for number, weight & biomass production are more or less
similar to the findings of Kale et al. (1986) and Nagavallemma et al. (2004) who
reported increase in number & weight of earthworms on the basis of quality and
quantity of available food. The results obtained for vermicomposting
performanance were more or less similar to Pramanik & Chung (2011); Rasal et al.
(1988); Buswell & Chang (1994); Milala et al. (2009) and Parray (2012), who
reported that the composting can be enhanced by adding different additives like
spirulina, vermiwash, sugarcane and Trichoderma. Also the time of
predecompostion was reduced by adding different additives. The results were in
agreement to the studies of Kumar et al. (2010) who demonstrated that overall
time required for composting can be reduced to 20 days by adding different
additives.
It can be concluded that vermicomposting is a feasible technology for the
conversion of carbon rich waste paper after mixing with cow dung slurry and predigestion with different additives into a valuable product i.e. vermicompost.
ACKNOWLEDGEMENT
Authors are highly thankful to School of Stuies in Zoology, Jiwaji University,
Gwalior to provide facilities to carry out this research work.
LITERATURE CITED
Buswell, J. A. & Chang, S. T. 1994. Biomass and extracellular hydrolytic enzyme production of six
mushroom species grown on soyabean waste. Biotechnology Letters, 16: 1317-1322.
Dominguez, J. & Edward, C. A. 1997. Effect of stocking rate and moisture content on the growth and
maturation of Eisenia andrei (Oligochaeta) in pig manure. Soil Biology & Biochemistry, 29: 743-746.
Edwards, C. A. 1998. The use of earthworms in the breakdown and management of organic wastes.In:
Edwards, C.A. (Ed.), Earthworm Ecology. Lewis, Boca Raton. pp. 327-354.
Edwards, C. A. & Neuhauser, E. F. 1988. Earthworms in Waste and Environmental Management,
SPB Acad. Publ., The Hague, The Netherlands.
Eijasackers, H. 1998. Earthworms in environment research :Still a promising tool. In: Earthworm
Ecology (C. A. Edwards, ed.) CRC Press, The Netherlands. pp. 295-323.
Garg, V. K., Gupta, R. & Yadav, A. 2006. Vermicomposting technology for solid waste management.
Environmental-expert (on line magazine) Article available at the below given link:
http://www.Environmentalexpart.com/resulteacharticle4.asp?codi= 9047.
Hartenstein, R. & Bisesi, M. S. 1988. Use of earthworm biotechnology for the management of
effluents from intensively housed livestock. Outlook on Agriculture, 18: 72-76.

730

_____________Mun. Ent. Zool. Vol. 8, No. 2, June 2013__________

Ismail, S. A. 1997. Vermicolgy ‘Biology of earthworms’ Orient Longman Limited, Chennai, India. ISBN
81-250-10106.
Kale, R. D. 1998. Earthworm: Natures gift for utilization of organic wastes. In: C. A. Edwards (ed.)
Earthworm Ecology. CRC Press LLC, Florida. 355-376.
Kale, R. D., Vinayaka, K. & Bagyaraj, D. J. 1986. Sustainability of neem cake as a additive in
earthworm feed and its influence on the estabilishment of microflora. Journal of soil biology & ecology,
6: 98-103.
Kaur, A., Singh, J., Vig, A. P., Dhaliwal, S. S. & Rup, P.J. 2010. Composting with and without
Eisenia fetida for conversion of toxic paper mill sludge into soilconditioner. Bioresource Technology, 101:
8192–8198.
Kumar, R., Verma, D., Singh, L., Kumar, U. & Shweta, 2010. Composting of sugarcane waste by
products through treatment with microorganisms and subsequent vermicomposting. Bioresource
Technology, 101: 6707-6711.
Milala, M. A., Shehu.B. B., Zanna, H. & Omosioda, V. O. 2009. Degradation of agro-waste by
cellulose from Aspergillus candidus. Asian Journal of Biotechnology, 1: 51-56.
Mitchell, A. 1997. Production of Eisenia fetida and vermicompost from feed-lot cattle manure.
Soil Biology & Biochemistry, 29: 763-766.
Mitchell, M. J., Hornor, S. G. & Abrams, B. I. 1980. Decomposition of sewage sludge in drying
beds and the potential role of the earthworm, Eisenia foetida. Journal of environmental quality, 9: 373378.
Nagavallemma, K. P., Wani, S. P., Stephane, L., Padmaja, V. V., Vineela, C., Babu Rao, M.
& Sahrawat, K. L. 2004. Vermicomposting: Recycling wastes into valuable organic fertilizer. Global
Theme on Agrecosystems Report no. 8. Patancheru 502 324, Andhra Pradesh, India: International Crops
Research Institute for the Semi-Arid Tropics. 20 pp.
Parray, M. A. 2012. Stimulatory influence of some additives on vermicomposting. M. Phil. Dissertation.
Jiwaji University, Gwalior, Madhya Pradesh, India.
Pramanik, P & Chung, R. Y. 2011. Changes in fungal population of fly ash and vinasse mixture during
vermicomposting by Eudrilus eugeniae and Eisenia fetida: Documentation of cellulase isozymes in
vermicompost. Waste Management, 31 (6): 1169-1175.
Rasal, P. H., Kalbhor, H. B., Shingte, V. V. & Patil, P. L. 1988. Development of Technology for
Rapid Composting and Enrichment. In: Biofertilizers: Potentialities Problems, Sen, S.P. and P. Palit
(Eds.). Plant Physiology Forum and Naya Prakash, Calcutta, India, 255-258.
Reinecke, A. J. & Venter, J. M. 1987. Moisture preferences, growth and reproduction of the compost
worm Eisenia foetida (Oligochaeta). Biology and Fertility of Soils, 3: 135-141.
Senapati, B. K. 1992. Vermibiotechnology: An option for recycling of cellulosic waste in india. In: New
trends in Biotechnology. (Eds. Subba Rao, M. S., Balgopalan, C. and Ramakrishnan, S. V.). Oxford and
IBH publishing Co. Pvt. Ltd. pp. 347-358.
Sinha, R. K., Nair, J., Bharambe, G., Patil, S. & Bapat, P. S. 2008. “Vermiculture Revolution: A
Low-cost and Sustainable Technology for Management of Municipal and Industrial Organic Wastes
(Solid and Liquid) by earthworms with significantly low greenhouse gas emissions”. In J. I. Daven and R.
N. Klein, Eds. Progress in Waste Management Research, NOVA Science Publishers, Hauppauge, 159227.
Suriyanarayanan, S., Mailappa, A, S., Jayakumar, D., Nanthakumar, K., Karthikeyan, K.
& Balasubramania, S. 2010. Studies on the Characterization and Possibilities of Reutilization of Solid
Wastes from a Waste Paper Based Paper Industry. Global Journal of Environmental Research, 4 (1): 1822.
Talashikar, S. C. & Powar, A. G. 1998. Vermibiotechnology for eco-friendly disposal of
wastes.Ecotechnology for pollution control and environment management. Indian Journal of
Environment & Ecoplanning, 7 (3): 535-538.
Tripathi, G. 2003. Vermiresource technology. Discovery Publishing House, New Delhi. India.

_____________Mun. Ent. Zool. Vol. 8, No. 2, June 2013__________

731

Van Gestel, C. A. M., Ven-van Breemen, E. M. & Baerselman, R. 1992. Influence of
environmental conditions on the growth and reproduction of the earthworm Eisenia andrei in an
artificial soil substrate. Pedobiologia, 36: 109-120.

Table 1. Showing number of adults, cocoons and juveniles in substrate treated with different
additives.

Sr.
No.
1
2
3
4

Treatments

Initia
l No

Trichoderma
Vermiwash
J+BM
Control

25
25
25
25

Final
number
of
adults
50.33±1.45
46.00±1.00
43.00±1.15
40.33±0.88

Number
of
juveniles
& baby
worms
119.00±1.52
102.00±2.08
92.33±1.75
83.33±1.20

Numbe
r of
cocoons
90.00±1.15
80.33±2.02
76.33±1.76
71.66±1.45

Table 2. Showing weight of adults, cocoons and juveniles in substrate treated with different
additives.
Sr.
No.
1
2
3
4

Treatments
Trichoderma
Vermiwash
J+BM
Control

Initial
weight of
adults
33.66±0.88
35.66±0.88
34.33±1.15
34.66±0.88

Final
weight of
adults
81.66±1.17
74.33±0.87
65.66±0.88
63.00±1.15

Weight
of
cocoons
1.27±0.02
1.09±0.04
1.04±0.02
0.98±0.01

Weight of
juveniles
12.05±0.04
10.27±0.03
9.32±0.05
8.36±0.02

Table 3. Showing the reults of physico-chemical parameters of differentially
treated vermicompost.
Sr.
No.
1
2
3
4

Treatment

pH

Trichoderma
Vermiwash
J+BM
Control

7.5
7.6
7.5
7.3

EC
(dS/m)
0.36
0.50
0.70
0.85

N (%)

P (%)

K (%)

0.50
0.43
0.42
0.36

1.41
1.30
1.28
1.18

0.34
0.30
0.29
0.22

Figure 1. Showing container used in free choice experiment.
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Figure 2. Showing containers used for composting experiments.

Figure 3. Showing the relative preference of earthworms during free choice experiment.

Figure 4. Showing percent increase in adult number and weight in media treated with
different additives.
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Figure 5. Showing percent increase in population growth and biomass production in media
treated with different additives.

Figure 6. Showing degree of composting in differentially treated media.

Figure 7. Showing the net percentile score differentially treated media.

