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ABSTRACT

To overcome the hazardous problems due to the generation of municipal solid
wastes, its management for agriculture purposes is a promising approach. It can
be used to improve soil fertility and also as a source of organic amendment to
reclaim the salt-affected soils. The present study was conducted to develop on-
farm municipal solid wastes compost through the combined use of municipal
solid waste and agricultural waste. To standardize the on-farm composting
protocol, seven treatment combinations with two decomposing agents like
earthworms and microbes were used and monitored for the physical, biochemical,
and microbial changes during the composting process till maturity. The composting
process was completed in all treatments at 120 days. During the composting
period, temperature under different treatments varied between 24 to 27 °C and
moisture content ranged between 43.88 to 69.32%. After 120 days of composting,
the pH of the composting material increased slightly from 6.97 to 7.48 while
electrical conductivity increased over the 30 days of composting. Total nitrogen,
total phosphorus, total potassium, and calcium contents were also higher at the
maturity of the compost whereas, the total carbon, C: N, C: P, and C: K ratios
lowered with an increase in the composting period. The lowest C: N ratio (17.13)
and highest microbial population were recorded in treatment T7, where 50%
municipal solid waste + 50% agricultural wastes were mixed and enriched with
earthworm (Eisenia fetida) and degrading microbes. With the standardization of
this on-farm composting protocol, the physico-chemical and microbial properties
of municipal solid waste can be changed and converted into quality compost
within 120 days to improve soil fertility and productivity.
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INTRODUCTION

About 1.3 billion tons of municipal solid waste
(MSW) is generated per year in the world as
byproducts of industrial, mining, municipal,
agricultural, and other processes and is expected to
rise by about 2.2 billion tons per year by 2025. The
data represent a substantial increase in per capita
waste generation rates, from 1.2 to 1.4 kg day-1 per
person in the coming fifteen years (Hoornweg and
Bhada-Tata, 2012). According to the report of the
Central Pollution Control Board (CPCB), India

produces 12.74 million tons of MSW per day (CPCB,
2012). It is increasing with a growing population,
changing lifestyles, migration of people from rural
areas to cities, and rapidly growing tourism
generating an enormous quantity of MSW every
day. The amount of MSW generated per capita is
estimated to increase at a rate of 1–1.33% annually
(Pappu et al., 2007; Shekdar, 1999; Bhide and
Shekdar, 1998). In India, it is generally produced
from household kitchens, commercial complexes,
industries, and agriculture. Rapid industrialization
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and urbanization are increasing the amount of MSW
day by day. Municipal Bodies/ Urban Local Bodies
(ULB) in various cities collect the MSW, transport it
to the dump yards, and dispose of in open-ground
dumping or non-sanitary landfills. These landfill sites
are an environmental hazard – emanating methane
causing the greenhouse effect, smell and dirt causing
health problems, and leachate contaminating the
groundwater, etc. Various studies have reported that
the MSW generation rates in small towns are lower
than those of metro cities and the per capita
generation rate of MSW in India ranges from 0.2 to
0.5 kg day-1 (Siddiqui et al., 2006; Sharholy et al.,
2005; CPCB, 2004; Kansal, 2002; Singh and Singh,
1998; Kansal et al. 1998; Bhide and Shekdar, 1998;
Dayal, 1994; Khan, 1994). The per capita generation
rate in some states like Gujarat, Delhi, and Tamil
Nadu and cities like Chennai, Kanpur, Lucknow,
and Ahmadabad is very high. This may be due to the
high living standards, rapid economic growth, and
the high level of urbanization.

Uttar Pradesh, one of the largest states in India
produces about 5515 tons of MSW per day (CPCB,
2012), and facing one of the major challenge to
manage municipal solid waste management is one
of the major challenges faced by the state
government, particularly in urban areas. The
government of Uttar Pradesh has initiated an
integrated municipal solid waste management
project for composting of MSW and its utilization
for agricultural practices. MSW compost, with high
organic matter content and low concentration of
inorganic and organic pollutants, allows an
improvement of physical, chemical, biochemical,
and microbial characteristics and constitutes low-
cost soil recovery (Walter et al., 2006). Furthermore,
municipal solid waste compost (MSWC) represents
a source of nutrients that can improve soil fertility
and may contribute to restoring the productivity of
salt-affected soils (Lakhdar et al., 2008). Most of the
studies on the use of municipal solid waste compost
(MSWC) are confined to enhancing soil productivity
in agricultural lands and rebuilding fertility (Hanay
et al., 2004). The industrially processed municipal
solid waste compost available in the market is very
costly (about US$ 150/ton) and beyond the reach of
resource-poor small and marginal farmers. On-farm
composting of MSW is an attractive proposition for
turning organic waste materials into a farm resource.
However, farmers are unable to make the best use of
the composting opportunities available to them. This

is because they face various constraints; among them
are the availability of low-cost on-farm composting
technology and lack of awareness. Therefore, it is of
utmost importance to standardize the method for
on-farm composting for the production of cost-
effective organic manure.

Therefore, the present study was conducted to
standardize the protocol for on-farm composting and
monitoring the physico-chemical and microbial
changes during the composting process to get
aesthetically acceptable, safer from health points and
useful compost for improving soil health and crop
productivity and many other important practical
applications like soil amendments and beneficial to
the growth of the plants (Wilson et al., 1980).

MATERIALS AND METHODS

Sample collection and processing

The MSW samples were collected in polythene
bags from ten dumping sites of Lucknow city viz.
Dubagga, Pulton Chawni, Aliganj, Telibagh - 1 and
2, Rashmi Khand, Nahar Chauraha, Buddheswar
Chauraha, Aishbagh, and Buddha Park and labeled
properly. To analyze physical properties, degradable
and non-degradable materials were separated from
each sample and weighed. The degradable materials
received from each sample were mixed to make a
composite representative sample, dried at room
temperature, and ground to pass through a 0.2 mm
sieve for its chemical analysis.

The on-farm composting study was conducted
under aerobic conditions at the Research Farm of
ICAR-Central Soil Salinity Research Institute,
Regional Research Station, Lucknow, India, from
October 2014 to January 2015 and monitored for
physico-chemical and microbial changes occurred
during the composting. MSW collected from
Municipal Corporation, Lucknow was segregated
into degradable and non-degradable components.
The degradable material alone or in combination
with agricultural wastes was enriched with
earthworm and microbial treatments. The chopped
agricultural wastes of mustard straw, paddy straw,
and leaf litter of Casuarina and Pongamia were used
as composting material. Before mixing with
degradable MSW and agriculture wastes these were
analyzed for their chemical composition. For rapid
decomposition, three efficient degrading microbial
cultures such as strains of Aspergillus niger,
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Trichoderma spp. and Bacillus spp. and earthworm
(Eisenia fetida) were used with seven treatments
consisted of T1: 100% MSW, T2: 100% MSW +
microbes, T3: 50% MSW + 50% agricultural wastes
+ microbes, T4: 100% MSW + earthworms, T5: 50%
MSW + 50% agricultural wastes + earthworms, T6:
100% MSW + earth worms + microbes, T7: 50%
MSW + 50% agricultural wastes + earth worms +
microbes. Composting material was filled in 12 feet
long, 4 feet wide, and 4 feet high vermi beds. A
uniform quantity of water was applied at alternate
days in each bed and the moisture content was
monitored at regular intervals. The composting
material was turned at every 15-day interval.

Sampling procedure

During composting, samples were collected from
three places in each treatment bed at 30 days interval,
and mixed as a composite sample. Part of the sample
was kept in refrigerator at 4°C temperature for
microbial study and the remaining sample was dried,
grounded, and sieved through 0.2 mm sieve for
chemical analysis.

Analytical methods

Physical analysis

Temperature from each treatment was recorded
daily at 11:00 AM with a 60 cm long metal probe
thermometer (Poinceter and Day, 1973) fixed in
each bed. To monitor the changes in moisture
content, samples were collected from 3 places in
each bed at 30 cm depth, mixed and made a
composite sample, and analyzed moisture content
gravimetrically on a fresh weight basis.

Chemical analysis

To maintain changes in pH and electrical
conductivity (EC), sample analysis was done in a
1:5 (waste: water) ratio using a digital pH meter
(Systronics µ pH System 361) and EC meter
(Systronics, Conductivity TDS meter 308). Total
nitrogen was estimated by the Micro Kjeldahl
distillation apparatus. Total carbon was analyzed by
LOI method using a muffle furnace. Potassium and
phosphorous content was estimated by digestion
with diacid and the total potassium by flame
photometrically and total phosphorus by ammonium
molybdate-Meta vandate yellow color complex
(Jackson, 1973).

Microbial analysis

To analyze the microbial changes during
composting, isolation on differential media such as
nutrient agar for the bacterial population and potato
dextrose agar for the fungal population was used.
The serial dilution of 10-3 and 10-4 of the compost
samples was prepared to isolate the microbes from
the compost samples using the spread plate
technique. Spread 1µl sample of both dilutions on
different mediums and incubated at 30°C for 48
hours. After incubation, the viable colonies were
counted using colony counters (Buchanan and
Gibbons, 1974; Dubey and Maheshwari, 2006).

RESULTS AND DISCUSSION

Physico-chemical properties of MSW

Data given in Fig. 1 revealed that the MSW
constitutes 37.5% of degradable and 62.5% of non-
degradable materials. The degradable material
contains 5% paper/cardboard, 31% organic matter
including kitchen waste, and 2% wood twigs
whereas, non-degradable material consists mainly
of 36%, stone/pebbles/brick pieces, 15% plastic and
polythene, 6% metal and 5% glass on a weight basis.

Before filling in the beds, the initial properties of
both MSW and agriculture wastes were analyzed
separately using standard procedures. From the
analyzed data, it was observed that the MSW was
near neutral in reaction having a pH of 6.97. Total
carbon content was 28.35%, total nitrogen 0.52%,
and the C: N ratio was 54.86. The agriculture wastes
including Pongamia and Casuarina leaves, mustard,
and paddy straw have a total carbon content of

Fig. 1. Physical properties of municipal solid waste of
Lucknow city
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42.06, 53.88, 52.49, and 39.65%, respectively. The
highest total nitrogen content (2.2%) was recorded
in Pongamia leaves followed by Casuarina leaves
(1.7%), mustard straw (0.56%), and paddy straw
(0.45%). The lowest C: N ratio was recorded in
Pongamia leaves (Table 1). Total P and K content in
MSW was found to be 0.05% and 0.28% respectively,
whereas, it was estimated as 0.36% and 0.64% in
mustard straw in that order which is the highest
value among all the agricultural wastes (Table 1).
The calcium, magnesium, and sulfate contents were
also analyzed in MSW and chopped agriculture
wastes. The highest calcium, magnesium, and sulfate
contents were found in Casuarina leaves (0.51%),
Pongamia leaves (0.32%), and Casuarina leaves
(0.42%) respectively whereas, it was lowest in paddy
straw (0.09%), mustard straw (0.05%) and raw MSW
(0.11%) in that order.

Biophysical and microbial changes during
composting

Composting is a regular decomposition of
organic matter to produce a fine product called

compost. The composting process entails managing
and accelerating the biological and oxygen-
demanding process as a mixture of organic materials
passes through a series of stages that are
characterized by an increase in temperature and
microbial population (Haight and Tayler, 2000).
During the composting process, several changes in
temperature, moisture content, physico-chemical,
and microbial properties have been observed.

Changes in temperature

Temperature is one of the imperative parameters
that play an important role in the composting process
(Khalil et al., 2011). In our study, temperature varies
between 21.6 to 27°C in different treatments
throughout the composting period. The initial
temperature of T1 to T7 was recorded at the start of
composting and the highest temperature (25.2°C)
was observed in treatment T4, whereas the lowest
temperature (22.8°C) was observed in treatment T1.
The lower range of temperature may be due to high
moisture content during the winter season (Fig. 2).
In some of the treatments it increased and in others

Table 1. Initial properties of municipal solid waste and agricultural wastes used for composting

Property Municipal                                 Agricultural waste
solid waste Pongamia leaves Casuarinas leaves Mustard straw Paddy straw

pH (1:2) 6.97 - - - -
Nitrogen (%) 0.52 2.2 1.7 0.56 0.45
Phosphorus (%) 0.05 0.15 0.18 0.36 0.17
Potassium (%) 0.28 0.63 0.42 0.64 0.39
Calcium (%) 0.36 0.46 0.51 0.12 0.09
Magnesium (%) 0.10 0.32 0.30 0.05 0.10
Sulfate (%) 0.11 0.27 0.42 0.17 0.23
Total Carbon (%) 28.35 42.06 53.88 52.49 39.65
C: N 54.86 19.11 31.69 93.73 88.11

Fig. 2. Changes in temperature of different treatments at certain time intervals
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it decreased with different time intervals. In matured
compost, the maximum temperature was recorded
in treatment T7 having both MSW and agricultural
wastes in equal ratio and enriched with earthworm
and microbes. Maximum temperature (27.2°C) was
recorded in treatment T7 followed by T1 (25.3°C),
while minimum in T6 (22°C at maturity (Fig. 2).
There was no significant difference in temperature
between the treatments. Narkhede and coworkers,
(2010) also recognized the same outcome during
composting of municipal solid waste. Another study
also demonstrated that high moisture content and
low amount of composting material mass were the
reasons for low temperature (Hasanimehr et al.,
2011).

Change in moisture content

The moisture content is a very promising
parameter of the composting process and is expressed
as a percentage of fresh weight (Shyamala and
Belagali, 2012). The moisture content of the
composting blend is a chief environmental variable
as it provides a medium for the transportation of
dissolved nutrients necessary for the metabolic and
physiological activities of micro-organisms (Elango
et al., 2009). From the data, it is evident that the
moisture content under different treatments was
unstable throughout the composting process, which
may be due to a change in microbial population
(Narkhede et al., 2010). The moisture content varies
between 33.31 to 44.76% in different treatments at
30 DOC and it followed an increasing trend in all
the treatments at 60 DOC, however, it reduced at 90
DOC in all the treatments. At maturity of compost
(120 DOC) the moisture content was increased in all
the treatments except T6 and T7 where it was

decreased as compared to 90 DOC. The moisture
content ranged between 43.88% to 69.32% under
different treatments at maturity (Fig. 3). Decline in
moisture content percentage during the composting
may be due to increasing temperature and high
evaporation rate (Larney and Blackshow, 2003).

Changes in pH and EC

The pH of waste used for composting was
initially slightly acidic (6.80–6.97) and later it
became slightly alkaline because of ammonia
formation and at the end of composting it dropped
close to neutral. It may be due to humus formation
with its pH buffering ability. Khalil et al. (2011) have
also reported a similar trend. At 30 days of sampling
the pH of different treatments observed in between
7.48 to 8.15. It decreased up to 90 DOC and declined
later at 120 days of sampling ranging between 7.32
to 7.72, which seems neutral in reaction (Fig. 4). It
may be due to the stabilization of organic acids
(Khalil et al., 2011, McKinley and Vestal, 1985). The
most constructive pH range for composting is 6.0–
8.0 because at this pH range microorganisms
exhibited maximum growth and activity. Organic
acids are completely oxidized, stabilizing the pH
value at the end of the composting process (Khalil et
al., 2011). In comparison with the recommended
standard (Bord na Mona, 2003) pH values were
found to be higher than the normal range which
implies that, during the degradation process decrease
in pH can be attributed to the production of CO2

from atoms of organic acids and loss of nitrogen
(Higfenberg, 2009).

Electrical conductivity (EC) is a major factor in
determining the quality of compost as high salt

Fig. 3. Moisture content of different treatments at certain day interval
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concentration can inhibit seed germination (Rawat
et al., 2013). The results indicate that the EC recorded
at the initial days of composting were decreased in
some treatment, whereas in some treatment it was
increased at maturity of compost (Fig. 5). At the end
of composting highest EC was recorded in treatment
T6 where MSW was enriched with both microbes
and earthworms and minimum EC was observed in
the treatment T3. The decline in EC may be because
of the more stable bond between ions and organic
matter throughout composting (Moretti et al., 2015).

Changes in chemical properties

Changes in nutrient contents like total nitrogen,
total phosphorus, total potassium, calcium, and total
carbon during composting were monitored at 30-
day intervals up to 120 DOC. At 30 DOC, the highest
total nitrogen (0.50%) was found in treatments T3

and T5 followed by the treatments T2, T4, T6, T7, and
T1 with 0.47, 0.46, 0.43, 0.42, and 0.40% respectively
(Fig. 6a). At the end of composting (120 DOC) the
highest total nitrogen was estimated in the treatment
T7 (0.79%) which is followed by the treatment T6,
T3, T5, T2, T4, and T1 with 0.65, 0.58, 0.56, 0.51, 0.51
and 0.43% respectively. It is imperative to report
here that total nitrogen percent at 60 and 90 DOC

exhibited increasing trends in all the treatments, this
may be due to the concentration effect caused by the
strong degradation of labile organic compounds
(Bernal et al., 1998). The evolution of N showed that
mineralization of the organic compounds occurred
during the active phase of composting with the
ammonium nitrogen (NH4-N) formation. Usually,
total N concentration is enhanced during composting
when organic matter loss is greater than the loss of
NH3 (Bernal et al., 1998). However, at 120 DOC
there was a gradual decrease in total nitrogen
percent, which might be because nitrogen losses
occurred due to NH3 volatilization, denitrification,
and leaching (Rich et al., 2014).

The total phosphorus and total potassium (Fig.
6b & c) were estimated initially at 30 DOC and
subsequently at 30-day intervals up to maturity (120
DOC). At 30 DOC highest total P (0.33%) was
recorded in treatment T2 followed by the treatments
T5, T7, T3, T4, T6, and T1 with 0.31, 0.31, 0.26, 0.26,
0.25, and 0.21%, respectively. It enhanced frequently
at 60, 90, and 120 DOC and stabilized at maturity
(Fig. 6b). Study showed that all the treatments have
the approximately corresponding value for the total
phosphorus which varies between 0.39 to 0.41% at
maturity.

Potassium is an important nutrient of plants
which immobilized in organic matter. During the
decomposition of organic matter, the potassium is
liberated and finally, compost contains potassium in
the available form. Because of highly soluble, its
concentration increases with the progress of
decomposition (Gallando and Nogales 1987; Kumar
et al. 2014). The present study revealed that treatment
T7 estimated the highest potassium content (0.61%)
which is followed by the treatments T5, T6, T4, T2, T3,

and T1 with 0.56, 0.54, 0.53, 0.50, 0.50, and 0.49%
in that order at 30 DOC (Fig. 6c). Total potassium
content was pursuing the increasing trend at 60, 90
and 120 DOC as compared to 30 DOC. At 120 DOC
the highest total potassium was found in treatment
T5 (0.76%) which is followed by the treatments T7,
T6, T4, T3, T1, and T2 with 0.74, 0.67, 0.65, 0.58, 0.57
and 0.56% in that order and acquired constant value.
The total phosphorus and potassium levels in all the
treatments followed the increasing trends when
compared with primary values and therefore C: P
and C: K ratios decreased with increased time
intervals. Inbar et al. (1993); Khalil et al. (2011); and
Moretti et al. (2015) also reported similar results
during composting.

Fig. 4. Changes in pH of different treatments of MSWC

Fig. 5. Changes in EC of different treatments of MSWC
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Fig. 6. Changes in (a) total N (b) total P and (c) total K during composting

(a)

(b)

(c)

Calcium is a vital nutrient and is required by
organisms and plant cells to maintain their structure.
The major sources of calcium in municipal solid
waste are vegetables, food, animal wastes, organic
wastes, etc. Investigation showed that calcium
content varied between 10 to 17 ppm in treatments
T1 to T7 at 30 DOC. However, at maturity, it
increased 12-27 times and reached the level of 210 to
270 ppm in different treatments. Moretti et al. (2015)
also reported that calcium levels were enhanced at
the maturity of composting as compared to initial
values. Heavy metal contents like As, Cd, Ni, and
Pb were found below the detectable limits.

The highest total carbon content was found as
14.61% in treatment T7 whereas the lowest was in
treatment T4 at 30 DOC. At maturity, the highest
and lowest total carbon content was found in the
treatments T5 (13.69%) and T1 (11.14%) respectively.
It was observed that the total carbon content
decreased at the maturity as compared to 30 DOC in
the treatments T1, T2, T4, T5, and T7 with 19, 14, 2, 2,
and 7% respectively. The total carbon content
declined continuously during decomposition and
stabilized at maturity in all the treatments. This was
due to the breakdown and transformation of complex
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reported the decreasing trends of the C: N ratio
where the initial value falls at maturity (Bernal et al.,
1998; Verma et al., 2013; Moretti et al., 2015).

Changes in microbial properties

Microorganisms are the major biological agents
for the decomposition of municipal solid waste
(Gaur et al., 1980). They produce CO2, water, energy,
and other organic products using organic wastes as
food material (Pathak et al., 2012). Microbial changes

Table 2. Changes in the C: N ratio under different treatments
at a certain interval

Treatment 30Days 60Days 90 Days 120 Days

T1 34.50 18.74 16.31 25.89
T2 27.82 19.55 16.58 22.17
T3 26.44 25.71 17.41 23.50
T4 24.69 25.07 16.31 21.94
T5 27.84 20.96 20.71 24.44
T6 27.97 19.49 18.12 18.51
T7 34.78 20.71 15.64 17.13

Table 3. Changes in microbial properties during composting

Treatment                               Initial (30 Days)                                          Maturity (120 days)
Bacterial population Fungal population Bacterial population Fungal population

(Cfu/gm) (Cfu/gm) (Cfu/gm) (Cfu/gm)

T1 48×104 45×104 26×104 33×104

T2 54×104 60×104 44×104 26×104

T3 79×104 60×104 56×104 36×104

T4 73×104 42×104 60×104 28×104

T5 69×104 52×104 54×104 23×104

T6 79×104 41×104 68×104 18×104

T7 98×104 79×104 75×104 48×104

organic compounds into simpler compounds and
evolution of CO2 and the assimilation of carbon by
microorganisms (Carbera et al., 2005; Contreras-
Ramos et al., 2004).

Change in Carbon Nitrogen Ratio (C: N)

The C: N ratio determines the nutritive balance
and it is an imperative index to estimate whether
compost has been stabilized thoroughly (Kumar et
al., 2010; Rich et al., 2014). It is observed that the C:
N ratio decreased at 60 and 90 DOC in all the
treatments. However, at 120 DOC C: N ratio
followed an increasing trend in all the treatments
but it was less than the levels recorded at 30 DOC. It
is because the N remains in the system while some
of the C is released as CO2. Further nitrogen-fixing
bacteria indirectly help in decreasing the C: N ratio
by making more nitrogen available from added
organic matter (Rasal et al., 1988., Shinde et al.,
1992). Data given in Table 2, showed that the lowest
C: N ratio at 30 DOC was found in the treatment T4

(24.69%) which is followed by the treatment T3, T2,
T5, T6, T1 and T7 with 26.44, 27.82, 27.84, 27.97,
34.5 and 34.78% respectively. The lowest C: N ratio
at maturity was observed in treatment T7 (17.13%)
which is followed by the treatments T6, T4, T2, T3,
T5, and T1 with 18.51, 21.94, 22.17, 23.50, 24.44,
and 25.89% in the same order. Other studies also

in the initial and final decomposed MSW were
analyzed to monitor the quality of the developed
compost (Table 3). During the composting process,
several changes occurred in different microbial
populations. The experimental analysis showed that
the bacterial and fungal count (Cfu/ml) was higher
at the initial stage and it was reduced in all the
treatments at maturity. The highest population of
bacteria and fungus at 30 and 120 DOC was recorded
in treatment T7, whereas, the lowest was in treatment
T1 and T6 respectively. This is because of the
depletion of nutrients which is an indicator of the
completion of composting process. Pathak et al.
(2012) also recorded a decreasing trend in microbial
population with the composting age.

CONCLUSION

The study concluded that the combined use of
municipal solid waste and agricultural wastes used
for composting is an alternate option for waste
management. The municipal solid waste compost
prepared through on-farm composting using 50%
municipal solid waste + 50% agricultural wastes
enriched with earthworms (Eisenia fetida) and
degrading microbial strains produced nutrient-rich,
cost-effective quality compost. It is also concluded
that the compost produced with this protocol is
nutrient-rich and cost-effective which may improve
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the physical, biochemical, and microbial properties
of the soil resulting in improved soil fertility and
productivity. The use of municipal solid waste
compost as a source of organic manure may reduce
dependency on inorganic fertilizers and promote
organic farming.

ACKNOWLEDGEMENT

The authors are thankful to the Director, of
ICAR-Central Soil Salinity Research Institute for
allowing them to work on the management of
municipal solid waste. We are highly thankful to the
Director General of, the Uttar Pradesh Council of
Agricultural Research for sponsoring the project.
Thanks are also due to Mr. Neeraj Kumar Verma,
farm manager for providing sufficient manpower to
manage the entire composting process without any
problem.

REFERENCES

Bernal, M.P., Paredes, C., Sanchez-Monedero, M.A.,
Cegarra, J. (1998). Maturity and stability parameters
of composts prepared with a wide range of organic
waste. Bioresour. Technol. 63, 91-99.

Bhide, A.D., Shekdar (1998). Solid waste management in
Indian urban centers. International Solid Waste
Association Times (ISWA). 1, 26-28.

Bord na Mona (2003). Compost testing and analysis
Service – interpretation of results. Available from
Bord na Mona, Newbridge, Co. Kildare.

Buchanan, R.E., Gibbons, N.E. (1974). Bergey’s Manual
of Determinative Bacteriology, pp. 29-48. The
Williams and Wilkins Company, Baltimore,

Cabrera, M.L., Kissel, D.E. Vigil, M.F. (2005). Nitrogen
mineralization from organic residues: Research
opportunities. J. Environ. Qual. 34(1), 75-79.

Central Pollution Control Board (CPCB) (2004).
Management of municipal solid waste. Ministry of
Environment and Forests, New Delhi, India.

Central Pollution Control Board (CPCB) (2012). Status
report on municipal solid waste management. Ministry
of Environment and Forests, New Delhi, India.

Contreras-Ramos, S.M., Bernal, D.A., Trujillo-Tapia, N.,
Dendooven, L. (2004). Composting of tannery
effluent with cow manure and wheat straw. Bioresour.
Technol. 94, 223-228.

Dayal, G. (1994). Solid waste: sources, implications and
management. Ind. J. Environ. Protect. 14(9), 669-677.

Dubey, R.C., Maheshwari, D.K. (2006). Practical
Microbiology pp. 352. S. Chand & Company Ltd.,
Ram Nagar, New Delhi.

Elango, D., Thinakaran, N., Panneerselvam, P.,
Sivanesan, S. (2009). Thermophilic composting of
municipal waste. Applied Energy. 86(5), 663-668.

Gallando, L.F., Nogales, R. (1987). Effect of application
of town refuse compost on the soil–plant system – a
review. Biological Waste. 19(1), 35-62.

Gaur, A.C., Sadasivam, K.V., Magu, S.P., Mathur, R.S.
(1980). Progress report Indian Agriculture Research
Institute, All India Co-ordinated Projects on
Microbial decomposition and recycling of farm and
city wastes. pp. 2-19.

Haight, Taylor (2000). A manual for composting in Hotels:
A guide to composting yard and food. Waste for
hotels in Thailand. Canadian Universities
Consortium Urban Environmental Management
Project, Training and Technology Transfer program
Funded by Canadian International Development
Agency.

Hanay, A., Fatih, B., Fatih, M.K., Mustafa, Y.C. (2004).
Reclamation of saline-sodic soils with gypsum and
MSW compost. Utiliza. Compo. Sci. 12(2), 175-179.

Hasanimehr, M.H., Amini, Rad, H., Babaee, V.,
Sharifzadehbaei, M. (2011). Use of Municipal Solid
Waste Compost and Waste Water Biosolids with
Co-Composting Process. World Appl. Sci. J. 14, 60-
66.

Hoornweg, D., Bhada-Tata, P. ( 2012). What a waste: a
global review of solid waste management, pp. 8,
Urban Development and Local Government Unit,
World Bank, Washington, DC 20433 USA.

Inbar, Y., Hadar, Y. Chen, Y. (1993). Recycling of cattle
manure: the composting process and
characterization of maturity. J. Environ. Qual. 22,
857-863.

Jackson, M.L.(1973). Soil Chemical Analysis, Prentice
Hall of India Private Limited, New Delhi.

Kansal, A. (2002). Solid waste management strategies for
India. Ind. J. Environ. Protect. 22(4), 444-448.

Kansal, A., Prasad, R.K., Gupta, S.(1998). Delhi
municipal solid waste and environment – an
appraisal. Ind. J. Environ. Protect. 18(2), 123-128.

Khalil, AI. Hassouna, M.S., El-Ashkqar Fawzi, M.( 2011).
Changes in physical, chemical, and microbial
parameters during the composting of municipal
sewage sludge. World J. Microbiol. Biotech. 27, 2359-
2369. DOI10. 1007/ s11274-011-074-8.

Khan, R.R. (1994). Environmental management of
municipal solid wastes. Ind. J. Environ. Protect. 14(1),
26-30.

Kumar, M., Ou Yan, L., Lin, J.G.(2010). Co-composting
of green waste and food waste at a low C/N ratio.
Waste Manag. 30, 602-609.



On-farm composting of municipal solid waste / J. Nat. Res. Cons. Manag. / 4(1), 40-49, 2023 49

Kumar, V.C., Antony, S., Murugesan, A.G. (2014). Bio
composting of municipal solid wastes employing
earthworms Eisenia foetida and Eudrilus eugeniae. Int.
Res. J. Environ. Sci. 3(8), 6-13.

Lakhdar, A., Hafsi, C., Rabhi, M., Debez, A.,
Montemurro, F., Abdelly, C., Jedidi, N., Querghi,
Z. (2008). Application of municipal solid waste
compost reduces the negative effects of saline water
in Hordeum maritimum L. Bioresour. Technol. 99, 7160-
7167.

Larney, F.J., Blackshow, R.E. (2003). The effect of lignin
and sugars on the aerobic feedlot manure. J. Environ.
Qual. 32, 1105-1113.

McKinley, V.L., Vestal, J.R. (1985). Physical and chemical
correlates of microbial activity and biomass in
composting municipal sewage sludge. Appl. Environ.
Microbiol. 1395-1403.

Moretti, S.M.L., Bertoncini, EI. Abreu-Junior.,
C.H.(2015). Composting sewage sludge with green
waste from tree pruning. Scientia. Agricola. 72(5),
432-439.

Narkhede, S.D., Attarde. S.B., Ingle, S.T.(2010).
Combined aerobic composting of municipal solid
waste and sewage sludge. Glob. J. Environ. Res. 4(2),
109-112.

Pappu, A., Saxena, M., Asokar, S.R. (2007). Solid waste
generation in India and their recycling potential in
building materials. J. Build. Environ. 42(6): 2311–
2324.

Pathak, A.K., Singh, M.M., Kumar, V., Arya, S. Trivedi,
A.K. (2012). Assessment of physico-chemical
properties and microbial community during
composting of municipal solid waste (viz. Kitchen
waste at Jhansi city, UP (India). Rece. Res. Sci.
Technol. 4(4), 10-14.

Rasal, P.H., Kalbhor, H.B., Shingte, V.V., Patil, P.L.
(1988). Development of technology for rapid
composting and enrichment. In: Biofertilizers –
Potentialities and problems, Sen, S.P., Patil, P., (Ed),
pp. 254-258.

Rawat, M., Ramanthan, A.L., Kuriakose, T. (2013).
Characterization of municipal solid waste compost
(MSWC) from selected Indian cities – a case study
for its sustainable utilization. J. Environ. Protec. 4,
163-171.

Rich, N., Kumar, S., Bharti, A. (2014). Change in the
characteristic of municipal solid waste by a bulking
agent in – -vessel composting: a critical review. Int.
J. Innov. Res. Sci. Engin. Techno. 235-249.

Sharholy, M., Ahmed, K., Mahmood, G. Trivedi, R.C.
(2005). Analysis of solid waste management system
in Delhi – a review. In: Book of Proceedings for the
second International Congress of Chemistry and
Environment, Indore, India. pp. 773-777.

Shekdar, A.V. (1999). Municipal solid waste management
– the Indian perspective. J. Ind. Assoc. Environ.
Manage. 26(2), 100-108.

Shinde, P.H., Naik, R.L., Nazirkar, R.B., Kadam, S.K.,
Khaire, V.M. (1992). Evaluation of vermicompost,
National seminar on organic farming, MPKV, Pune.
pp. 54-55.

Shyamala, D.C., Belagali, S.L. (2012). Studies on
variations in physico-chemical and biological
characteristics at different maturity stages of
municipal solid waste compost. Int. J. Environ. Sci.
2(4), 1984-1997. ISSN 0976-4402.

Siddiqui, T.Z., Siddiqui, F.Z. Khan, E. (2006). Sustainable
development through integrated municipal solid
waste management (MSWM) approach – a case
study of Aligarh District. In: Proceedings of National
Conference of Advanced in Mechanical Engineering
(AIME-2006), Jamia Millia Islamia, New Delhi,
India. pp. 1168-1175.

Singh, S.K., Singh, R.S. (1998). A study on municipal
solid waste and its management practices in
Dhanbad-Jharia coalfield. Ind. J. Environ. Protect.
18(11), 850-852.

Verma, S.V., Kalamdhad, A.S. (2013). Composting of
municipal solid waste (MSW) mixed with cattle
manure. Int. J. Environ. Sci. 3(6), 2068-2079.

Walter, I., Martinez, F., Cuevas, G. (2006). Plant and soil
responses to the application of composted MSW in
a degraded, semiarid shrub land in central Spain.
Utiliza. Compos. Sci. 14, 147-154.

Willson, G.B., Par, J.F., Epstien, E., Marsh, P.B., Chaney,
R.L., Colaccico, D., Burge, W.D., Sikora, L.J.,
Tester, C.F., Hornick, S. (1980). Manual for
composting sewage sludge by the Beltsville aerated-
piled method. EPA-600/8-80-022, USA.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


