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Pressmud is one of the most highly complex organic by-products generated from sugar industry. Due to its complex
nature, disposal of the pressmud is difficult without affecting the surrounding environment. Pressmud has a high
potential of converting itself into a good quality organic manure with proper management, through the aerobic com-
posting process. This study is a part of major research work which focuses on recycling of nutrients and safe disposal
of two of the most complex by-products: sugar pressmud and distillery spent wash through the aerobic composting
process. The main objective of this study is to determine the effect of a commercially available microbial consortium
on aerobic composting of pressmud. The selected microbial consortium includes four species of fungi: Phaenero-
chaete, Trichoderma Virdea, Aspergillus Niger, Pleurotus. These are capable of degrading complex organic matter
with lignocellulosic characteristics. Five composting mixtures were prepared for this study, with four composting mix-
tures of individual species of fungus and the fifth composting mixture with all four fungi species. Aerobic composting
was carried out in PVC reactors with 7 kg of pressmud as a base material, 1 % (w/w) of optimum dosage for microbial
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consortium and 5% (w/w) of digested cow dung. The study was carried in the pre-monsoon season over a period of
50 days. Aeration was provided with mixing of the contents at every three days interval, and also, water was added to
maintain the moisture content in the optimum range. Representative samples were collected and analyzed for various
physic-chemical parameters. Further, these results were compared with the standards prescribed by Fertilizer Control
Order (FCO), Ministry of Agriculture, Government of India, to assess the nutrient content of the prepared compost. The
prepared compost from CM-V showed a pH of 7.62, EC of 3.67 dS/m, TOC of 17.64 %, TKN of 2.24 %, phosphorus of
4.93 %, potassium of 1.11 %, iron of 72.20 mg/kg and C/N ratio of 7.86. Hence, it can be concluded that CM-V has
satisfactory overall nutrient content in most of the parameters. But further studies are to be conducted in a large scale

to assess the evolution of heat during the composting process and its effects on duration of composting.
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Introduction

India is an agro-based country with most of the rural
population depending on agriculture. India is second in
production of sugar, with Brazil in the first place. Sugar
can be extracted from two major sources namely beet
and sugarcane, the latter being used for sugar produc-
tion in India. Around 525 sugar industries are registered
in India with a production capacity of 4,110 lakh tonnes
(2018-2019) (Indian Sugar Mill, 2019). Due to the signif-
icance of sugar in everyday aspect, sugarcane is grown
in an area of around five million hectares. Karnataka has
59 sugar industries with an annual production capacity of
5.65 lakh tonnes. Similarly, Belagavi district has 22 sugar
industries with an annual production capacity of 1.00 lakh
tonnes of sugar (S. Nijalingappa Sugar Institute, 2020).

Harvested sugarcane in the sugar industry is washed
with hot water and then passed through a milling
section, where juice is extracted. Juice is then
clarified using lime to remove suspended particles,
and sulphur dioxide gas is passed through the juice
to bleach and remove the colour. The clarified and
bleached juice is then passed through a number of
evaporators, where the moisture content from juice
is reduced and finally thick syrup, called massecuite,
is produced. Further, it is then passed through a
crystallizer centrifuge to produce sugar crystals.
During the production of sugar, many by-products are
generated viz; bagasse, pressmud, or molasses along
with wash water. Bagasse is produced at the rate of 28
% to 30 % of sugarcane crushed. Similarly, pressmud
and molasses are generated at the rate of 3 % to 4 % of
sugarcane crushed (Bhat et al., 2017). The quantum of

these by-products generated is huge and the disposal
is a difficult task due to their high pollution potential.

These by-products due to their inherent properties have
a potential for recycling the nutrient content with proper
handling and treatment techniques. Bagasse is used as
raw material for paper and pulp industries, as well as a
feed stock for animals. Molasses is used as raw material
for production of ethyl alcohol in distilleries. Pressmud
is one of the significant by-products of the sugar indus-
try and is organic in nature. It is a soft, amorphous, dark
brown coloured material with minimal sugar content,
fibres, colloids, cane wax, albuminoids, inorganic salts
and soil particles. A typical composition of pressmud is
shown in Table 1.

Table 1. Typical characteristics of sugarcane pressmud

Sl. No. Parameters Percentage (%)

1. Moisture content 70-75

2. Fibre content 20-30

3. Crude wax 7-15

4. Sugar 0.9-15

5. Crude Protein 5-10

6. Nitrogen 2-2.50

7. Lignin 9.0-9.3

8. Cellulose 10.5-11.4
9. Hemi-cellulose 9-10
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The present study is a part of bigger research work on
developing a suitable treatment technique for proper
handling and management of complex waste, as well
as for recycling their nutrient potential. Sugar industry
pressmud and distillery spentwash are considered as
base materials for the research work. The main objective
of this research work is to reduce the pollution potential
of these complex wastes through an aerobic composting
process and effective utilization of the prepared compost
for growth of selected crops. The entire research work is
divided into four phases and the present study is phase - |
of the research work.

The main objective of this present study is to determine
the feasibility of a commercially available microbial
consortium on composting of sugar pressmud. Exper-
imental studies have been carried out to observe the

2021/77/3

variations in physic-chemical properties of the prepared
compost and compare with the standard prescribed by
the Fertilizer Control Order (FCO), Ministry of Agriculture,
Government of India.

Material and Methodology

The present study was carried out at the Research Centre
of Angadi Institute of Technology and Management, Be-
lagavi, Karnataka. The base material for the composting
process, pressmud, was collected from Doodhaganga
Krishna Sahakari Sakkare Karkhana Niyamat, Chiko-
di, Karnataka. The selected microbial consortium was
collected from the University of Agricultural Science,
Dharwad, Karnataka, and is available as a commercial

Fig. 1. Microbial consortium (powered form) used in composting (a) Phaenerochaete, (b) Trichoderma Virdea, (c) Aspergillus Niger, (d) Pleurotus

product for degrading organic waste. The microbial con-
sortium is in the form of black powder and is shown in
Fig. 1. It contains a mixture of spores of microorganisms
along with nutrients required for their growth. Further,
digested cow dung is collected locally.

Microorganisms play an important role in the composit-
ing process. The selected microbial consortium consists
of various species of fungi including Phaenerochaete,
Trichoderma Virdea, Aspergillus Niger, and Pleurotus.
These are favourable for degrading the highly complex
organic waste, and the characteristics of these fungi are
discussed below.

Phanerochaete is one of the resupinate or crust fungi
which decays wood. Phanerochaete produces a lignin
degrading enzyme making it important. This is also one
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of the white rot fungi which degrades lignin and leaves
cellulose behind. Many of the white rot fungi exist, but
Phanerochaete has several characteristics making it very
useful. Unlike most of the white rot fungi, this species
leaves the cellulose of the degrading matter untouched
and it has a very high optimum temperature of about
40°C, indicating that it can survive in composting heaps.
Trichoderma Virdae is of great importance for degradation
of complex organic matter due to its lygnolytic, cellulolytic
and saprophytic in nature. Trichoderma utilizes carbon
of the bio-molecules from the organic materials for its
growth and survival, and it leaves behind the phosphorus,
potassium and sulphur, thus increasing these levels
in compost. Trichoderma virdae has been identified
to degrade paper with a lignocellulose complex and
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other polymeric materials. Further, it is also effective in
producing phospho-compost (Sharma et al., 2012).

Aspergillus Niger is one of the most common species of
microorganisms found in the environment. These exists
as saprophytes indicating that they extract nutrition from
a variety of dead and decaying material such as leaves,
fruits and other vegetation. Due to the abundance of their
nutritional sources, they are readily available in a wide
variety of areas. Aspergillus Niger forms black or brown
spores, which provide protection from sunlight and UV
radiation, also giving this a competitive advantage in
most habitats (Gaur et al., 1982). Pleurotus is commonly
known as oyster mushrooms, considered as white rot
fungi for their mycelium. Pleurotus has a shorter growth
period at temperatures varying from 20°C to 30°C with
a 55% to 70% moisture on different lignocellulosic

Table 2. Composition of composting mixtures

Composting Mixture* PI&E TEODET(IGC*
CM - | 7 kg +350 gm + 70 gm
CM -1 7 kg +350 gm + 70 gm
CM-1lI 7 kg +350 gm + 70 gm
CM -1V 7 kg +350 gm + 70 gm
CM-V 7 kg +350 gm + 70 gm
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substrates. Pleurotus is one of the most efficient white
rot fungi and is able to degrade wood and non-compost-
ed lingo-cellulosic materials (Julian et al., 2019).

The pressmud was dried in open atmosphere to
remove excess moisture content and then was used
as a base material for composting. Five variations of
the experimental work were carried out with different
species of the selected microbial consortium. The ¢
Composition of the composting mixture and species
of microorganisms utilized for the study are indicated
in Table 2. Further, the physic-chemical characteristics
of the end product of the composting process were
compared with the standards prescribed by the
Fertilizer Control Order (FCO), Ministry of Agriculture,
Government of India, for assessing its nutrient content
(Ministry of Agriculture, 1985).

Microbial Culture

Phaenerochaete
Trichoderma Virdea
Aspergillus Niger
Pleurotus

All four species of fungi

*PM - pressmud, CD - cow dung, MC - microbial consortium, ¥ CM — composting mixture

Experimental Setup

Composting of pressmud was carried out in PVC reactors
with the top diameter of 0.42 m and the bottom diameter
of 0.18 m with a depth of 0.23 m. Pressmud of 7 kg was
used as base material for the composting process, and 5
% by weight of digested cow dung was added to the com-
posting mixture along with water. Similarly, the optimum
dosage of the microbial consortium was 1 % by weight,
and was added to the composting mixture as indicated in
Table 2. Moisture content in the experimental setup was
maintained between 65 % to 75 % to provide favourable
conditions for the composting process.

All the five composting mixtures were setup identically
for the composting process and were kept in open at-
mosphere as indicated in Fig. 2. Frequency of applica-
tion of water was fixed at every three days, during which
entire contents of the composting heaps were mixed to
provide proper aeration. Temperature of the composting
heap was measured on a daily basis to monitor the evo-
lution of heat in a composting heap. The present study
was carried for a duration of 50 days in the pre-monsoon
season from March to May, and the atmospheric temper-
ature during the study period varied from 26 °C to 34 °C.
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Fig. 2. Experimental setup for composting of pressmud using PVC reactors. Species of fungi used (a) Phaenerochaete, (b) Trichoderma Virdea, (c)

Aspergillus Niger, (d) Pleurotus, (e) combination of all four fungi species

Results and Discussion

Pressmud is one of the complex by-products generated
form sugar industry and is highly organic in nature. The
collected fresh pressmud was analyzed for its phys-
ic-chemical properties and the results are provided in
Table 3. Pressmud has a pH of 6.25, electrical conduc-
tivity of 1.96 dS/m, moisture content of 72.50 %, total
organic carbon of 12.53 %, total kjeldahl nitrogen of 0.48
%, C/N ratio of 25.95, phosphorus of 0.40 %, potassium
of 1.09 % and iron of 0.15 mg/kg. These results were
at par with the observation made by other researchers
(Bhat et al., 2017; Satisha and Devarajan, 2007).

The Fertilizer Control Order (FCO), Ministry of Agricul-
ture, Government of India, has prescribed the standards
for nutrient requirements for various types of composts
and fertilizers. These standards provide a minimum or
maximum range of physic-chemical properties that
need to be adhered for an optimum nutrient composi-
tion in a compost and are given in Table 3. As per the
FCO, the organic compost should have a pH of 6.5 to

7.5, and electrical conductivity must be less than 4
dS/m. Similarly, total organic carbon should be more
than 12 9%, total kjeldahl nitrogen should be over 0.80
%, phosphorus and potassium should exceed 0.40 %,
and C/N ratio must be less than 20. Individually, these
parameters cannot be used for determining the quality
of compost, but three or more parameters together can
provide an accurate conclusion.

All the composting mixtures were prepared as per the
experimental setup described in the previous section.
Representative samples were collected and analyzed
at days 0, 15, 25 and 50 for all composting mixtures.
During the experimentation, evolution of temperature
was not significant in any of the composting mixtures.
This was due to the higher surface area compared with
its size; besides, frequent mixing of composting mix-
tures for aeration caused dissipation of heat. Further,
there was no development of mycelium in any of the
composting mixtures.
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Table 3. Characteristics of pressmud and FCO standards

2021/77/3

SL. No. Parameter Fresh Pressmud FCO Prescribed Standards Unit
1 pH 6.25 651075 -
2 Electrical Conductivity 1.96 <40 dS/m
3 Moisture Content 72.50 15t0 25 %
4 Total Organic Carbon 12.53 >12.00 %
5 Total Kjeldhal Nitrogen 0.48 >0.80 %
6 Total Phosphorus 0.40 >0.40 %
7 Total Potassium 1.09 >0.40 %
8 C/N Ratio 25.95 <20 %
9 Iron 0.15 - mg/kg

pH is an effective indication for observing the activity of
microorganisms in composting of pressmud. The pH of
fresh pressmud was 6.25, and the addition of microbi-
al consortium and digested cow dung increased the pH
slightly in all the composting mixtures at the end of 15
days. CM-Il showed a maximum pH of 7.16 and CM-|
showed a minimum pH of 6.96. Similarly, the pH margin-
ally increased in CM-I and CM-V for the period of 25 days,

Fig. 3. Variation of pH w.r.t. composting mixtures
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whereas other composting mixtures showed a slight re-
duction. The maximum pH was observed in CM-V with
7.38 and the minimum value was observed in CM-IV with
6.97. Further, the pH reduced in CM-|, CM-Il and CM-Ill to
6.95, 6.21 and 6.78, respectively, at the end of 50 days.

These variations observed during the study were sim-
ilar to studies conducted by other researchers (Bhat et
al.,, 2017; Satisha and Devarajan, 2007). An increase in
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pH until 15 days was due to metabolic degradation of
organic acids or loss by volatilization of ammonia com-
pounds due to degradation of protein. A reduction in pH
at a later stage of the composting period might be due
to the formation of new organic acids and production
of phenolic compounds indicating an increase in min-
eral nutrients of the final product. During the entire
study period, the pH of all the composting mixtures was
maintained near to neutral without significant variation.
This indicates favourable conditions maintained for the
development of microorganisms.

Fig. 4. variation of EC w.r.t. composting mixtures
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Electrical conductivity (EC) of a composting pile indicates
the ionic exchange capacity of the base material. Fresh
pressmud showed EC of 1.96 dS/m, and the addition of the
microbial consortium and digested cow dung increased
the EC in all composting mixtures except CM-I. The max-
imum EC was observed in CM-IIl with 2.76 dS/m and the
minimum EC was observed in CM-I with 1.65 dS/m at the
end of 15 days. Further, the EC decreased in all the com-
posting mixtures except in CM-V at the end of 25 days.
The minimum EC was observed in CM-| with 1.59 dS/m.
As the composting process continued, all the composting
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Fig. 5. Variation of TOC w.r.t. composting mixtures

35
30

25

TOC (%)
&

CM-II

20
10
5
0

CM-lI

mDay 0

m Day 15
Day 25

H Day 50

CM-IvV

Composting Mixtures



Environmental Research, Engineering and Management

mixtures showed an increase in the EC with a maximum
value of 4,05 dS/m in CM-I and minimum of 2.46 dS/m in
CM-III at the end of 50 days. A decrease in EC from 15 days
to 25 days is indicative of degradation of organic matter
and is similar to observations made by many researchers
(Kumar et al., 2010; Raj and Antil, 2011; Satisha and Deva-
rajan, 2007; Zhang and Sun, 2017). Thereafter, a gradual
increase in EC is due to the mineralization of nutrients in
the final stage of composting.

Total organic carbon (TOC) indicates the readily availa-
ble carbonaceous matter present in a composting pile.
Fresh pressmud has a TOC of 12.53 %, and the addition
of digested cow dung increased its value in all the com-
posting mixtures. The maximum increase was observed
in CM-| with 22.45 % and the minimum value of 17.59 %
was observed in CM-IIl at the end of 15 days. Thereaf-
ter, the TOC decreased in CM-| and CM-II, whereas other

Fig. 6. Variation of TKN w.r.t. composting mixtures
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composting mixtures showed an increase values until
the end of 25 days. CM-IV showed a maximum TOC of
33.11 % and CM-Ill showed a minimum value of 18.64 %.
Further, all the composting mixtures showed a gradual
reduction in the TOC till the end of study period of 50 days.
The minimum TOC of 13.6 % was observed in CM-IIl and
the maximum of 19.7 % was observed in CM-I.

The initial increase in TOC is attributed to the addition
of digested cow dung as it is a rich source of carbo-
naceous matter. In this study, due to the smaller size
of composting mixtures and continuous mixing of the
contents for aeration, temperature development was
not significant. Hence, the thermophilic phase of the
active decomposition was not clear until the end of 25
days. Similarly, a gradual reduction in the TOC from 25
days to 50 days is due to gradual degradation of organic
carbon by microorganisms.
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m Day 50

CM-IV CM-V

Composting Mixtures

Total Kjeldahl nitrogen (TKN) indicates the amount of
complex organic matter present and is one of the im-
portant nutrients in organic compost. Fresh pressmud
has a TKN of 0.48 %, and the addition of the microbial
consortium and digested cow dung increased the value
of the TKN in all the composting mixtures at the end of
15 days. A maximum TKN was observed in CM-V with
1.52 % and a minimum of 0.69 % in CM-IV. Thereafter,
CM-I, CM-Ill and CM-IV showed an increase in TKN and
others showed a reduction. The maximum value of 3.51

% was observed in CM-IIl and the minimum of 0.58 %
was observed in CM-V until the end of 25 days. Further,
until 50 days, CM-I, CM-IIl and CM-IV showed a reduc-
tion in the TKN, whereas other composting mixtures
showed an increase. A maximum TKN of 2.24 % was
observed in CM-V at the end of the study period.

The initial increase in the TKN until 15 days is attributed
to the addition of composted cow dung and the microbi-
al consortium. As the composting continues, CM-I, CM-
[l and CM-IV showed an increase in the TKN, whereas
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CM-II and CM-V showed a reduction at the end of 25
days. The decrease in the TKN is attributed to the emis-
sion of ammonia as shown by other researchers (Zhang
and Sun, 2017). Thereafter, a gradual increase in TKN is
due to mineralization of nitrate and stabilization of TKN
in the composting mixture.

C/N ratio represents the proportion of carbon to nitro-
gen, i.e., easily degradable matter to complex organic
matter. Fresh pressmud has a C/N ratio of 25.95, which
was suitable for composting. All the composting mix-
tures showed a reduction in the C/N ratio at the end of
15 days. The maximum reduction was observed in CM-V

Fig. 7. Variation of C/N w.r.t. composting mixtures
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with a value of 13.16 and the maximum of 22.30 in CM-|V.
Thereafter, CM-I, CM-IIl and CM-IV showed a reduction in
the C/N ratio, whereas CM-Il and CM-V showed an in-
crease at the end of 25 days. The maximum C/N ratio
was observed in CM-V with 34.83 and the minimum of
2.31 in CM-IIl. Further, CM-I, CM-Ill and CM-V showed a
reduction in the C/N ratio at the end of 50 days. The min-
imum C/N ratio of 7.22 was observed in CM-Ill and the
maximum was observed in CM-IV with 12.78.

Potassium is one of the important nutrients for a compost
material and fresh pressmud had a potassium of 1.09 %. As
the composting continued, CM-I, CM-Il and CM-V showed a
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Fig. 8. Variation of potassium w.r.t. composting mixtures
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reduction in potassium at the end of 15 days. The maxi-
mum reduction was observed in CM-| with 0.86 %, and
this trend was in line with the variation of TOC as described
earlier. All the composting mixtures showed an increasing
trend until the end of 25 days with the maximum increase
in CM-IV with 2.98 %. Further, all the composting mixtures
were reduced at the end of 50 days of composting.

The variation of potassium is similar to the variations
observed in TOC for CM-I, CM-Il and CM-V for the entire
duration of composting. Potassium during the degrada-
tion of organic matter will be the inionic form and is ev-
ident from the variations of EC as discussed earlier. The

Fig. 9. Variation of Iron w.r.t. composting mixtures
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final reduction of potassium is due to mineralization of
nutrients during the final stage of composting.

Iron is one of the important micronutrients of organ-
ic compost and fresh pressmud showed a minimal of
0.15 mg/kg. All the composting mixtures showed an
increase in iron concentration at the end of 15 days with
a maximum of 93.71 mg/kg in CM-I and a minimum
of 73.33 mg/kg in CM-V. Thereafter, all the composting
mixtures showed a reduction until the end of the study
period of 50 days. The maximum iron concentration
was observed in CM-V with 72.20 mg/kg at the end of
composting. The initial increase in iron concentration is
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Fig. 10. Variation of moisture content w.r.t. composting mixtures
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due to the addition of the microbial consortium, which
increased iron in all the composting mixtures substan-
tially. Further, the gradual reduction of iron concentra-
tion is due to mineralization of nutrient.

Moisture content of the composting heaps depends on
the evaporation rate and the amount of liquid added to
the composting mixtures. The study was conducted dur-
ing the pre-monsoon season and, based on the evapo-
ration rate, water was added at an interval of every three
days to maintain the moisture content in favourable con-
ditions. Since the amount of liquid added for all the com-
posting mixture was the same, the moisture content of
the heaps was the in the same range. Fresh pressmud
showed a moisture content of 72.50 % and throughout

Fig. 11. Variation of phosphorus w.r.t. composting mixtures
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the study period the moisture was maintained between
70 % to 80 % for favourable conditions.

Phosphorus is an important macronutrient of the com-
post and is essential for the growth of crops. Fresh
pressmud showed a phosphorus of 0.40 %, and as the
composting continued, all the composting mixtures
showed an increasing trend at the end of 15 days. Max-
imum phosphorus was observed in CM-IIl with 4.41 %
and the minimum of 3.36 % in CM-V. Further, CM-IV
and CM-V showed a gradual increase until the end of
50 days with maximum phosphorus of 5.27 % in CM-|V.
This gradual increase in phosphorus is due to the con-
tinuous degradation of organic matter along with min-
eralization throughout the composting period.
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Conclusions

The experiment for composting of pressmud was car-
ried out for a duration of 50 days. Assessment of quality
of the prepared compost was made by comparing the
physic-chemical parameters with the prescribed stand-
ards of the Fertilizer Control Order. As per the observed
results, the overall nutrient content of CM-V was satisfac-
tory in most of the parameters. The end product of CM-V
showed a pH of 7.62, EC of 3.67 dS/m, TOC of 17.64 %,
TKN of 2.24 %, phosphorus of 4.93 %, potassium of
1.11 %, iron of 72.20 mg/kg and C/N ratio of 7.86. All

the above mentioned values adhere to the standard pre-
scribed by the Fertilizer Control Order. Further, utilization
of all the four species of microorganisms in CM-V helps
in acclimatizing in a wide variety of operating conditions
and degradation of organic matter. Hence, it can be con-
cluded that the selected microbial consortium is suitable
for degradation of pressmud with optimum operating
conditions. But studies have to be conducted on a large
scale to assess the evolution of heat during the compost-
ing process and its effect on the duration of composting.
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