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Abstract
Present day world is giving preference to organic produce over inorganic because of their awareness about the hazards of
chemical produces. However, a limited supply of organic produce in the market is creating a huge gap among the costs of
these produces. Major portion of organic produce is based on application of compost instead of applying microbial inoculants
into the field. Previous studies reveal the benefits of compost application over chemical fertilizer in terms of quality produce
and soil nourishment. Therefore, there is a need for better understanding of composting process so that the supply of
organic produce can reaches upto the demand. In this review we are comparing two different types of composting process
i.e. aerobic and anaerobic composting. A comparative analysis of these two types of composting can reveal the advantage
of one over other and their limitations under natural/environmental conditions. Therefore, this review will be very useful in
better understanding towards composting process.
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Introduction
In all over the world, composting is becoming more

common practice in response to concerns about pollution
in agricultural produce and the violation of the urban
population in rural areas. Many tropical farming systems
have been evolved during last few decades and
continuously expanding the cropped area and influencing
on the environment. The major part of these farming
practices is organic in nature. The major problem with
developing countries is that they are importing a huge
amount of cereals, pulses, food products etc. of non-
organic sources from outside the tropics (Wackernagel
et al., 2004). Therefore, to compensate this gap between
organic and inorganic produces there is a need of better
understanding of composting process. Composting can
be defined as mineralization and partial humification of
organic substances by the action of microbes, under
optimum condition and it is a natural way of dealing with
waste, transforming it into soil improvement and plant
nutrients (Mehta et al., 2012; Mehta et al., 2014). Two
major techniques of decomposition of organic matter are

aerobic decomposition (necessity of air) and anaerobic
(no necessity of air). In this part we are explaining both
composting methods, factors affecting these processes
and the advances of aerobic over anaerobic composting.
Aerobic Composting

Decomposition of organic material with oxygen is an
“aerobic” process. Aerobic microbes utilize oxygen to
feed upon organic matter to develop their cell protoplasm
from nutrients (mainly nitrogen, phosphorus, some of the
carbon) present into the raw material of compost. Organic
matter generally breaks down more efficiently and
completely in conditions of ready oxygen availability,
largely as a result of the energy produced from the
aerobic respiration (Evans, 2001; Cadena et al., 2009).
In nature, most common area for aerobic decomposition
process is forest, where dead and decayed material of
animal and plant residue is in maximum amount and can
be converted into relatively stable organic matter and
due to the presence of adequate amount of oxygen this
type of decomposition doesn’t smell.

The first phase of aerobic composting is pile
formation. Within the first couple of days of composting,
temperature rises rapidly to 70-800C. Initially, mesophilic
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organisms (optimum growth temperature range = 20-
450C) multiply rapidly due to adequate presence of
available sugars and amino acids. The common mesophilic
microbes are Pseudomonas, Bacillus, Flavobacterium,
Clostridium, Alternaria, Cladosporium, Aspergillus,
Mucor, Humicola, Penicillium and Streptomyces etc.
Due to availability of plenty amount of food source these
microbes grow rapidly and generate heat by their own
metabolism and raise the temperature of pile to the point
where their own activities become suppressed. Then
several thermophilic fungi (Aspergillus, Mucor,
Chaetomium, Humicola, Absidia, Sporotrichum,
Torula (yeast) and Thermoascus), thermophilic bacteria
(Bacillus and Thermus) and few actinomycetes
(Streptomyces, Micropolyspora, Thermoactinomyces
and Thermomonospora) continue the process of raising
pile temperature upto 65 to 700C or higher. This necessity
of this peak heating phase is that it can kill most of the
pathogens and weed seeds that can contaminate the
compost and later on soil and crop which are in contact
of this compost (Bertoldi, 2010; Mehta et al., 2012).

The final phase of active composting stage is curing
stage. This stage can be identified by no further change
in temperature. At this phase, some of the microbes
(mainly fungi) show their activity that decomposes plant
cell wall material like cellulose and hemicelluose. Curing
phase is one of the essential phases before the application
of compost into the field. Immature compost can cause
lots of risks like oxygen deficiency and nutrient hunger
that can leads towards scarcity of nutrient in soil and
also immature compost can leads towards release of
organic acids that can cause toxic effect on crops growing
into applied areas (Bernal et al., 2009;  Mehta et al.,
2014).

Finally, the temperature declines to ambient
temperature. Mature compost pile become more uniform
and less active to the microbes although mesophilic
microbes recolonize the compost. The final composting
material becomes dark brown to black in color that
increases the amount of humus. The particle size of mature
compost is near to soil like texture and the ratio of carbon
to nitrogen (C:N) decreases, pH near to neutral and the
exchange capacity of the material increases (Mehta et
al., 2014).
Major factors affecting aerobic composting

Aeration
In aerobic composting oxygen is a major limiting

factor. The growth of aerobic microbes is directly affected
by the oxygen supply (Parkinson et al., 2004; Shen et
al., 2011). Lesser supply of oxygen to compost pile can
restrict the growth of aerobic microbes and leads toward
slower decomposition of raw organic material. In addition,
proper aeration eliminates excessive heat, water vapor

and other gases trapped in the pile. Therefore, good
aeration is necessary for proficient composting. The
proper aeration in composting can be achieved by
controlling the particle size of raw material used in
composting and also with the frequent turning of pile (Shen
et al., 2011).
Temperature

As explained above, composting involves two
temperature phases: low temperature (mesophilic; 20-45
0C) and high temperature (thermophilic; 50-700C) phase
(Liang et al., 2003). If the temperature goes too high or
too low, the activity of composting microbes adversely
affected, which results immature and non effective
composts. Most of the pathogens cannot survive at 550C
and above and for elimination of weed seeds the critical
temperature is about 620C and above. Therefore, for
proper composting product temperature is a major factor
and it can be regulated by turnings and aeration of compost
(Atchley and Clark, 1979).
Moisture

The major role of moisture content in aerobic
composting is to maintain the metabolic activity of the
micro-organisms. If the compost is too dry, the activity
of microbes rapidly reduce which results the slow
composting process while moisture content in excess
amount that develops an anaerobic condition for microbial
growth. Therefore for proper aerobic composting process
the moisture content should be 40-65 percent (Atchley
and Clark, 1979).
pH value

pH of composting pile can directly affects the
microbial population by restricting the availability of
nutrients to microbes. Optimum pH for proper microbial
growth in composting pile is recommended between 6.0
and 7.5 for most microbes (Atchley and Clark, 1979).
Nutrients

The major nutrients present in compost are; Carbon
(C), Nitrogen (N), Phosphorus (P) and Potassium (K).
Carbon to nitrogen (C:N) ratio is a limiting factor in
composting process. At higher C:N ratio (40:1), excess
amount of carbon source and limited amount of nitrogen
source restrict the growth of micro-organisms and
resulting slower decomposition process (Zhu et al., 2007).
In contrast, if C:N ratio is less than 20:1 it leads to under
utilization of N and the excess may be released into
atmosphere as ammonia or nitrous oxide resulting to odour
problem (Jeong and Kim, 2001). Other major nutrient in
composting process is phosphorus (P) which is a non-
volatile nutrient that means no loss during the process
but it can leach out from the system therefore the
concentration of P in the raw material should be high.
Similarly, potassium is another non-volatile nutrient that
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can leach from the composting system. The concentration
of potassium in final product should be always greater
than the original raw manure (Hu et al., 2007)
Anaerobic composting

Anaerobic composting process takes place without
the involvement of oxygen. It commonly takes place in
the nature. The anaerobic decomposition results the
breakdown of organic compounds by the application of
anaerobic microorganisms. Similar to aerobic process,
anaerobic microbes also utilize nitrogen, phosphorus, and
other nutrients to develop their cell protoplasm. The major
difference is between decomposition of organic and
inorganic compounds present into the compost pile like
breakdown of organic nitrogen to organic acids and
ammonia. Similarly major portion of carbon is released in
the form of methane gas (CH4) and a small portion of
carbon can be respired as CO2 (Jiang et al., 2011;
Cayuela et al., 2012). Since the major part of anaerobic
composting is breakdown of organic matter through
reduction process but the final product is subject to have
some aerobic oxidation. There are no consequences of
this oxidation process on utilization of material as it is
there for only short duration.

Four major stages take place during the anaerobic
composting process: hydrolysis, acidogenesis,
acetogenesis and methanogenesis. The first stage is
hydrolysis where the fermentative microbes breakdown
the insoluble complex organic matter, such as cellulose
into soluble molecules as fatty acids, amino acids and
sugars. The hydrolytic activity is a rate limiting factor as
it is having a significant impact on raw material with high
organic content (Vavilin et al., 2008). The second stage
of anaerobic decomposition i.e. acidogenesis, involved in
further breakdown of remaining complex molecules by
acidogenic (fermentative) bacteria. In the next phase of
anaerobic digestion, simple molecules created through
the acidogenesis phase are further digested upto acetic
acid, as well as carbon dioxide and hydrogen by
acetogenesis. The major bacteria of this phase are
Clostridium aceticum, Acetobacter woodii  and
Clostridium termoautotrophicum. The final phase is
methanogenesis, methane is produced by bacteria called
methane formers (e.g. Methanosarcina) (Demirel and
Scherer, 2008).
Major factors affecting anaerobic composting

Temperature
Temperature is a major limiting factor in anaerobic

composting process. Optimum temperature considered
for optimum growth of mesophilic digester for biogas
production is 35 0C. Previous study on effect of
temperature on mesophilic digester reports that for each
100C drop the activity and growth rate of bacteria
decrease by 50% and with 200C decrease in temperature

biogas production falls down and even stops at 100C
(Samir et al., 2010). Temperature above 370C leads to
prolong digestion process and leads to reduced rate of
biogas generation.

pH
pH is the second major factor that affect the

processing of anaerobic composting. Digestion process
is significantly affected by variation in pH (Romano et
al., 2011). The optimum pH range for anaerobic digester
is considered between 6.8 to 7.2. However, the anaerobic
decomposition process can tolerate a range of 6.5 up to
8.0.

Substrate
The initial substrate concentration directly influence

the anaerobic digestion (Fernández et al., 2008) and also
methane gas production during anaerobic decomposition
is critically depends on initial substrate concentration.

Pathogens
Unlike aerobic decomposition, in anaerobic

composting pathogens are major threats to composting
material because there is not enough heat that can destroy
the pathogens. The only way of eradication of pathogen
during this process is unavailability of oxygen that
provides unfavorable condition to the pathogens and can
be slowly disappears from compost. In addition to this,
biological antagonisms against these pathogens in compost
can also reduce the chances of vaiability of pathogen in
anaerobic compost. Therefore, it is necessary that the
condition should be completely anaerobic and the
composted material must be held for a periods of six
months to a year to ensure complete destruction of
pathogens (Hoitink and Fahy, 1986; Yazdani et al., 2012).
Aerobic vs. Anaerobic composting

Anaerobic composting was considered as a possible
alternative to aerobic composting. The major support of
anaerobic composting was the minimisation of nitrogen
loss (Yu et al., 2015). Even had this advantage, the
imitation and disadvantages of the anaerobic mode cannot
be neglected. There are several advantages of aerobic
composting over anaerobic composting like: a) rapid
decomposition of raw material, b) temperature of pile
raises upto that level where pathogens and weeds cannot
survive, c) the number and intensity of objectionable
emissions are sharply reduced and, 4) can be generated
in a short period of time (Zeng et al., 2012; Gill et al.,
2014).

Decomposition
Decomposition of organic material in aerobic

composting proceeds more rapidly as compare to
anaerobic process. In anaerobic decomposition the
composted material must be held for periods of six months
to a year to ensure the proper decomposition of organic



material while in aerobic composting the complete
decomposition time (or composting time) is about 3 to 6
months (Gabhane et al., 2012; Tian et al., 2012).

Pathogen suppression
Both aerobic and anaerobic composting requires

microbes for decomposition of raw material. Most of the
pathogens are not susceptible to high temperature and
anaerobic conditions. Under aerobic conditions, compost
pile may attain a temperature upto 600Cto 700C which is
high enough to kill the pathogens present in the raw
material. While in anaerobic composting process
temperature never reaches upto 700C. Therefore, the
possibility of the pathogens to remain into the compost is
significantly higher as compare to aerobic decomposition.

In aerobic composting systems, the most important
factor is interaction between weed species and different
composting parameters like temperature, time, and
moisture (Egley,1990; Larney and Blackshaw et al.,
2003). During aerobic composting, higher temperature
(upto 700C) increases the mortality rate of weed seeds.
Therefore, the longer the duration of high-temperature
exposure in composting, the higher the weed seed mortality
(Dahlquist et al., 2007). Similar study on compost (Wiese
et al., 1998) reports that, at 35% moisture and 50-700C
the weed seeds like barnyardgrass, pigweeds, and kochia
were killed.

Generally in aerobic composting process fungal
pathogens do not survive due to high temperature (Hoitink
and Fahy, 1986). However, many of them form a
reproductive structures are usually more heat resistant
than their vegetative structures. Many pathogenic fungi
like Fusarium oxysporum, Olpidium brassicae ,
Synchytrium endobioticum and Plasmodiophora
brassicae, Phytophthora infestans can produce their
reproductive structure that can survive from 400C to 650C
for 10-30 minutes (Golueke, 1982; Bollen, 1993; Mehta
et al., 2016). Similarly bacterial plant pathogens are
unlikely to survive composting, where temperature
normally rises above 500C (Bollen, 1993). Therefore an
optimum exposure of high temperature is necessary for
complete removal of pathogenic fungi from the compost.
All these studies support the important role of thermophilic
phase of aerobic composting processes over anaerobic
composting where the temperature never raises upto
650C.

Emission of gases
At the initial phase of composting of waste material,

emission of some unpleasant odors is predictable. The
source of this unpleasant smell is mainly because of rapid
activity of microbes towards degredation of complex
compounds into simple compounds. The intensity and
extent of odours during anerobic composting is more as

compare to aerobic composting. In aerobic composting,
a frequent supply oxygen to heap helps to reduce the
chances of formation and emission of unpleasant gases
while in anaerobic composting, due to closed system
formation and emission of objectionable odor is more.
The possible solution for controlling the emissions of gases
is chemical and or biological treatment (Maulini-Duran,
2013; Jiang et al., 2015).

All above studies supports the advances of aerobic
composting over anaerobic. However, a transient
anaerobic phase is recognized as essential part of
composting to destruct the halogenated hydrocarbons
combined with conservation of nitrogen. Therefore, there
is a need of future study to explore the composting stages
in details for better understanding of efficient compost
formation.
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