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Microorganisms in the Conversion of Agricultural Wastes to Compost
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Microorganisms play an important rolein the recycling of agricultural wastes. The compost generated by bioconversion of
agroresidues offers several benefits such as enhanced soil fertility and soil health which can lead to increased agricultural
productivity, improved soil biodiversity, reduced ecological risks and a healthier environment. These virtues make
composting an ideal option for processing of the enormous quantities of agrowastes that are generated in the world.
Recent reports al so indicate multifarious uses of bioaugmented compost as carrier for bioinoculants, biocontrol agentsfor
diseases suppressivness and bioremediation. Thereisdefinite need to intensify research on novel effective microorganisms
to prepare high quality compost in arelatively shorter duration and new technologies for large-scale production.
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I ntroduction

Crop residues are generated in large quantities and
constitute an abundant but underutilized source of
renewable biomassin agriculture. Theamount of crop
residues availablein India(Fig. 1) isestimated to be
approximately 620 milliontons[1]. Half the quantity
of agro-residues thus produced finds use as roofing
material, animal feed, fuel and packing material,
while the other half is disposed of by burning in the
field. Burning agro-residuesinthefield isconsidered
acheap and easy means of disposal of excessresidues.
This practice appendsto air pollution, increases soil
erosion and decreases the efficacy of soil-applied
herbicides like isoproturon [2]. Moreover, it also
causes respiratory problems and increases the fog
incidences even in distant cities [3]. Direct
incorporation of agro-residueslikericestraw infield
solvesthe problemof air pollution but itisnot feasible
due to the short time gap between harvesting of rice
and sowing of wheat. Besides, it involves additional
cost of labour, irrigation and extra tillage [4].
Moreover, observations of long term experiments
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indicate that though incorporation of agro-residues
in soil improves soil health significantly [5-7], it
decreases the subsequent crop yields due to
production of microbial phytotoxins and
allelochemicals [8] and immobilization of the
availablenitrogen[9]. Incorporation of agro-residues
like paddy straw increases the CH, emission from
field [10, 11] especidly in irrigated soils, which in
turn adds to the malice of global warming.
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Fig. 1: Annual agro-residues generated from different crops
(MMT), Source: [1]
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About 50 % of thetotal residues generated are
produced by three crops viz. rice, wheat and oil seed.
On an average these residues contain about 0.5% N,
0.2% P,0O, and 1.5% K,O. Assuming that 50% of
crop residues are utilized as cattle feed and fuel, the
nutrient potential of the remaining residue is 6.5
million tonnes of NPK per annum, which accounts
for 30 % of total NPK consumption in India. Hence
therecycling of thesewastesisnot only an ecological
necessity but, in acountry like ours, is an economic
compulsion.

Composting of agricultural residuesthrough the
action of lignocellulolytic microorganisms is easier
to manage and it recycles the lignocellulosic waste
with high economic efficiency. Therecycled material
when applied to soil, improves soil fertility and health.
Composting is the biological degradation and
stabilization of organic substrate under conditionsthat
allow development of thermophilic temperatureasa
result of biologically produced heat [12]. During
composting, mesophilic population buildsupinitially
by the utilization of simple nutrients, which raises
the temperature of the piles. Thermophilic microbes
proliferate in the second phase. The final product is
stable, free of pathogens and plant seeds and can be
beneficially applied to land.

Composting has been used as a means of
disposal of organic wasteslike paddy straw, sugarcane
trash and other agricultural wastes. Natural
succession of microflora takes place during
composting. Several fungi like Trichoderma
harzianum, Pleurotus ostreatus, Polyporus
ostriformis and Phanerochaete chrysosporium are
known to play important role in composting of
lignocellulosic materials [13]. The composting of
agricultural residuesrichinlignocelluloselike paddy
straw generally takes 180 days to obtain good and
mature compost. High lignin content restricts the
enzymatic and microbial access to the cellulose in
paddy straw. Cellulose degrading microorganisms
hasten the biodegradation of crop residues such as
straw, leaves, trash etc. and such cultures have been
used for composting of plant residues [12] but still
time taken for composting is too long. This time
constraint can be overcome by using some lignin

degrading microorganismsin combinations with the
cellul ose-degrading microorganisms.

1. Lignocellulose Degrading Microor ganisms
Involved in Composting

The organic substrate, bulking agents and the
amendments used in composting are mostly derived
from plant material. Lignocellulose, the composite
of the predominant polymers of vascular plant
biomass, is composed of polysaccharides like
cellulose and hemicellulose and the phenolic polymer
lignin. Hence, the capacity of microorganisms to
assimilate organic matter depends on their ability to
produce the enzymes needed for degradation of the
substrate components i.e., cellulose, hemicellulose
and lignin. The more compl ex the substrate, the more
extensive and comprehensive is the enzyme system
required. Through the synergistic action of
microorganisms, complex organic compounds are
degraded to smaller molecules, which can then be
utilized by microbial cells[14]. Many organismsviz.
fungi, bacteria, invertebrates like earthworms play
an important role during composting.

Hundreds of species of fungi are ableto degrade
lignocellulose. There are mainly threetypes of fungi
living on dead wood that preferentially degrade one
or more wood components viz. soft rot fungi, brown
rot fungi and white rot fungi [15]. Soft rot fungi
(Ascomycetes and fungi imperfecti) can efficiently
decompose cellulose but are reported to degrade
lignin slowly and incompletely. The brown rot fungi
(Basidiomycetes) generally exhibit preferencefor the
carbohydrate components of wood with activity
towardsligninlargely confined to demethylation [16,
17]. White rot fungi are capable of degrading both
lignin and cellulose. In mgjority of soils, 80 per cent
of the fungal population belongs to the genera
Aspergillus and Penicillium. However, the most
extensively studied lignocellulolytic fungi are
Trichoderma and Phanerochaete.

Cedllulolytic bacteria are ubiquitous in nature.
Under appropriate conditions bacteria degrade
cellulose and hence many bacteria strainsare known
to solubilize and modify the lignocellulosic structures
extensively. But their ability to mineralize lignin is
limited [18]. Cytophaga. Sporocytophaga are
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dominant cellulolytic microorganismsin all types of
composting processes. Cellulomonas and Cytophaga
are the aerobic mesophilic bacteria able to degrade
cellulose. More than one-half of the Bacillus spp.
examined to date produces extracellular cellulases
[19]. Mesophilic aerobic and anaerobic forms of
Bacillus, B. subtilis B. polymyxa, B. licheniformis,
B. pumilus, B. brevis, B. firmus, B. circulans, B.
megaterium and B. cereus are known to be cellulose
and hemicellulose degraders[20].

Actinomycetes isolated from soil and related
substances show primary biodegradative activity,
secreting a range of extracellular enzymes and
exhibiting the capacity to metabolize recalcitrant
mol ecules. Composting heavily relieson such prolific
actinomycete activity. Thermophilic cellulose
degrading Thermoactinomyces, Sreptomyces and
Thermomonospora were found to be present in dry,
warm land and al so where salt concentrations aretoo
high and soil pH isakaline[21]. From Indian desert
soil of Jodhpur, Rao and Venkateswarlu[22] isolated
Streptomyces, Micromonospora and
Thermoactinomyces. These organisms were found
to depolymerize crystalline celluloses by two
cellulase enzyme systemsand B-glucosidase. Though
actinomycetes can solubilise cellulose and modify
the lignin structure extensively, their ability to
mineralize lignin islimited [23, 24]. Recent reports
suggest therole of Sreptomyces sp. in delignification
of paddy straw [25] which makesit more susceptible
to cellulose degrading enzymes. Actinomycetes
follow a characteristic pattern of lignocellulose
decomposition with the release of lignin rich, water
soluble fragments that are slowly metabolized
thereafter or can be recovered as value added
products [26].

2. Consortium of Microorganismsfor Accelerated
Composting

Though fungi, bacteriaand actinomycetes play unique
and important roles during composting, mixed
cultures of microorganisms enhance the rate of
lignocellulose degradation due to their synergistic
activity through utilization of intermediate
degradation products [27]. At IARI, New Delhi, a

consortium of four fungi has been developed on the
basis of their lignocellulolytic enzyme production
potential [28]. The consortium of four hypercellulo-
Iytic fungal cultures namely Aspergillus nidulans,
Trichoderma viride, Phanerochaete chrysosporium
and Aspergillus awamori was used for composting
of paddy straw in perforated pits. A prototype was
devel oped for preparation of biocaugmented compost
by employing thesefungi by using diverseagricultural
waste e.g., paddy straw, soybean trash, pearl millet,
maize residues and mustard stover effectively [29-
31]. Incorporation of poultry droppings and rock
phosphate (1%0) resulted in generation of N-enriched
phosphocompost within two month of composting.
Thermophilic fungal consortium of A. nidulans,
Scytalidium thermophilum and Humicola sp. was
found highly effective in degradadion of soybean
trash and paddy straw mixture during summer months
[32]. Similarly, a consortium of thermophilic
microorganisms (Scytalidium thermophilum,
Humicola insolens and Sporotrichum ther mophilum)
is also being used at Directorate of Mushroom
Research, Solan for production of compost at high
temperature in tunnels to generate pathogen free
compost within 10 days for mushroom cultivation.
However no efforts have been made for selection of
psychotrophic microbial accelerators for agrowaste
management in temperate and hilly regions. This
becomesimperative as most of the high altitude areas
of India, where biomass generation istremendous due
to rich vegetation and forests, do not have effective
biological toolsfor composting.

3. Compost as Soil Conditioner and Organic
Fertilizer

The application of compost in soil improves soil
physical, biological and chemical properties[33], and
alsorestore soil organic matter and carbon pools[34-
36]. Tremendous information is available on use of
compost in organic farming. Several experiments
were conducted throughout the world to monitor the
effect of compost application on vegetable [34, 37]
fruits [38-40], ornamental crops [41, 42], legumes
and cereal crops [43-45]. Most of the researchers
reported significant benefit in termsof increased crop
yield and better mineral nutrition under integrated
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nutrient management practices[13, 46]. Tartouraand
Youssef [47] reported stimulation of reactive oxygen
species (ROS) scavenging system in squash by
compost supplementation under low temperature
induced oxidative stress. Composts can be further
enriched with minerals (rock phosphate and mica)
and microbial inoculants (N fixers, PSB and K
solubilizing microbes) to enhance the overall quality
of these organomineral fertilizers. The application of
such bi caugmented nutrient enriched compost in soil
leadsto asignificant increaseinthe soil fertility status
(in terms of microbial biomass, N and available P)
enhancingthe overall chemical and biological activity
of soil. The phosphorus and nitrogen enriched
organic residues thus appear as a better alternative
thanthe commercial fertilizer sincetheir low priceis
not only economical but will a so protect the soil from
further deterioration and enrich it with nutrients and
microbial flora. The application of mineral enriched
compost indirectly satisfied the N and P needs of
plantsin nutrient deficient soils. Apart from being a
source of macro and micro nutrients for plants,
compost is also believed to suppress soil-borne
diseases in plants [48]. The exact mechanisms of
disease suppression is not clear but it may involve
antibiotic production by beneficial microorganisms
present in compost, activation of disease-resistant
genesin plants by microorganisms (induced systemic
resistance), improved plant nutrition and vigour
leading to enhanced disease resistance, presence of
toxic or stimulatory volatile compounds in compost
[49].

Investigations have illustrated the potential of
microbe amended composts as biocontrol agents,
which have superior fungicidal potential, indicative
of the utility of compost not only as anutritive source
but also carrier for bioagents [50, 51]. Although
successful biological control by compost has been
lessfrequent in field but suppressiveeffect of compost
on diseases such as damping off, root rots and wilts
caused by Fusarium, Pythium, Phytophthora,
Verticillium and Rhizoctonia have been shown by
various workers [52, 53]. Besides suppressing soil-
borne pathogens, compost has been reported to reduce
the severity of some above ground diseases of plants
[54].

4. Biougmented Compost for Bioremediation of
Contaminated Soil

Besides agriculture, bioaugmented compost isslowly
emerging as novel resourcefor bioremediation of soil
contaminated with heavy metals and organic
pollutants. Various clean-up technologies like air
stripping, incineration and burial of sludge from
contaminated sites in landfills are available but
expensive[55]. Compost when applied to heavy metal
contaminated sites; limit the bioavailability of metals
due to presence of humic substance and iron oxide
aswell asorganicsin composts. In addition, stabilized
organic matter forms complexes with metals and
restricted the mobility of the metals and their
availability for plant absorption [56]. Moreover,
microorganismsinvolved in composting like bacteria
and fungi are capable of accumulating metal ionsin
their cellsby intracellular uptake and can also chelate
metal ions by the carboxyl, hydroxyl or other active
functional groups on cell (including the dead cell)
wall surface. Table 1 summarizes the work carried
out by different workers to investigate the effect of
compost in reducing heavy metal availability in soil
under different cropping systems.

Bioremediation by co-composting is an
economically attractive method for cleaning organic
pollutants like xenobiotic, petroleum products,
polycyclic aromatic hydrocarbons (PAHS) etc.
Microorganisms consume contaminants in soils,
ground and surfacewatersand air. The contaminants
may be degraded using different mechanisms like
mineralization by microbial activity, transformation
to non-toxic products, volatilization, and formation
of humus and inert byproducts, such as carbon
dioxide, water and salts. The critical parameterslike
aeration, C:N ratio and duration for composting
depend on the type of contaminants and waste
materials to be used for composting. The efficiency
of compost in bioremediation is essentially
determined by process parameters like pH,
temperature, C:N ratio, moisture content and
recal citrance of the material to be composted. Bulking
agentslike peat moss, pinewood shavings, branflakes
accelerate composting by favouring the growth of
aerobic microorganisms [66-68]. Bioremediation by
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Table1: The effect of different composts on availability of heavy metalsin soil

Soil amendments Metal (loid) Available Heavy metal Reference
Solid olive husk compost Cr, Ni, Cu Decreased [57]
Rapeseed residues (in-situ composting)  Zn, Cu, Cr Reduction of Cd by 5-14% and Pb by 30-39% [58]

Spent Mushroom Compost Cd, Pb, Ni, Zn >75% reduction [59]

Yard waste compost Cd, Pb Up to 50 % reduction [60]

MSW garden waste compost Cd and Cu >90% Decreased [61]

Humic deposit Cu, Ni, Pb and Zn 15-50% reduction [62]

MWC or biosolid compost, forest litter

Cu, Ni, Pband Zn

MWC or biosolid compost, forest litter Cdand Zn

Cow manure Zn, Cu, Ni, Cd,
Crand Pb

Sewage sludge and bark compost Cu, Pband Zn

25-35% reduction Cd, Cu and >90 % reductionin [63]
Zn concentration

25 % reduction Cu and >90 % reductionin Cd &  [63]
Zn concentration

Zn, Cu, Cr decreased [64]

No effect [65]

application of compost or co-composting is an
economically attractive method for cleaning
petroleum-contaminated soil. PAHSs are often not
fully degradable by a single organism, but are
degraded by consortium of organisms, each carrying
out different degradative steps [69]. Finstein et al.
[70] found that the degradation of ail refinery sludge
achieved after 35 days of moderately thermophilic
composting were comparable with 1280 days of
simulated land farm treatment. Beaudin et al. [71]
studied the composting of hydrocarbon-contaminated
soil with afalfaand mapleleaves and found that after
287 days of composting, 73% of all mineral oilsand
grease had degraded. Heating and forced aeration of
soils was found effective in biodegradation of fuel
oil hydrocarbons in soil [72]. Mature composts
enriched with propane or methane have been used as
biofilters to cleanse air of pollutants like
trichloroethylene with approximate 99% removal
after 96 h of exposure [73]. Mixed populations or
consortium of microorganisms are required to
enhancethe degradation of these complex substances
[74]. Marin[75] tested the efficacy of composting as
a bioremediation technique for reducing the
hydrocarbon content of ail refinery sudgewith atotal
hydrocarbon content (250-300 g kg™) and achieved
60 % degradationin 3 monthswhen composting was
done with bulking agent. Sayara [76] studied the

degradation of several PAHs in soil through
composting and concluded that 89% of thetotal PAHS
were degraded by the end of the composting period
(30 days) compared to the only 29.5% that was
achieved by the soil indigenous microorganisms
without any co-substrate.

M odern xenobioticsused in crop production are
mostly organic compounds that are subjected to
biological decomposition besides physical and
chemical decomposition. Sometimes, lack of readily
decomposabl e organic matter in soil givesinadequate
substrate to stimul ate microorgani smsto decompose
pesticides [77]. The vigorous biological activity
during composting can be used to accelerate the
decomposition of xenobioticsin soil [78]. Strom[79]
noted that pesticide levels in composts were low,
partly because of low initial contamination of
feedstock and because of degradation of pesticides
during composting. Inthe composting of food wastes,
diazinon [O-O-diethyl-O-(2-isopropyl-6-methyl-5-
pyrimidinyl) phosphorothionate] and parathion (O-
O-diethyl-O-4-nitrophenyl phosophorothionate) were
quickly destroyed completely; dieldrin (a
polychlorinated dimethanonaphthal ene) was reduced
substantially, but DDT (di-chloro, di-phenyl, tri-
chloro-ethane) was recalcitrant [80]. BlyUksonmez
et al. [78] noted that the majority of the pesticides
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Table2: Sandards of compost and ver micompost as described in fertilizer control order (1985)

Parameter

Compost

Vermicompost

Moisture per cent by weight
Colour

Odour

Particle size

Bulk density (g/cmd)

Total organic carbon, per cent by weight, minimum

Total nitrogen (as N), per cent by weight, minimum

Total phosphates (as P,O¢), per cent by weight, minimum
Total potash (as K,0), per cent by weight, minimum
C:Nratio

pH

Conductivity (as dsm), not more than

Pathogens

15.

Dark brown to black
Absence of foul odour

Minimum 90% material should
pass through 4.0mm IS sieve

Heavy metal content, (as mg/kg), per cent by weight, maximum

Arsenic (asAs,0,)
Cadmium (as Cd)
Chromium (as Cr)
Copper (as Cu)
Mercury (as Hg)
Nickel (as Ni)
Lead (as Pb)

Zinc (asZn)

0-25.0 15.0-25.0
Dark brown to black
Absence of foul odour

Minimum 90% materia should
pass through 4.0mm IS sieve

<1.0 0.7-0.9
12.0 18.0
0.8 1.0
0.4 0.8
0.4 0.8
20:1 or less -
6.5-7.5 -

4.0 -

Nil -
10.0 10.0
5.0 50.0
50.0 50.0
300.0 -
0.15 0.15
50.0 50.0
100.0 100.0
1000.0 -

detected in feedstocks or composts were
organochlorine insecticides, which were resistant to
biodegradation.

Compost addition has also been reported to
improve degradation of two herbicides [benthiocarb
(S-4-chlorobenzyl diethylthiocarbamate) and MCPA
(4-chloro-2-methyl phenoxyacetic acid)] in soil [81].
Mineralization of atrazine was enhanced by co-
composting with newsprint [82]. Composts|owered
pesticide concentrations to nonhazardous levels for
cropsin soils. However, the intermediates produced
during composting of pesticides are not always non-
toxic and hence caution has to be maintained while
using composts after bioremediation.

5. Fertilizer Control Order and Compost Quality

With the increased commercial production of
compost at large scale, it ishot unusual to encounter
poor quality commercial compost in market. Many
countries are now beginning to routinely publish
compost guidelineswithimplied standardsto control
the sale and export-import of the compost. The
standards for compost are fairly well developed in
Europe, while the rest of the world, including the
United States, lags significantly behind [83]. Till
recently there was no regulatory body or legislation
that existedin Indiato control the quality of biological
inputslike compost, vermicompost, biofertilizersetc.
But now biofertilizers and organic manures are
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covered under FCO 1985 [84]. Table 2 gives a brief
account about the present standardsin India. It should
be noted that the certain metals may present in high
concentration in composts prepared from agro-
industrial residues and municipal solid waste.
Generadly C:Nratioisconsidered asacriteriatojudge
the maturity of compost; several other
microbiological and chemical parametersex. degree
of humification, ratio of humic acid and fulvic acid,
E4/E6ratio and E2/3ratio [85-88] arebeing reported
as sensitive parameters to adjudge the quality of
compost. Since sophisticated instruments are not
available everywhere, FCO has defined the general
guidelines so that small scaleindustries may take-up
composting asasuitable option for bioconversion of
indigenous waste.
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