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ABSTRACT KEYWORDS
Nowadays, composting is the method of choice to reduce and recycle the . Qomp_osti ng
ever increasing organic wastes generated from human activities. The four Microbiological additives,
phases of composting and the factors affecting each phase, particularly Compost maturity,
carbon to nitrogen ratio, temperature, aeration, moisture content and pH Organic wastes;

are critically reviewed. The process of composting is believed dependent Sustainable agriculture.

onthe microbial activities such asbacteria, fungi and actinomycetes under
the stipulated conditions. The inoculation of beneficial microbes in the
compost would further enhance the soil fertility and crop productivity.
However, the interaction between the species of microorganisms is till
unknown. Organic matters are composted into humid substances which
can be used for the promotion of sustainable agriculture. In addition to
plant growth promotion, microbiological additives inoculated compost is
also likely to increase plant stress tolerance and disease suppression
capacity. The completion of decomposition is usually measured based on
the physical appearance of compost, the chemical property of compost
substances, as well as the absence of toxins, noxious odor and pathogenic
microbes. The application of mature compost isof great importance because
direct application of organic matters into the soil may produce toxins and
threaten the ecosystem. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION TO COMPOSTING our ecosystem. Theincineration of organicwastesre-

|eases green house gases such ascarbon dioxide (CO,),

Theincreasesof human popul ation and human ac-
tivitieshave generated alot of organic wastesfrom ag-
ricultural, industrial and municipal sectorsacrossthe
globeannudly. Till to date, landfill and incineration are
the most commonly used methodsfor the disposal of
ever increasing organic wastes. However, thesedis-
posal methods are seriously threatening the health of

methane (CH,) and nitrousoxide (N,O)™. Ontheother
hand, landfill of organic wastesisnot acost effective
approach which might cause pollution to the soil qual-
ity. Furthermore, theland avail ablefor the devel opment
of resdentia, industrid, infrastructural and agricultura
projectsisgetting limited nowadays. Thus, recycling
these bi odegradabl e organi c wastesinto humid sub-
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stancesthat highly useful for agriculture have become
themethod of choiceasitisconsidered aseco-friendly
and sustainable approach.

Organic matter playsanimportant rolefor sustain-
ableagriculturesinceit possessesmany desirableprop-
erties such as high water holding capacity, cation ex-
change capacity, sequestering contaminants (both or-
ganic andinorganic) and other beneficial effectsonthe
physical, chemical and biological characteristics of
s0il23, Somehow, direct gpplication of raw organic mat-
ter tothe soil isnot appropriate dueto the presence of
unknown substances, particularly pathogens, toxic com-
pounds, weed seeds, heavy metals and foul odortY.
These substancesmight changethe ecosystem for plan-
tation. Other metabolites such asammoniacould also
be produced by microflorawhichisnot suitablefor plant
growthl, Therefore, composting isconsidered asthe
most appropriateway to obtain stable organic compo-
sition. Composting isabio-conversion processwhich
convertsorganic wastes such asmanure, udge, fruits,
vegetablesand other food wastesinto an amorphous
dark brownto black colloida humus-like product un-
der theoptimal condition of temperature, moistureand
aeration. Theblack colloidd product isknown ascom-
post which iswidely used asasoil conditioner or or-
ganicfertilizerinagriculture.

FOUR PHASESIN COMPOSTING

The processof composting can becategorizedinto
four phasesinabdl shaped curve Thetemperatureprofile
of thefour phasescomposting: first mesophilic phase (20
—40 °C), thermophilic phase (> 40 °C), second meso-
philic phaseand maturity phaseareillustratedin Figure
1. Initialy, organic wastes are breakdown by microor-
ganismsinto stable organic matterswith theproduction
of carbon dioxide. Theorganic mattersarethen decom-
posed into humid substances. Heet isgenerated during
this phase because of the extensive microbia metabo-
lismandweater isbeing vaporized. Figure2 describesthe
processof compostingin schematic diagram. Thechar-
acteristicsand factorsaffecting thecomposting for each
phasearereviewed criticadly inthefollowing section.

Fir st mesophilic phase
Thefirst mesophilic phaseisdso knownasthepre-
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paratory stage. It initiatesthe decomposition process
and thetemperatureisbetween 20 and 40°C. During
thisphase, the compost pileispredominately colonized
by mesophilic bacteria, fungi and actinomycetesdueto
thesuitability of growing condition such astheambient
temperature, aswell asthe abundance of easily acces-
sblenutrients. Thesemesophiles, especidly mesophilic
bacteriawill initiatethe decomposition processandraise
theinner temperature of compost into thermophilic
phase (40 — 65 °C)>8, Those readily available and
easily decompos ng organic compounds such as sugar
and starch are rapidly decomposed with the produc-
tion of carbon dioxide and other volatile compounds,
humus, organic acidsand other incompl etely oxidized
compounds?.
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Figurel: Temperatureprofileof four phasescomposting. A
isfirst mesophilic phase; B isthermophilic phase; C issec-
ond mesophilicphaseand D ismaturity phase
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Figure2: Schematic diagram of or ganic waste decomposi-
tion tocompost

Approximately, morethan 20 fold increment of mi-
crobia population can be achieved duringthisphase, in
particular mesophilic bacteriabecausethey grow faster
compared to mesophilic fungi and actinomycetes. A
population up to 10*°-10* cfu/g of compost had al-
ways been reported by previousinvestigatorg>6819, A
small number of thermaophilic bacteriaand thermophilic
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fungi could aso bedetected during thisphasd®2, This
phase normally couldlast for 5 - 14 days, and then the
temperature of the compost pile could rise higher than
40°C, dueto the high metabolic activity and exother-
mic processes. Theincrease of temperaturewould bring
the compost pil eentering into thethermophilic phase.

Thermophilicphase

During thermophilic phase, most of theheat-sensible
microorganismsaredther killed or enteredinto thedor-
mant state. Thenoti ceabl e decreasein mesophilic bacte-
rid andfungd popul aionwereobserved, whilethe popu-
lation of actinomyceteswereeither maintained or having
dight decreasein popul ation’®. Asreported by Rebellido
et al. (2008), the popul ation of actinomyceteswas 10%°
cfu/g of compost during thisphasd™?.

Thermophileswill overtakethedecomposition pro-
cessduring thisphase. The high temperature (40 - 65
°C) would ensure the stabilization and pasteuri zation of
compost. Therefore, theincrease of temperature not
only accel eratesthe decomposition of organic wastes,
but a so stabilizesand pasteurizesthecompost pilefrom
pathogenic microorganisms. Besides, the hightempera:
tureal so promotes the degradation of recalcitrant or-
ganic compoundssuch aslignocel luloses™. Asshown
by Tomati et al. (1995), about 70% of ligninwas de-
graded at theend of thethermophilic phaseif thetem-
perature was maintained around 50 °C™*3. Some mi-
croorganismscould alsoincreasetheavail ability of or-
ganic elements such ascarbon (C), nitrogen (N) and
phosphate (P), aswell asinorganic mineralssuch as
magnesium (Mg), zinc (Zn), cuprum (Cu) and Manga
nese (Mn)3, Thermophilic phaseshal bemaintained
for morethan three daysfor efficient composting!*4.
However, thetemperaturehigher than 70°C might dow
down the decomposition process, snceonly afew spe-
ciesof thermophilesare metabolicaly activeinthis
range®®™. Hence, adequate aeration isnecessary during
thermophilic phasein order to control thetemperature
between 55 and 65 °C, whichisa so thedesirabletem-
peraturerangefor eiminating most of thethermo-sen-
sibleplant and human pathogeng¢l.

Itisimportant to notethat both thermophilic bacte-
rid and fungal populations are observed to have steep
increaseduring thermophilic phasd®. Thethermophilic
bacteriawerefound to beinthepopulation rangingfrom
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108 to 10°cfu/g of compost. However, the population
of fungi never reach 10°cfu/g of compost throughout
thisphasa*.

Second mesophilicphase

After thethermophilic phase, the temperature of
compost pileisdropped to themesophilic stage, where
there-establishment of heat resistant mesophilessuch
asbacillusspecies, fungi, yeast and actinomyceteswill
be observed. Theincrease of bacterid and fungd popu-
lation was detected, but only to thelimited number of
population. Davis et al. (1992), Goyal et al. (2005)
and Rebellido et al. (2008) reported that gpproximately
up to 40 % of bacteriaand fungi were survived after
thermophilic phase. Thefinding explainsthat most of
the heat-sens ble microorganismsare destroyed during
thermaphilic phasg®1%17, Probably, actinomycetesare
ableto withstand the adverse condition during thermo-
philic phase, thereforether population areeither main-
tained or dightly dropped after thermophilic phasg®19.

In this second mesophilic phase, which is also
known asthe cooling phase, both actinomycetes and
fungi play important rolein the degradation of there-
maining reca citrant organic matters. They degrademac-
romoleculessuch ascellulose, hemicdlulose, ligninand
chitin and re-colonizethe compost pile, particularly at
thelatter stage of the phase. Thedegradationiscrucia
for therelease of inorganic nutrientsand humusforma-
tion8108 Thisexplainsthe mgjor population of acti-
nomycetesin the compost pileafter the second meso-
philic phase. Therefore, it could beanindicator for com-
post maturity!*¥, In contradictionto theactinomycetes
popul ation, the popul ation of bacteriaremainsconstant
until compost maturity isreached.

The second mesophilic phase might be prolonged
with theformation of newly synthesized, more stable
products and humid substances. This phaseis aso
known asmaturity phasewith thesignificant reduction
of heat in compost pile (ambient temperature). The
composted materialsare usually lacking of toxic sub-
stances such as phenolsand anmonia, detrimental mi-
crobes and noxious odor.

FACTORSAFFECTING COMPOSTING
A successful composting processisdependent upon
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variousfactors, namely carbon to nitrogen (C:N) ratio,
temperature, oxygenation, microbia activities, particle
size, moisture content and pH. A C:N ratio describes
thenutritional balance of acomposting process. Since
compogtingishighly dependent upon theactivity of mi-
croorganisms, it isnecessary to supply themicroorgan-
ismswith adequate carbon and nitrogen sources. Be-
Sidesasan essentia energy source, carbonisalsothe
main buildingblock of cdlular materid. Whilenitrogen
isthemajor constituent of amino acids, nucleic acids,
cdl proteins, enzymesand co-enzymeswhichisrequired
for proper cell functiond”. Itisnoteworthy tomaintain
theinitial C:N ratio intherange of 25 and 35for high
guality compost!*4*9, The C:N ratio of common or-
ganic materialsthat usually employed for composting
such as 34-85 for leaves, 80-145 for wood materials,
5-25for manureand 12 for organic municipa wastes
has been reported by Shilev et al. (2007)17.

Thehigher C:Nratio (>40) islikdly toimmobilize
theavailability of nitrogenin compost and directly dow
down the decomposition rate??. Microorganismsneed
to go through many life-cyclesin order to oxidize of f
theexcessivecarbon until reachthedesirable C:N ratio
for metabolism. Thus, high C:N ratio would increase
the composting time*¥. However, thelow C:N ratio (<
25) might lead to the nitrogen | ossin the compost pile
through ammoniavolatilization, which could asodow
down the composting process**°. Thisphenomenon
usually occursin compost pilewith high temperature
and pH vaue. Itisd soacommon practiceto add dudge
for the compost with high C:N ratio. The addition of
sludge is to increase the nitrogen availability for
composting.

Ashighlighted, the temperature of compostisan
essential parameter for the determination of compost
qudity. Theincrease of temperatureinthethermophilic
phase is dueto the exothermic process and the high
metabolic activity of microorganisms. Therefore, the
temperature profile of compost strongly affectstherate
of composting. High compostingrateinconjunctionwith
satisfactory microbia number and microbial activities,
aswel| asadequate aeration and moisture content are
likely to be getting high quality of compost. Figure 3
indicatesthetemperature profileduring compostingwith
thegpplication of aeration at interval time.

Composting can be performed elther in agrobic or
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in anaerobic system. In an aerobic decomposition (18
- 30% oxygenlevd), theprocess of composting isfaster
and does not producefoul odor™. Thisisbecause oxy-
genisused by microorganismsasatermina electron
acceptor for aerobic respiration and decomposition. An
oxygen level below 18 % might delay the process of
decomposition and causefoul odor incompost pil €49,
However, the excess of oxygen content wasreported
to haveno significant effect on the composting.

80
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Figure 3: Temperature profile of compost by aeration at
interval day

Therateof oxygen consumptionishighly relaedto
thetemperature of compost pile. Thetemperature of
compost in the range of 30 and 55 °C would enhance
themicrobid metabolism, and thusincreas ngthe oxy-
gen consumption rate?. Theagerobic decompositionis
preferablebecauseof itsefficiency toachievehightem-
peraturein short period of time (lessthanaweek). An
anaerobi c decompositionismostly conducted only if
under theminima manpower operationl¥,

The oxygen content in the compost pile could be
mai ntai ned by periodi c aeration such ascontinuousturn-
ing or forced ventilation*¥. The continuousturning of
compost pilewas reported to be cost ineffectiveand
might also interferewith the growth of some microor-
ganismssuch asfilamentousfungi*®. Therefore, con-
tinuousforced ventilation by blowing or vacuuminduc-
tionisaways conducted for an aerobic decomposi-
tion.

Particle sizeof the compost starting materialsalso
affectsthemovement of oxygenintothepile. A smaller
particlesizeof starting materialsincreasesthe surface
areaavailablefor microbia attack which accelerates
the composting process and vice versa, However,
smdll particlestend to pack tightly together and prevent
themovement of air into the pile and the movement of
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carbon dioxide out from the pilé*4. Therefore, larger
starting material sareusudly chopped or shredded into
smaller size, whilesmaller sarting materia sareused
together with other bulking agents such aswood chips
or treebark with the particle sizearound 10 - 50 mm
for better agration.

Indeed, moisture content and aeration are corre-
lated during composting. Theexcessof water interferes
the oxygen accessibility, whiletoo little of water can
cause early dehydration, inwhich thediffusion of sub-
drateandbiologica processarehindered. Subsequently,
the decomposition processisd owing downand giving
a physically stable but biologically unstable com-
post*#22, A moisture content of 40 - 60 % was sug-
gested at the beginning of composting?. Somehow,
the compost needsto bedried for storage purpose, but
only after the maturity phase of compost isachieved.

Thereisno specific pH requirement for composting
g ncethose organi c wastesthat suitablefor composting
are having awiderange of pH from 5to 12122, How-
ever, the pH range between 5 to 8 was proposed by
Bertoldi et al. (1983) as the optimum pH for
compogting. It wasreported that bacteriaprefer innearly
neutral pH, whilefungi developed better inafarly acidic
environment. Thechange of pH during compostingis
dependent on the microbia metabolism!*¥. A decrease
inpH will be noticed when organic acidsare produced
from the decomposition of carbohydratesand lipids,
whereasthe pH valuewill increase when the produc-
tion of ammoniaisobserved becauseof protein deami-
nation.

MICROBIAL PROFILE OF COMPOSTING

Composting isknown asamicrobia process, par-
ticularly involving the activities of bacteria, actino-
mycetes, yeasts and fungi™*°%. Thesemicroorganisms
arewidespread in nature and indigenousto soil, dust,
fruitsand vegetables. Themicrobid diversity and the
succession of microbia populationsisaprerequisiteto
ensurethe compl ete biodegradation of organic wastes,
especidly thefirst three stages of composting. Thisis
because of the complexity of substrates and the pro-
duction of many intermediate products during
composting. Thegrowth of microorganismsareaways
restricted by theenvironmental and nutritional condi-
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tiond?!. For instance, temperaturewasfound to bethe
mgor parameter influencingthemicrobia population,
diversity and metabolism rate throughout this pro-
cess1%%l, Themicrobial profile can be used not only
for monitoring the progress of composting, but dsore-
flecting the compost maturity with the detection of spe-
cific microorganism, namely Arthrobacter sp.2l.

Bacteria

Bacteriahavesmaler physical size(0.5- 3.0 um)
and thusproducing higher surfaceto volumeratio com-
pared to fungi and actinomycetes. They have advan-
tagesin the col onization of compost pileby allowing
rapid transfer of solublesubstratesinto thecells?. The
rapid growth rate of bacteriaon soluble proteinsand
other readily available substrates a so allowed themto
dominatethe col onization of compost pileintheearly
stage of composting®!. Moreover, the capacity of bac-
teria produces extracellular hydrolytic enzymes to
breakdown the complex polymerssuch as polysaccha
rides, nucleic acidsand lipids a so making Bacillusto
be dominant throughout the composting process. Some
bacteriasuch as Bacillus spp. are ableto produceen-
dosporeswhich allow them to be dormant under the
harsh environment of high temperature, radiation and
chemical disinfection®.

A widerangeof bacteriaspecieshasbeenisolated
from different compost environments including
Pseudomonas, Cohnella, Cellulomonas,
Paenibacillusand Bacillug®31, Among them, Bacil-
|us dominatesthe col onization of compost pile, espe-
cidly during thethermophilic phasg®?. It wasfound that
87 % of randomly colony sampleswasbelong to the
genusof Bacillusunder the speciesof B. licheniformis,
B. subtilis, B. coagulans type B, B.
stearothermophilus, and B. sphaericus. Besides Ba-
cillus, the other species such as Cohnella,
Thermotogae and Ther mus species were al so found
likely to besustained at high temperaturefor morethan
7000[27,30] .

Fungi

Fungi are aerobic chemoorganotrophsthat secret-
ingextrace lular enzymesto digest complex organicma:
terialssuch as polysaccharides and proteinsinto their
monomeric constituentd®!. Themajor ecological ac-
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tivity of fungi isto decomposewoods, papers, cloths
and other recd citrant organic matterssuch ashemicel -
lulose, celluloseand lignin??, Thedegradationisusu-
aly performed by fungi such as Aspergillusfumigatus,
Malbranchea cinnamomea, Ganoderma colossum
and Heterobasidion annosumin the compost.

Asbacteria, the growth of fungi in compostingis
affected by thefactors of temperature, moisture con-
tent and pH. Fungi requiresacidic environment (pH 4.5
—5.0) to grow, although most of them can tolerate to a
widerangeof pH; lessthan pH 7.5127%%1, Since most
of thefungi are mesophiles, they can grow at thetem-
perature of 5to 37 °C, with an optimal range of 25and
30°C?"34, The detected mesophilic fungi population
within thefirst mesophilic phaseisawayslow. Thelow
population of mesophilic fungi, 10°to 107 cfu/g of com-
post isdueto the high water content at the beginning of
composting. Evenafter themicrobid proliferation phase,
apopulation of greater than 10° cfu/g of compost was
not observed>8173, The microbia number of meso-
philicfungi isawaysreestablished at theend of cooling
phase and the maturity phasg®12,

For thermophilicfungi, they areableto sustain at
high temperature during the thermophilic phase. The
growth of thermophilic fungi isoptimum between 40
and 50 °C with the upper temperature limit of 55— 62
°Cl229, Thedeclineinthefungi population hasaways
been observed when the compost reaches the upper
limit of temperature.

Actinomycetes

Actinomycetes are considered asahigher form of
bacteriathat cons sted of multicellular filaments. They
arecommoninmany environmentsand ableto utilizea
wider range of carbon sourcesin order to sporulate
prolifically dueto their ubiquity!®. In contradiction to
fungi and bacteria, therelatively low rate of coloniza-
tion hasrestricted the growth of actinomycetes during
composting. Thelow colonization rateissignificantly
observed a the beginning of composting and are usu-
aly colonized upto 15 cmindiameter on the surface of
an adequately ventilated material 9.

Similarly, actinomycetesalso secreteawiderange
of extracdllular enzymesto degradecelluloseand lig-
nin. Their degradation capacity for lignocellulosewas
found to belower than fungi. However, actinomycetes
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are considered asthe main group of microorganisms
responsiblefor organic matter conversion during ther-
mophilic phase, aswdl asthelaiter phaseof composting.
Thisisbecauseactinomycetesareableto sustaininthe
harsh environment®#, Although theided growthtem-
peratureof actinomycetesiswithinthemesophilicrange,
some speci es of actinomycetes can withstand at high
temperature during thermophilic phase, and even be-
come moreactivewhen thetemeperatureisapproach-
ing to 60 °Cl*837, Thisobservation could also be hap-
pened during the condition of nutrient depletion.

Microbiological additiveand itsapplication

In order to speed up the composting rate, the addi-
tionof beneficid microbid inoculantsand/or earthworms
isaways proposed. Thechemicd additivessuch asni-
trogen and phosphorus, and plant growth regulators
suchaskinetin, indole-3-aceticacidand glibberdlinacid
were al so found to be beneficial to the compost!¥.

Themicrobia inoculantswhich arealsoknown as
microbiological additivesarelikely to acceleratethe
composting process by increasing the decomposition
rate, especialy with theinoculation of cellulolyticand
lignoolytic microorganismg®). Asreported by Medina
et al. (2004), the decomposition of agrowastes was
improved when some selected beneficial microbial in-
oculants (arbuscular mycorrhizafungi, Y. lipolytical,
Rhizobium p.) areinocul ated together with the origi-
nally presented funga speciesof A. niger insugar beet
and dry olive cakewaste materid 4. Theavailability
of both organic and inorganic plant nutrientswerere-
ported to beincreased, in addition to the enhancement
of soil fertility interm of biochemica and biologicd char-
acterigtics.

Sasaki et al. (2006) d so highlighted the successive
effectsof commercial microbiologica additiveonthe
composting of beef manure“!. The beef manurewas
likely to havehigher microbid population and faster tem-
peratureincrement rateat the beginning of composting.
Besides, thereductioninammoniaemissonand nitrate
production were al so reported in the microbiol ogical
additiveinoculated compost. Thereduction was con-
tributed by the constructive metabolism of microorgan-
ismsthrough the process of ammoniaassmilation, in-
stead of nitrification.

The positiveeffect of compost waslikdy to befur-
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ther improved if beneficid microorganismswereinocu-
lated together with the compost. Meunchang et al.
(2006) reported the enhancement of plant growth for
tomato (Lycopersicon esculentumL.) when sugar mill
by-products compost wasinocul ated with the nitrogen
fixing bacteria*d. Hameedaet al. (2006) showed the
growth of pearl millet (PennisetumglaucumL.) for
88%, 83% and 82% when Serratia marcescensEB67
inoculated ricestraw compogt, Gliricidiavermicompost
and Pseudomonas sp. CDB 35 inoculated Gliricidia
vermicompost were applied, respectively*d. Perner et
al. (2007) also highlighted the increasein buds and
flower numbers of pelargonium (Pelargonium
peltatumL’Her.) when three mycorrhizal inocula (Terra
Vital Hortimix, Endorize-Mix andAMY kor) werein-
oculated into compost separatelyi*4.,

At present, there are approximately 100 types of
commercia microbiological additiveswidely used for
deodorization and accel eration of compostingin Ja-
pan“l, However, thelack of scientificresearchandin-
vestigation, their performance on plant growth at dif-
ferent locationsremainsasamajor challenge, interms
of efficacy and cong stency. Theperformancecould vary
duetothevariancein soil fertility, microbe composi-
tion, plant type, and climate change. Effectivemicroor-
ganisms(EM) isacommercia microbid inoculafirstly
proposed by Professor Teruo Higafrom University of
Ryukyus, Okinawa, Japanin 199119, Itisamixed cul-
ture of beneficiad and naturally occurring microorgan-
ismswhich morethan 80 microorganismsislivingin
synchronization including predominant popul ations of
lactic acid bacteriaand yeasts, small numbersof acti-
nomycetes, photosynthetic bacteriaand other minor
group of organismg“4. Recently, EM hasbecomeone
of themost well known microorganism additivesin Ja
pan because of its effectivenessasamicrobial booster
for organicwastedegradationin composting. It hasbeen
widely used for soil and crop management practices
such ascrop rotation, use of organic amendment, con-
servationtillage, crop residuerecycling and bio-control
of pests.

Thecommercial EM isneeded to be activated be-
foreused. Activation can be performed by theaddition
of molassesand incubated at ambient temperature until
the pH of EM solution reaches around pH 3 to 41491,
Kengo and Xu (2001) reported that thelower pH vaue
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would producehigher microbid activity toincreasemi-
crobia persistencein EM inocul ated composti“”.

Itisinitidly prepared for agricultura industry toen-
hancethe productivity of organic or naturefarming. For
instance, the production of papayain Vietham*, pea-
nut in Chinad“*, vegetables in New Zealand®® and
applesin Japan’®l, Nowadays, its potential applica-
tionsin other sectorsare being discovered. The appli-
cation of EM hasbeen expanded and showed successful
effectson animal husbandry, gardening and landscap-
ing, wastetreatment or composting, bioremediation,
agd control, aquacultureand household uses. EM has
been proven to effectively control or suppress pests,
pathogens and diseases on plants. Pham and Nguyen
(2010) reported that the reduction of diseaseinfection
in papayaby Anthracnose, powdery mildew, papaya
mosai ¢ and ringspot diseaseswith the use of EM .,
Zimmermann and Kamukuenjandje (2008) showed the
control of red spider miteattack intomato!>?.

Besidesthe promoting effect of EM on crop pro-
duction and being as a bio-control agent, the use of
EM asaninoculantsin compost isaso likely to in-
creasethe decomposition rate of organic materials, as
well asto reduce the unpleasant odors during waste
water treatment. Thereduction of biological oxygen
demand, chemica oxygen demand and ammoniacon-
tent were a so reported in the swine waste manage-
ment in Kored® and wastes management in Egypt>4.
Moreover, Kengo and Xu (2001) also highlighted the
increasein eectrica conductivity, humid substancesand
metabolites such asantioxidants, organic acids, nucleic
acids, enzymesand mineralsin EM-treated soil and
composti,

COMPOST ASBIO-FERTILIZER

Besdesorganic wasterecycling or bio-remediation,
composting has become an attractive way to produce
bio-fertilizer. Theintroduction of compost ashio-fertil-
izer offersadvantagesfor the promotion of sustainable
s0il hedlthand crop production. Thepromotionismainly
duetotheincreaseof e ementd nutrientsin soil®¥. The
nutrients might be plant hormones or phytoharmones
which are usually present in small quantity. The
phytoharmones such asindole-3-acetic acid, cytoki-
nin, gibberdlinand 5-aminolevulinicacidarewd | known
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asplant growth promoting metabolites. Indole-3-ace-
tic acid and cytokinin had been reported to beextracted
fromtheleachateof compaost inmany investigationg®>",
It isbelieved that these metabolites are produced by
the microorganismsviathe process of composting® .
These metabolitesare a so of great importancefor the
other physiological processesincluding stomatal move-
ment, plant cell differentiation and devel opment.

Thebeneficial effect of compost onthe growth of
cucumber, and thegermination and the early growth of
four switch grass popul ation had been observed after
theintroduction of composted humid substances®. The
ggnificant increasein plant height, biomass, chlorophyll
content and photosynthetic rate and nitrogen content in
plant leaveswas al so reported with the application of
sewage sludge compost®d. The growth of lettuce
(Lactuca sativa L.) had also been noticed with the
gpplication of sugarcane bagasses sewage d udgebased
compost’®®, Recently, the advantages of compost is
being recognized since the application of chemical fer-
tilizer oftenleadsto high cost, environmenta pollution
and depletion of soil organic matter.

Unlike chemical fertilizer and pesticides, compost
causesno harmto the environment. It replenishesthe
soil nutrient content and improvesthe soil fertility. Be-
Sdes, compost a so increasesthe buffering capacity of
soil, particularly increasing the plant resi stancetowards
acidic pH environment®. As reported by Marosz
(2012), the growth of plants (Acer platanoides,
Fraxinus excelsior, Robinia pseudoacacia, Cornus
alba, Spiraea vanhouttei) could be better if green
waste compost were gpplied even under saline stress,
especialy with arbuscular mycorrhizainoculation(®, It
isnoteworthy that the useof greenwaste compost would
also increasethe potassi um and sodium uptake by the
plants.

Indeed, themature compost iscarrying millionsof
microorganisms, whichformsatightly knitted soil food
web and creates natural immune system for the plants.
Thesystemislikely to benatural predator against most
of the plant diseases®. Significantly, the useof dudge
compost had suppressed Fusariumwilt of cucumber
dueto the presence of fungus, Fusariumoxysporuni®,
Thegrowthinhibition of coomycete plant pathogensby
the chitin waste based compost from two-phase
composting wasdueto theincreaseintotal Gram-posi-
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tivebacteriapopul ation®. Thereduction of black mold
diseasein onion was observed when the onion seeds
weretreated with sunflower compost(®.

The stress tolerance and disease suppression of
plantsareof great importancefor high productivity of
crop, snceworld populaionisintheincreasing trend.
Besides plant growth promotion, compost could in-
crease plant resistance towards stresses and di seases
dueto theinfection. Plant stressisahighly unpredict-
ablefluctuationwhich can be categorizedinto abiotic
and biotic stresses. Abiotic stressincludesextremetem-
perature, drought, flood, poor edaphic conditionssuch
asrock content, pH, high radiation, compaction and
contamination, whereasbiotic stressindudesthosedam-
age because of the presence of other living organisms
such asbacteria, viruses, fungi, parasites, harmful in-
sectsand weeds. Plant stressmight disrupt theequilib-
rium and regular metabolic pattern of plant that resulted
ininjury, disease or aberrant physiology™®.

DETERMINATION OF COMPOST
MATURITY

Thegpplication of immaturecompost canbeaprob-
lem to the ecosystem. Thisisbecausefurther decom-
position insoil caninduce anaerobic condition, which
theavailable oxygenin soil poresisuitilized by micro-
organisms. Thisphenomenon might deprive plant roots
of oxygen, and leading to the generation of H,Sand
NO, ™. Therefore, the completeness of compostingis
crucia to ensurethe stability and maturity of compost
for agriculturd gpplication.

The maturity of compost can be determined by
theresistance of compost to further biologically bregk-
downinto smaller metabolites. Thiscan be measured
based on therate of microbial activitiesin the com-
post. Themicrobid activity isusudly evaluated by usng
respirometric measurement or by studying thetrans-
formation of chemical properties of compost sub-
stanced™. On the other hand, the maturity of com-
post can also be determined by the degree of phyto-
toxic organic compound decomposition during the
active composting phase. The absence of pathogens
and viable weed seedsisalwaysreferred to the com-
pletenessin decomposition. Somebiological methods
such as seed germination tests and plant growth bio-
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assays are also used for the compost maturity evalua-
tion.

Thereisno single parameter can be used to de-
terminethe stability and maturity of compost. Itisa-
ways referred to compost that lacking of toxins and
detrimental bacteria, fungi and noxiousodor. Mature
compost al so has stable nutrient composition, more
homogenous and uniformly dark brown or black in
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color. The maturity phase of compost is always ac-
companied with noticeable reduction in heat*™. Cur-
rently, therewere numerous methods being devel oped
to assess the compost maturity such as C:N ratio,
moisture, formation of humid substance, production
of odor and stability of organic matters. TABLE 1
showsthelist of parameters commonly used to eva u-
atethe maturity of compost.

TABLE 1: Common par ameter sand their optimum valuesfor maturecompost

Parameter Optimum range for matur e compost References
C:N ratio 10-15 Bary et al. (2002)
pH 65-75 Bary et al. (2002)
Organic substance 40-60 % Bary et al. (2002)
Odor Odorless (dight ‘earthy’ and inoffensive smell) Bary et al. (2002)
Electrical conductivity 0-4dSm* Bary et al. (2002)
Moisture 15 25% oy e 2{';12'?%2)7)
Color Dark brown to black (Humid substances) Ahmad et al. (2007)
Texture Crumby (Particlesis decomposed into smaller size) Ahmad et al. (2007)
Nitrogen 1-3% Ahmad et al. (2007)
Phosphorus 05-1% Ahmad et al. (2007)
Potassium 1-15% Ahmead et al. (2007)

CONCLUSION

Thelimited naturd resourcesdl over theworld have
increased theawarenessfor wastes recycling for sus-
tainableagriculture. Composting isthe effectiveway of
degrading organic wastesand transforming theminto
humid substances asbio-fertilizer. The application of
mature compost not only increases soil nutrient and
beneficid microbid population, but al o promotesplant
growth and diseases suppression. The application of
microbiologica additiveinoculated compostislikely to
exhibit persuasiveresultscompared to thedirect use of
organicwastes. Themicroorganismin maturecompost
could persist insoil for longer period of timeand colo-
nizemoreaggressiveintherhizosphere,
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