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ABSTRACT

To overcome the problem of disposal of bagasse, a popular method of
composting called NADEP method in its modified form was used in the
study. The study was done by making brick-walled tanks and taking three
types of treatments having different proportions of bagasse with cow dung,
rice straw and soil. The study was done for 105 days on the basis of com-
post maturity parametersliketemperature, C/N ratio, total microbial popula-
tion, moisture content and pH. The treatment which contained bagasse
with cow dung (B2) intheratio of 1:2 achieved maturity comparatively fast
with a sharp decrease in C/N ratio in 15 to 30 days. This reflects that cow
dung itself is a good microbial inoculant. The compost so prepared can be
used as a growing medium for crops. In this way NADEP method was
standardized on small scaleto be used individually by any farmer or person
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of low economic status.

INTRODUCTION

Inthewake of the Green Revolution, our agricul-
turehasbecomeheavily rdiant onfertilizersand chemi-
cas. Throughtheir use, increased pollution of soil, wa
ter and environment hasresulted in hedth hazards. Con-
sequently, in Organic Farming, theuseof fertilizersand
chemicdsisprohibited. Quality compost whenincor-
porated into the soil would improveitsphysica char-
acteristicsand thusenhance chemical and biological
activitiesleading to higher soil fertility 6712, Theagri-
cultural soil inthe country isalso gradually losingits
productivity because of theirrationa/uncontrolled use
of chemical fertilizerd? 8. Thishassmashed thenatura
microbia florain soil. Thishas caused atotal |oss of
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ecologicd poiseandunlessasolutionisfoundintime, it
may lead to anirremediableloss of soil fertility. The
situation can be remedied effectively by means of or-
ganicfertilizersand insect repellantsin place of chemi-
cd fertilizersand insecticides. Many farmershavered -
ized thisand are switching over to organic farming.
Composting isadynamic processwhichwill occur
swiftly or gradually, depending upon the processused
andtheskill and techniquewithwhichitisexecuted. A
neglected pileof organic wastewill inevitably decom-
pose, but owly. Thishasbeenreferred to as“passive
composting” because little maintenance is performed.
Fast or “active” composting can be accomplished in
two to six weeks. Thismethod requiresthree key ac-
tivities: aeration, proper moisture content, and proper
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carbon to nitrogen (C/N) ratio. The composting pro-
cessiscurrently viewed primarily asawaste manage-
ment method to alleviate organic waste, such as ma-
nure, yard trimmings, municipal biosolids, and organic
urban wastes. The stabilized end-product (compost) is
widely used asasoil amendment to perk up soil struc-
ture, provide plant nutrients, and assist therevegetation
of disturbed or eroded soil. Compostscan assistinag-
ricultural crop production by improving soil physical
properties, such as by lowering bulk density and in-
creasing water holding capacity!3.

Bagasseisafibrousresidue of Sugarcane stalks
left over after the crushing and extraction of thejuice. A
sugar factory produces nearly 30% of bagasse out of
itstotal crushing. Many research effortshave attempted
to make use of bagasse asarenewablefeedstock for
power generation and for the production of bio-based
materias. Thisby-product iscommonly burnt or used
by the sugar factoriesasafue for theboilers. Thelow
caorific valueof bagasse makesthisalow efficiency
process. Also, the sugar cane mill management encoun-
tersproblemsvis-a-vis convention of “clean air”” from
the Environmental Protection Agency, duetotheemi-
nence of the smokereleased in theatmosphere. Pres-
ently 85% of bagasse productionisburnt. Even so, the
excess bagasseis deposited on empty fieldsaltering
the landscape which causesimpairment to soil fertility
and environment. Composting anatura biological pro-
cessisthecontrolled decay of organic matter inawarm
moi st environment by action of bacteria, fungi and other
organisms?.

Bagasseisbroken down dowly by theindigenous
microorganismsoriginaly presentinit, even with the
entireenvironmenta conditionsmaintained at an opti-
mum level, because of the unfavorable C/N ratio and
the high content of lignocedllulose. Bagassemay beused
incompogting if itisfirst shredded, enriched with other
substances. Direct incorporation of raw agro-industrial
wasteinto the soil may causedetrimental effects such
asphytotoxicity and soil nitrogenimmobilization. The
main am of thisstudy wasto study compost formation
of Bagasse by NADEP method under various condi-
tions; Physico-chemical analysisof bagasse (total or-
ganic carbon, total nitrogen, C/N ratio, moisture con-
tent and temperature); and to study thechangein tota
microbid population during composting.
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MATERIALSAND METHODS

Bagassewascollected from asugar mill (Kichcha,
Udham Singh Nagar, India), cow dung and surface soil
from University farm, and rice straw from dairy farm
(Nagla, University farm). Bagasseand ricestraw were
chopped into lengths of about 3-6 cm beforemixing.

A tallored method of making compost called
NADEP method was used inthis study*8 19, For this,
four tanksof same sizewere prepared whichweremade
up of bricks. Thetankswere prepared in such aman-
ner that thefreeair spaces should bethere. Thetanks
were set asidein aPolyhousein the College of Basic
Sciences and Humanities (at GB. Pant University of
Agriculture and Technol ogy, Pantnagar, India). Apt
shadow and aeration was maintained there. At the bot-
tom of each tank a 2.5 cm layer of slurry (cow
dung+soil+water) was spread asbedding materid fol-
lowed by bagassewith other materids. Thelayering of
bagasse with other materialsi.e. rice straw, cow dung
or soil wasdonein an appropriate manner. For this, the
experiment wasdivided into different treatments de-
pending onthedifferent patterns of layering as shown
intheTABLE. Therewerethreetreatments (B1, B2,
and B3) and one control in the experiment. Thetotal
biomasstaken in each treatment was 5 kg.

TABLE 1: Treatment layout for composting

Treatments Symbol Compositon Ratio
1 Bl Bagasset+Cowdung+Sail 1:21

2 B2 Bagasset+Cowdung 1.2
3 B3 BagassetCowdung+Ricestrav 1:2:1
Control C  Cowdung+Rice straw+Soil 1:2:1

Composite samplesweretaken at five symmetrical
locationsin each pile. The sampling of treetmentsand
control was made weekly for temperature and mois-
ture content. Tota organic carbon, total nitrogen, total
microbial population, and pH wereanayzed at every
15 days. Moisture content was estimated by drying the
samplesat 105°C inanovenfor 24 hrg®l. ThepH was
determined onawater extract from compost using com-
post to water ratio of 1:5 by weight!*®l. Temperature
was recorded daily equally in the morning (9A.M.)
and evening (5 PM.) at 10 cm depthin compost pile
using thermometer specifically designed for measuring
temperature and the data obtained are the means of
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both theva uesweekly. The organic matter (OM) con-
tent of compost samplewasanayzed by weight [osson
ignition at 430°C for 24 h. For this, samplewaskeptin
ovenat 105°C for 48 hrs. After this, the dry weight of
sample was taken. Then sample was further kept in
mufflefurnacea 430°Cfor 24 hrs. Thenfind dry weight
was measured. Total organic carbon (TOC) was cal-
culated from organic matter™. Total Nitrogenwas es-
timated by the ‘Micro-kjeldahl” method®. The C/N
ratio of the compost samplewas determined by esti-
mating theva ues of total organic carbon (TOC) and
total nitrogen and then dividing TOC by totd nitrogen.

Thetotal microbial population was estimated by
Plate Count Method). The mediaused in thisexperi-
ment was Nutrient agar (Beef extract, 3.0 g; Peptone,
5.0g; Agar, 20.0 g; distilled water, 1litre[pH, 7.0]).
Theincubation temperatureswere 37°C for mesophilic
growth and 65°C for thermophilic growth. Theincuba-
tiontimewas 24 h for both types of microorganisms.
All theexperimentswere conducted intriplicates and
datawerestored in Microsoft Excel. Completely ran-
domized design (CRD) with two or threefactorswas
used. Datawas stati stically anadlyzed using programme
Stpr2 and Stpri5.

RESULTSAND DISCUSSION

Evaluation of stability and maturity parameters
Variationin pH

Initially the pH waslow (acidic) inall treatments
dueto acidic nature of bagasse. But asthe experiment
proceeded, pH increased slowly and after that it be-
came neutral and then got stabilized (Figure 1). The
reason behind thiscould bethat in the early stages of
the composting, organic acidswere accumulated asa
by-product of thedigestion of organic matter by bacte-
riaand fungi™¥. Theresulting drop in pH encourages
thegrowth of fungi, which are activein the decomposi-
tionof ligninand cellulose. Usudlly, the organic acids
breakdown further during the composting process, and
the pH rises. This may be caused by two processes
that occurred during thethermophilic phase: decompo-
sition and volatilization of organic acidsand rel ease of
ammoniaby microbesasthey break proteinsand other
organic nitrogen sources. Later inthe composting pro-
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cess, thepH becameneutrd astheammoniawaseither
lost to the atmosphere or incorporated into new micro-
bial growth. Finished compost had apH between 6
and 8171,
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Figurel: Variationin pH of composting material over time

Temper aturefluctuation during the experiment

Results show that therewasasuddenincreasein
temperature (40 to 55°C) in 7 to 35 daysand after then
temperature started decreasing slowly and reached to
about 28-29°C after 105 days (Figure2). Thissudden
increasein temperature may be dueto intense micro-
bid activity*". Temperatureisanimportant parameter
indicating therate of composting processand compost
maturity™, Temperature profilesfor different treetments
attained the optimal temperature for effective
composting of 50-60°Ci?°l, The thermophilic phase
garted inthevicinity of thebeginning of thecomposting
process. Thetemperatureof all treatments decreased
speedily to <40°C between 50 to 60 days and contin-
ued to decreaseat asnail’s pace to ambient at 90 days.

Temperature {°C)

2

07 14 21 28 35 42 49 56 63 70 77 84 91 98 105

Compost age {days)
®B1 =B %83 ®CONTROL
Figure2: Temperaturefluctuation in compost matrix with
time
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No mixingandlarger pilesmay havekept thetempera-
turehigher for alonger time.

M oistur e content

Moisture content playsacrucid roleintheprocess
of composting™. Therewasalittledifferenceinthe
moisture content between treatment B2
(bagasse+cowdung) and control throughout the experi-
ment. But statistical analysis showed that at theend of
the experiment, the moisture content of control was
higher ascompared to treatment B2 (Figure 3). Mois-
ture content of all treatments at the outset wasin the
range of 65%, but asthe composting process proceeded
the moisture level decreased dueto hasty microbial
activity. Tosustainit, water was strewn on samplesto
keep them moist®.
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Figure3: Changesin moisturecontent in compost samples
over time
Total Organiccarbon

Therewasavariabledecreasein organic carbon con-
tent of bagasse. Thetotal organic carbon content of all
trestmentsinitidly was>60%, but asthecompogting pro-
cess proceeded, the total organic carbon content de-
creased. After sometimeit becameamost stableinthe
range of 27-30% (Figure4). Thelowest percentage of
total organic carbonintreatment B2 showsthat it had
rapid composting and speedy decomposition of total or-
ganic carbon. Thiswas may be dueto mixing of more
amount of cow dung to bagasse becausein other treat-
ments, cow dungwasinlow amount (by weight). Cow
dung offers plenty amount of microbesas comparedto
other treatmentswhich degraded the samplevery fast
and split morecarbohydrateinto CO,, thus carbon con-
tent get decreased®,
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Figure4: Variation in Total or ganic carbon of composting
material over time

Total nitrogen

Inthe processof composting, firstly thetotal nitro-
gen content was|ow depending on the congtituentsused.
But asthe composting process proceeded, micro or-
ganisms may have degraded carbon much faster than
nitrogen. Most of the nitrogen wasrecycled into new
micro organisms. Thisresulted aboost intota nitrogen
content”]. Total nitrogen content of dl treatmentsini-
tially wasabout 1%, but after then, itincreased all of a
sudden from 30 to 45 days and after thenit increased
very owly (Figure5). Nearly 50% of the carbon was
lost but lessthan 20% of the nitrogen(*¥l. At the end of
the experiment, total nitrogen content intreatment B2
was highest. Thiswas may be dueto higher microbial
popul ation inmoreamount of cow dung, morenitrogen
wasrecycled into themicro organism.
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Figure5: Fluctuationsin Total nitrogen of composting mate-
rial with time
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Changein C/Nratio

Astherewasadecreasein organic carbon day by
day and an increase in total nitrogen, so the ratio of
carbon and nitrogen (C/N ratio) decreased™ 23, High-
est C/N ratio wasinthetreatment B3 may be because
of mixturesof two main substances (ricestraw and ba-
gasse) which had already ahigh C/N ratio®. C/N ratio
decreased sharply till 45 days dueto high microbial
activity. It wasmost likely dueto greater loss of carbon
than nitrogen during composting®. After 45 days, C/
N ratio decreased slowly and at the end of the experi-
ment, treatment B2 had lowest C/N ratio (Figure 6).
Although therdativedifferencesin C/N ratiosbetween
al trestmentswasnot so much distinct, but lowest C/N
ratio of treatment B2 refl ectsits higher amount of mi-
crobia biomass, high microbid activity and good pro-
portion of substrates.
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Figure6: C/Nratioof different compost sampleswith chang-
ingtime

Total microbial growth

Thegrowth of both themesophilicand thermophilic
microorganisms, at various stages of the composting
process, wasdetermined. The growth of themesophilic
microorganismsinthepileregularly increased withtime
and reached amaximal growth of approximately 10%°-
10" CFU g after 30 days of composting. After that
this number declined for sometime and then became
gtable(Figure 7). Thermophilic microorganismsinpile
grew rapidly, reaching CFU of gpproximately 10"-10"
CFU g between 30 to 60 days of decomposition and
then slowly declined to 10’ CFU g?* at the end of
composting time (Figure 8). The growth rates of the
mesophilicand thermophilicmicroorganismsinthetrest-

283

—== Qurrent Ressarch Pepser

mentsweremostly parald to each other but resultedin
overal lower cdl counts. Intheend thelowest micro-
bia population was observedintreatment B2, which
means, it may have decomposed faster than other treat-
ments. During the decomposition, the temperature of
thematerid wasra sed, which favorsthegrowth of mi-
croorganismsduring that particular stage of composting.
Theproliferation of themesophilicand thermophilicmi-
croorganismsduring composting isrelated to the me-
sophilicand thermophilic stages of thecomposting sys-
tem. Microbia succession plays a key role in the
composting processand in the appearance of certain
microorganismsthat refl ect the quality of thematuring
compost(® 21,
12 -

10 +

CFU g-1)
s
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Total mesophilic microorganisms {Log

Compaost age (days)
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Figure7: Growth profileof mesophilic microor ganismsover
time.
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Figure8: Growth profile of ther mophilic microor ganisms
over time

CONCLUSIONS

Thisinvestigation hasreved ed that the composting
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activitiesof al thethreetreatmentsaresimilar intem-
perature, pH, and moisture content. However, there
wasadight differencein thenumber of microorganisms
in both thermophilic and mesophilic stagesin thetresat-
ments. Final C/N ratio wasobserved lowest inthetresat-
ment B2 showing better compost formation. Thus, it
may be concluded from the present study that: (i)
NADEP method of composting is really a suitable
method for decomposition of agricultura residueina
shorttimei.e. 3to4 monthsascompared to other meth-
ods, (ii) Thisisalow cost technol ogy, which can be
practiced by farmersof different economic status, (iii)
Thecompost so obtained isof good quality within short
time. Thismethod requiresless effort but givesgood
quality compost, and (iv) Compostingisoneof theim-
portant methods of agricultural wastetreatment. It not
only providesagood bio-fertilizer which isused for
making soil morefertile, but also curesthe problem of
solid wastedisposd.
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