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ABSTRACT

An experiment was carried out in Tamilnadu Agricultural University
(T.N.A.U) to test the biodegradability of ssemsand |eaves of papaya (Carica
papaya). For this Papaya wastes were composted along with nutrients and
microbial inocula, both by mixing and without mixing with the other wastes
such as banana pseudostem and vegetable wastes. Biomass, after collec-
tion, were chopped to asize of 2.5 cm, and werelaid in layers, sandwiched
by nutrientsand microbial consortia, in an alternate manner. Theinter nutri-
ent layerswere formed, using Rockphosphate, Ureaand Poultry droppings.
Microbial agents such as Trichoderma viride, Pleurotus sp and Bacillus
subtilis were used to perform the composting. All the materials were ar-
ranged in heaps, of 1 meter height and allowed for biodegradation. For
further enrichment, composts were mixed with, Azotobacter chroococum at
the end. From the experiment, it was reveal ed that the addition of succulent
and nitrogen rich, biomass improves the degradablity of fibrous papaya
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INTRODUCTION

Papaya, anativefruit of tropical America, isgrown
inamogt al tropica and subtropica regionsof theworld.
Thefruitsbear theirimportancefor their high nutritive,
medicina and commercid vaue. It ranksfifthingloba
production next to citrus, banana, pineapple and
mango!”). Nowadays because of the nutritiousand de-
licious natureof thefruit and yield of papain, Horticul-
turistsand Industrialists are paying more attention to
papayacultivation mainly to increaseitsproductivity.
Hence, theareaunder papayacultivation hasincreased
from 47,429ha to 73,7000ha (www.bioestate.biz/
papaya.html; Database of Nationa Horticulture Board,

Ministry of Agriculture, Govt. of India). Extensivere-
searches, covering devel opment of new varieties, pro-
duction technologies, crop protection measures and
post harvest fruit handling arebeing carried out in many
partsof theworld. However, post harvest handling of
papayaresdues, isgtill initsinfancy. Thisrea ly needs
serious attention, because, theeconomiclifeof papaya
plantisonly 3to 4 years. Assoon astheeconomiclife
isover, dl theplantsareremoved and thefiddiscleared
for next plantation. Only 10 per cent of themaeplants
arekept in orchardsfor good pollination, where dioe-
ciousvarietiesarecultivated. Theextramaeplantsare
uprooted. Both harvested plants and uprooted male
plantsarediscarded from the orchardswithout any use.
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Duetoitshardiness, it remainsinthedisposd sitefor a
very long period and poses nuisanceto the public and
environment nearby. Hence, the present study was car-
ried out in the premi ses of the Department of environ-
mental sciences, Tamilnadu Agricultural University
(T.N.A.U)., Coimbatore, India, mainly to assessthe
biodegradability of the above waste and to make Bio-
manurefrom thewasteswith different amendments.

MATERIALSAND METHODS

Collection and preparation of materials for
composting

The post harvest residues of Papayaand Banana
(Musa sapientum) were collected from the orchard,
situated in T.N.A.U and the size was reduced to about
2.5 cm. Vegetable wastes were collected from the
nearby Market. Vegetabl es such as Beans (Phaseolus
vulgaris), Bhendi (Hibiscus esculentus), Brinjal
(Solanum melongena), Greens (Amaranthus sp),
Mango (Mangifera indica), Onion (Allium cepa ),
Pumpkin (Cucurbita spp), Tomato(Lycopersicum
esculentum) and Yam (Amor phopal lus sp) werefound
inthewaste. Sincethe moisture content of the material
wasmorethan 70 per cent, Sizereductionwasnot done
to thevegetablewastes. Regarding papaya, to remove
thelatex fromthematerias, they were soaked in water
for oneday and washed before they were heaped. Pure
culturesof Aspergillusspand Bacillussp and Pleurotus
sp were obtained from the dept of Agricultural Micro-
biology, T.N.A.U, to usethem asmicrobia inoculafor
composting. Aspergillus spp and Bacillus spp were
subsequently culturedinthenutrient broth and Pleurotus
spwasgrownin saineglassbottlesof 500ml capacity,
filled with terilized sorghum (Sorghumwulgare) grains
up to onefourth of its capacity. To prepare the mixed
microbid inoculants, 250ml of thebrothtakenfromeach
cultureand theentire spawnsof Pleurotusspfromthe
two sdine bottleswere mixed together with 3 kg of un-
derilized soil collected fromanima farm, T.N.AU. The
abovemicrobid soil mixture, after thoroughmixing, was
divided into three equal parts and added in-between
thelayerswhich contain the wastes. To achieve opti-
mum Carbon/Nitrogen ratio,0.5per cent Urea
(NH,),Co); 0.5per cent Poultry droppings; 1per cent
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Rock phosphate (X.Y (po,),) wereuniformly mixed
with 3 kg of un-sterilized soil taken from the animal
farm. Thismixturewasdividedinto threepartsand used
for sandwiching thewaste, next tothe microbia layer.
Sixty per cent moisture content was maintained through-
out the experiment by periodic turning of thewastes
and sprinkling water subsequently.

M ethodology of heaping
Treatment details

Composting Experiment was carried out with pa-
payawastesin four experiments, eachwith threerepli-
cates. Thetreatment (T) detallsareasfollows:

T1- Papayawastes (100 kg)+ 3kg inocula+3kg nutri-
ent mixture
T2- Papayawastes (50 kg) + Bananawastes (50 kg)

+ 3kginoculat3kg nutrient mixture
T3- Papayawastes (50 kg) + Market Wastes (50 kg)

+ 3kginoculat3kg nutrient mixture
T4- Papayawastes (33K g) + Bananawastes (33 kg)

+ Market Wastes (33) 3kg inoculat+3kg nutrient

mixture

Initially the base of the hegp wasformed by spread-
ing about 15 kg of wastes. Abovethat, onepart (1 kg)
of soil plusmicrobia consortiaprepared wasevenly
sprinkled. Again 15 kg of waste was added, and one
part (1 kg) of nutrients mixed soil was spread. Totally
six layersof wastesand 3layersof nutrientsand 3 lay-
ersof microbial consortiawerelaid in amanner de-
scribed above. Finaly, 10 kg of waste material was
spread to cover thefina nutrient layer to completeone
heap. All thefour sides of the heap weretapered inthe
form of trapezoid. Temperature of the materialswas
recorded daily, using Mercury Thermometer. Thema:
terialsinthe heap wereturned upsidedown at afort-
nightly interval to avoid compaction. Water was
sprinkled to bring the moistureto 60 per cent when-
ever moisture content decreased bel ow 40 per cent.

Enrichment with biofertilizer

After composting was over, the heap was|eft un-
disturbed for ten daysmainly tofacilitate curing. When
thetemperature of the heap had stabilized to around
25-27°C, it was enriched with the biofertili zer, Azoto-
bacter chroococum at 250 g per kg of composted
materias. Finally, it wasallowed for another 15 days,
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TABLE 1: M ethodology used for compost analyses

Parameters M ethod Reference
Dryingin Hot air Mooijman and
Moisture O)\//er? @105°C L ustenhouwer
(1987)
Compost, distilled
pH water @1:10 Falcon et a. (1987)

Organic Carbon Chromic acidwet ~ Walkley and Black

digestion method (1934)
. Using semi automatic
Total Nitrogen kjeldahl apparatus Bremner (1965)
Total Vanadomolybdate
Phosphorus  yellow colour method Jackson (1973)
Total potassium EEL Flame Jackson (1973)
photometer

TABLE 2: Compostion of banana, papayaand mar ket wastes
prior tocomposting

Parameters Papaya Banana Market
Moisture (per cent) 65.0 73.6 74.5
pH(1:10) 6.7 6.9 59
Electricalconductivity(dSm-1) 0.4 0.5 0.5
Nitrogen 0.6 14 14
Carbon Nitrogen ratio 59.5 34.5 29.1

15 kz wase
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Figure1: Diagrammaticrepresentation of compost heap
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Figure2: Temperaturechangesduring composting (°C)

under adequateaeration and moisture conditionfor fur-
ther enrichment.

Physico-chemical analyses

A knownweight of samples, weredriedat 60°Cin
an hot air oven to constant weight and moisture con-
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tent was determined gravimetrically. The sampl e after
drying wasground and used for chemical analysesto
esimatepH, EC, nitrogen, phosphorous, potassumand
tota organic carbon.

Satistical analysis

Theexperimenta datawerestatistically analysed
to find out theinfluence of varioustreatmentson the
biodegradation rate, as suggested by Panse and
Sukhatme (1978).Thecritical differencewasworked
out at 5 per cent probability level (p=0.05).

RESULTSAND DISCUSSION

Preliminary analyses

Initidly the moisture contents of Papaya, Banana
and Market wasteswere 65.0, 73.6 and 74.5 per cent
respectively. The pH was 6.7 for papaya, 6.9 for ba-
nanaand 5.9 for market wastes. The percent Nitrogen
content was high (1.4) for both market and Banana
wastesand waslessfor Papaya (0.6). The carbon ni-
trogen ratios for papaya, banana and market wastes
were59.5, 34.5and 29.1 respectively.

Temperaturechanges

Theriseintemperaturewasrapidinthefirst month;
withagradua decreaselater on andfinally reached the
ambient temperature. Among dl thefour treatments, T,
and T, recorded the maximum temperature, whichwas
50.1°C and 50°C, respectively. Theuse of poultry drop-
pingsand microbia aerobic respiration might have con-
tributed to the heat devel opment249,

Changesin pH

Regarding the pH of the heap, adlight reduction
was noticed inthefirst week after that, it wasgradudly
increased throughout the period. Among thefour treat-
ments T, recorded maximum pH change, which was
8.3. Therisesin pH might bedueto thevol atilization of
ammoniaasresult of microbia decomposition of nitro-
genrichorganicwastes*®.

Changesin theconcentration of major nutrients:
nitrogen, phosphorusand potassum

Of thefour treatments studied, T, found to have
maximum nitrogen, phosphorusand potass um content
withvalueof 1.0, 0.08 and 1.4 per cent respectively
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Figure3: Changesin N,Pand K content of thematerial
during compogting
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Figure4: Changesin C/N ratio during composting

TABLE 3: Changesin pH during composting

Days of composting

Treatments el Week3 Week5 Week7 WeekO

T1(Papaya) 65 70 72 74 76
To(PapayatBanana) 68 72 74 77 18
T3(PapayatMarket) 58 71 73 75 76
T4(Banana+Papaya

Vi 64 72 76 78 83

TABLE 4: Changesin carbon content (per cent) and C/N
ratio of thematerial during composting

Changes during composting

Treatments Week1 Week3 Week5Week7 Week8
CCINCCINCCINCCINCCIN
T1(Papaya) 3752.63434.92832.92419.12416.7

T2(Papaya+Banana) 42 43.337 34.231 26.222 15322 13.
T3(Papaya+Market) 3939.8 35 27.529 20.6 28 16.9 26 14.7

Ta(BananatPapaya ., 39 1 3391 13017.02814.127 12.€
+Market)

(Figure 3 here). Concentration of mgjor nutrientswas
increased throughout the experiment and was maximum
inT,.Attheend of composting theamount of nitrogen,
phosphorusand potassumwere2.1, 0.16 and 1.8 per
cent respectively. Theweight lossisdueto the produc-
tion of carbon di - oxideasaresult of agrobic respira-
tion by the microbes during waste degradation. The
production and release of carbon di-oxide during
composting and subsequent raise of nitrogen, phospho-
rus and potassium content of the composted materials
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have has al so been reported by several authorg®e.

Changesin organic carbon and carbon/nitrogen
ratio

Duringfirst threeweeks, reductionsintota organic
carbonwasfoundto besignificant inall thefour treat-
ments. The ratio between carbon and nitrogen was
maximumin T, and minimumin therest of thetreat-
ments. Mixing of nitrogen poor papayawasteswith ni-
trogen rich other materials such asbanana, vegetable
wastes, ureaand poultry wastes might have contrib-
uted for such carbon nitrogen ratio reduction. Reduc-
tion was maximum in second and third week of
composting. Thereleaseof carbon di-oxide, asaresult
of rgpid and enhanced microbid metabolismintheearly
stages, might have contributed for suchrapid dropin
carbon content, whichindirectly contributesfor theni-
trogen enhancement(™3, In the seventh and ninth week
it reached below 19invariably indl thetreatmentsand
wasverylowinT,, whichwas 12.9 per cent only.

CONCLUSION

The optimum moisture content of 60 per cent was
maintai ned throughout theexperiment, mainly toavoid
anaerobic decomposition where bad odour isthe ma-
jor problem. Sincethetemperature of the heap, during
the entire period was above the mesophilic range
(37°C), most of the mesophilic pathogenic organisms
might havegot killed during thetemperatureraise. As
thecarbon/ nitrogen ratio of thefinished compost was
lesser (12.9 per cent), it would not cause ‘nitrogen rob-
bing’ when it is used for crop production. Among all the
four treatments, rapid reduction in carbon/ nitrogen
ratiowasnoticedinT,. Thenutrient status of the com-
post, intermsof nitrogen, phosphorusand potassium
content, wasasomaximumin T,. Hence, from theex-
periment, it hasbeen reved ed that instead of composting
papayaal one, wastesfrom other agricultural and horti-
cultura resduesthat are succulent andrichin nitrogen,
can be added. It not only speeds up the process, also
enhancesitsmanurevaue. Thistechniqueof composting
would benefit thefarmers, orchard ownersand people
for managing and recycling their crop residues effec-
tively. Infuture, efficient microbid strainsand |l ow-priced
nutrient substrates are to beidentified, to further re-
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duce the composting period. In addition, acompre-
hensive study on microbia metabolism of therelated
microorganismsused in the study and their substrate
specificity areto beaccomplished. A compl ete pot cul-
ture experiment with thefinished compost isessentia
for testing their toxicity and their potentia in crop pro-
duction.
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