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ABSTRACT

Bioconversion of industrial wastes into nutrienthriproduct using earthworms is of double interest:the one
hand, a waste is converted into organic fertilifer soil application and on the other, it contrascumulation of
harmful waste that is a consequence of growingstrialization. This study reports the feasibilitf/ udilization of
vermicomposting technology for nutrient recovemynirsugar industrial waste bagasse fly ash (BFA)enhiwith
cow dung (CD) in laboratory scale experiment. Twiiedent earthworm species Eisenia fetida and Hudri
eugeniae were utilized for bioconversion of BFAval as the quality of the end product. Four difetr treatments
including one control were used for the experimBasults reveal that significant reduction in tavagjanic carbon
(TOC), C:N ratio but increase in total nitrogen (J;Notal phosphorus (TP), total potassium (TK),coain (Ca) and
magnesium (Mg) after 60 days of processingdraid T treatments for both species of worms.. E. fetidd B.
eugeniae showed maximum biomass production, maxitcpaoon numbers and hatchlings production in 1:tiora
of BFA+CD (T,) mixture as compared to other treatments and adr{BFA alone). Based on investigations it is
concluded that vermicomposting using earthwormtetida and E. eugeniae could be an alternative netdgy for
the management of BFA if it is amended in 1:1 rafith cow dung.

Key words: bagasse fly ash, nutrient changes, vermicompaqdfisgniafetida, Eudrilus eugeniaeeproduction.

INTRODUCTION

India is one of the leading growers of sugarcartb amn estimated production of approximately 30diamiltons in

the marketing year 2010-11. Sugar-distillery comete integrating the production of cane sugar atr®l,

constitute one of the key agrobased industriesrelhee presently nearly 500 sugar factories inctihwntry along
with around 300 molasses based alcohol distilldig§sEnormous amount of solid waste streams geeerduring

sugar manufacturing process including sugarcarsh tf@agasse, pressmud and bagasse fly ash. Bdlyaask is

the waste generated by the combustion of bagagset fkom silica which is the major component,ahtains other
metal oxides as well as unburned carbon [2]. Arodu0®5-0.066 tons fly ash is generated per tomdusugarcane
crushed [3]. This waste is usually disposed ofpiis; it is also applied on land for soil amendmiensome areas.
Roughly 0.97 million tones of unburned carbon igikble from bagasse fly ash alone in India. Digpad this

waste is appropriate one of the major areas ofawonfor a developing country like India. At presemvery meager
quantity of the bagasse fly ash is usually usedegdizer source and soil conditioner. On the othand, this

approach is not desirable practice in view of tderdrom biological degradation. Available litere¢uhas proved
that application of un-decomposed wastes or ndnititad compost to land may lead to immobilizatiohplant

nutrients and cause phytotoxicity [4].

25
Pelagia Research Library



S. Manivannan Adv. Appl. Sci. Res,, 2014, 5(4):25-30

Numerous technologies are harnessed to deal wéttotpanics that have the feasible to pollute thérenment.
Existing technologies concentrate to oxidize thgaaics in the waste producing a new stream thatiteaswn
disposal problems. The need of the hour is to dgvelose loop technologies which harness the reblewenergy
and/or nutrient of these waste organics to fuedmrend the soil. Vermicomposting is a suitable tetdgy to
handle different types of organic and industrididswvastes and make valuable manure from it. Séwepiyeics
(Eisenia fetida, Eisenia andrei, Eudrilus eugeni&erionyx excavatusand Perionyx sansibaricyshave been
recognized as potential candidates to decomposmiargvaste materials [5-7]. With this backgroundtte present
study were performed to investigate the rol&iskenia fetideandEudrilus eugeniaén vermicomposting of bagasse
fly ash amended with cow dung. So in this studiemapt is being done to investigate the rolecofetidaandE.
eugeniaen bioconversion of bagasse fly ash amended with d@ong and its utilization into natural fertilizer.

MATERIALSAND METHODS

Earthworm cultures: Two composting species of earthwornissgnia fetidaand Eudrilus eugenidewere chosen
for the experimentE. fetida,being most commercially used worm for vermicomjpasaindE. eugeniads a fast-
growing and productive earthworm in animal wast th ideally suited as a source of animal feedgimoas well
as for rapid organic waste conversion. Hence, battmswere cultured in the laboratory, department of agg)

Annamalai University, Tamilnadu, India and weredamly picked for experimentation.

Experimental design: The bagasse fly ash (BFA) was collected from E.&lgar factory in Nellikuppam, Tamil
Nadu, India. The cow dung (CD) was obtained frodaay farm in Faculty of Agriculture, Annamalai Weirsity.
The BFA was mixed with CD in different proportiori2our different combinations of BFA and CD werepgaed
(Table 1). Plastic troughs measuring 30cm height Z0cm diameter were used. Each treatment congigtdutee
replicates with 2kg of feed materials for both spe®f worms. The troughs were kept under shadeirsigdted
with equal quantity of tap water on alternate dygnsure that the substrate moisture content wastamned at
approximately 70%. After the completion of pre-intation period of 7 days, earthworm species wa®dhtced at
40g per treatment (20g/kg of waste) into all treatments. Biomass, cocoon humbers and hatchlirgiigtion in
each treatment was measured at the end of experbyédrand sorting. The sampling of the substrate dene at O,
15, 30, 45 and 60 days at a depth of 8cm. Substeatwles drawn from all the treatment combinatiwwage dried
under shade and nutrient contents were analyzed.

Nutrient analysis: Total organic carbon (TOC) was measured using tethod of Walkley and Blac8], total
nitrogen (TN) by micro Kjeldahl digestion [9] anot&l phosphorus (TP) using molybdenum blue metHadlgsen

et al, 195410]. Total potassium (TK), calcium (Ca) and magnesilsg)(were measured by a Perkin Elmer 2380
Atomic Absorption Spectrophotometer and DR-3000c8pphotometer (HACH). The sample (1g) was digested
with a mixture of nitric, sulphuric and precholrézid (3:1.5:2 by volume) at 100°C. The solution Wittered
through Whatman filter paper (No.40) for furthetirgtion. C: N ratio was calculated from the meaduwalue of

C and N.

RESULTSAND DISCUSSION

A total of four treatments filled with differenttras of BFA mixed with CD were maintained for tlitidy (Table
1). The growth and reproduction Bfeugeniaeand E. fetidawas monitored for 60 days. Maximum growth was
recorded in Ttreatment. Similarly maximum cocoons and hatchlipgsluction were also recorded intiieatment,
however decreasing proportions of organic supplesn@D) with BFA and BFA alone in the treatment éhd T,)
affected the growth and reproduction of both wolffiables 2,3). In the present study, both the wostmeswed
maximum and minimum mean individual biomass achieaeend on Jand T;treatments, respectively. The BFA
alone treatment did not show biomass productioinduermicomposting; might be due to the substcatality.
Maximum biomass in the treatments may be due tartbee palatability and acceptability of feed bytkaorms
and the minimum biomass in the treatmentg &fd control) with higher proportion of BFA/ BFalone was
possibly due to the presence of some growth-retgrdubstances in it. The difference in growth raeong
different treatments seems to be closely relatedutostrate quality [11]. The excellent growth rafeall the
earthworms in the treatments containing BFA andoBDid be due to its palatability and more accefitglas food
by earthwormsThe results clearly suggested that importanceutiitg material in vermicomposting of BFand
may be justified in terms of the physical, chemenadl biological nature of the bulking materials][12
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Composition®
S.No Treatments E fetida E. eugeniae
1 Ta BFA + CD (3:1) BFA + CD (3:1)
2 T, BFA + CD (1:1) BFA + CD (1:1)
3 Ts BFA + CD (1:3) BFA + CD (1:3)
4 N BFA alone (control)

2dry weight basis, BFA-Bagasse fly ash; CD-Cow dung

Table 2. Growth and reproduction of Eudrilus eugeniae during ver micomposting of bagasse fly ash mixed with cow dung after 60

days
Treatments Mean initial biomass of individual Maximum mdividual Total number of Total number of
earthwor m(mg) biomass achieved(mg) cocoons at theend hatchlings
T 320.19+20.1 867.25+28.5 147.21+11.5 82.13+8.0
T 320.21+7.5 987.29+32.3 195.15+7.3 171.11+7.2
T3 319.14+9.2 962.37+18.5 172.2945.2 143.16+7.6
T4 319.21+13.5 NA NA NA

Results are the mean of three replicates * standkwlation; Not available.

Table 3. Growth and reproduction of Eisenia fetida during vermicomposting of bagasse fly ash mixed with cow dung after 60 days

Treatments Mean initial biomass of individual Maximum mdividual Total number of Total number of
earthwor m(mg) biomass achieved(mg) cocoons at theend hatchlings
T, 261.3+4.: 619.3+19.. 124.6+12.. 105.6+21.!
T 268.3+10.4 795.5+19.5 189.8+15.7 146.5+23.5
T3 260.6+ 8.2 713.2+21.4 171.5+23.4 127.3+18.6
T4 269.3+6.5 NA NA NA
Results are the mean of three replicates + standtnation; Not available.
Table 4: Changesin total organic carbon (TOC) content (%) during ver micomposting of bagasse fly ash
Treatments TOC (%)
0 days 15 days 30 days 45 days 60 dayy
T E. eugeniae 45.5+2.19 40.2+2.27 36.5+1.15 28.6+2.35 25.1+1.111
' | E. fetida 45.5+2.19 41.7+2.18 37.4+1.49 28.9+2.18 25.8+1.51
T E. eugenia 49.6+1.3. 43.7+2.3¢ 33.4+1.2! 24.5+2.2: 23.3+1.1¢
> | E. fetida 49.6+1.32 43.8+1.85 35.8+1.53 25.6+1.87 24.2+1.39
T E. eugeniae 51.3+1.22 41.6+2.41 31.8+2.22 26.2+2.33 24.7+1.31
¢ | E. fetida 51.3+£1.22 43.3+2.18 34.1+2.11 26.9+1.67 25.3+1.56
T,(Control) 40.2+1.21 35.1+1.17 29.3+1.26 27.5+141 6.621.18
Results are the mean of three replicates + standigndation
Table5: Changesin total Kjeldahl nitrogen (TN) content (%) during ver micomposting of bagasse fly ash
Treatments TN (%)
Odays 15 days 30 days 45 days 60 days
T E. eugeniae 1.17+0.21 1.66+0.47 1.93+0.25 2.10+0.23 2.12+0/21
E. fetida 1.17+0.21 1.52+0.34 1.88+0.55 2.04+0.19 2.04+0/35
T E. eugeniae 1.29+0.35 1.93+0.56 2.40+0.42 2.42+0.47 2.30+0{27
> | E. fetida 1.29+0.35 1.82+0.19 2.37+0.28 2.38+0.41 2.25+0/29
T E. eugeniae 1.42+0.27 1.87+0.31 2.31+0.19 2.38+0.19 2.31+0{18
® | E. fetida 1.42+0.27 1.80+0.29 2.26+0.49 2.29+0.59 2.30+0/38
T4(Control) 1.11+0.15 1.58+0.51 1.72+0.27 1.91+0.36 .0120.17
Results are the mean of three replicates + standndatior
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Table 6: Changesin C:N ratio during vermicomposting of bagasse fly ash vermicomposting of bagasse fly ash

Treatments C:Nratio
Oday: 15 day: 30 day: 45 day: 60 day:

T E. eugeniae 38.89+1.24 24.22+1.67 18.91+1.72 13.64+0.28 11.84#0

! E. fetida 38.89+1.24 27.43+1.58 19.94+1.65 14.17+0.37 12.6830
T E. eugeniae 38.45+1.55 22.64+1.82 13.92+1.92 10.12+0.34 10.1330

2 | E. fetida 38.45+1.55 24.07+1.69 15.11+1.85 10.76+0.26 10.7820
T E. eugeniae 36.13+1.49 22.25+1.45 13.77+1.21 11.01+0.51 10.5220

® | E. fetide 36.13+1.4! 24.06+1.5: 15.09+1.5! 11.75+0.4 11.00+0.4!
T4(Control) 36.22+1.61 22.20+2.04 17.30+1.3§ 14.4090. 13.23+0.34

Results are the mean of three replicates + standndation

Table 7: Changesin total phosphorus (TP) content (%) during ver micomposting of bagasse fly ash vermicomposting of bagasse fly
ash

TP (%)

Treatments Odays 15 days 30 days 45 days 60 days
T, E. eugeniae 1.02+0.25 1.07+0.21 1.08+0.29 1.13+0.31 1.12+0.33
E. fetida 1.02+0.25 1.04+0.38 1.11+0.36 1.12+0.24 1.10+0.46
T E. eugeniae 1.21+0.24 1.27+0.15 1.29+0.52 1.32+0.18 1.360.29
2 E. fetida 1.21+0.24 1.21+0.26 1.24+0.31 1.30+0.47 1.30+0.42
T E. eugeniae 1.20+0.18 1.25+0.44 1.27+0.63 1.30+0.25 1.35+0.61
3 E. fetida 1.20+0.18 1.25+0.52 1.27+0.18 1.29+0.41 1.33+0.34

T4(Control) 1.01+0.15 0.99+0.38 1.05+0.13 1.09+0.21 .15%0.15

Results are the mean of three replicates + standigndation

Table 8: Changesin total potassum (TK) content (%) during ver micomposting of bagasse fly ash ver micomposting of bagasse fly
ash

Treatments TK (%)
Odays 15 days 30 days 45 days 60 days
T E. eugeniae 1.52+0.15 1.61+0.19 1.75+0.26 1.77+0.13 1.79+0.42
! E. fetida 1.48+0.24 1.55+0.32 1.71+0.13 1.76+0.59 1.79+0.36
T E. eugeniae 1.71+0.19 1.79+0.20 1.82+0.17 1.85+0.24 1.80+0.21
2 E. fetida 1.65+0.32 1.68+0.38 1.77+0.13 1.79+0.28 1.81+0.12
T E. eugeniae 1.78+0.15 1.81+0.24 1.87+0.25 1.89+0.38 1.86+0.17
3 E. fetide 1.7040.2: 1.73+0.4° 1.80+0.3¢ 1.83+0.4: 1.85+0.2!
T,(Control) 1.21+0.42 1.54+0.44 1.53+0.12 1.52+0.33 .5030.11

Results are the mean of three replicates + standiendation

Table 9: Changesin total calcium (Ca) content (%) during ver micomposting of bagassefly ash vermicomposting of bagasse fly ash

Treatments Ca (%)

Odays 15 days 30 days 45 days 60 days

T E. eugeniae 1.21+0.21 1.25+0.18 1.294+0.12 1.38+0.21 1.51+0.24

! E. fetida 1.21+0.27 1.25+0.23 1.28+0.18 1.35+0.14 1.48+0.32

T E. eugeniae 1.29+0.57 1.29+0.37 1.37+£0.36 1.45+0.27 1.59+0.57

2 E. fetida 1.29+0.34 1.29+0.14 1.35+0.19 1.40+0.33 1.54+0.37

T E. eugeniae 1.32+0.47 1.35+0.25 1.394+0.31 1.46+0.25 1.61+0.31

¢ E. fetida 1.32+0.31 1.34+0.36 1.35+0.27 1.42+0.33 1.57+0.25

T4(Control) 1.1040.30 1.13+0.19 1.22+0.35 1.260.19 .2930.18

Results are the mean of three replicates + standigndation

Table 10: Changesin total magnesium (M g) content (%) during vermicomposting of bagasse fly ash vermicomposting of bagasse fly ash

Treatments Mg (%)

Odays 15 days 30 days 45 days 60 days

T E. eugeniae 0.75+0.05 0.79+0.05 0.82+0.02 0.89+0.05 0.87+0.08
! E. fetida 0.75+0.08 0.76+0.02 0.84+0.06 0.87+0.06 0.88+0.05

T E. eugeniae 0.71+0.04 0.75+0.03 0.82+0.05 0.87+0.08 0.85+0.07
2 E. fetida 0.71+0.05 0.74+0.09 0.81+0.07 0.89+0.08 0.84+0.04

T E. eugeniae 0.63+0.05 0.67+0.05 0.75+0.02 0.82+0.04 0.80+0.09
3 E. fetida 0.63+0.09 0.64+0.05 0.78+0.05 0.84+0.05 0.82+0.05

T4(Control) 0.40+0.07 0.83+0.05 0.85+0.04 0.83+0.02 .8180.05

Results are the mean of three replicates + standiendation
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Cocoon production patterns of earthworms duringmnveomposting were directly related to the qualitfeedstock.
Earthworms showed better reproduction performaricelsedding containing appropriate or acceptablé raf
bulking materials [11]. Earlier studies advocate tinportance of greater nitrogen fractions in ewkdncocoon
production rates in epigeics [13]. The differenetn®en rates of cocoon production in different fegxtures could
be related to the biochemical quality of the sudistrwhich is one of the important factors in deieing onset of
cocoon production [14]. In the present study maximmumber of cocoon production was observed,iarid T and
minimum was recorded in;Ttreatment for both species of worms. On the olf@rd cocoon production was not
found in BFA alone treatment it may be due to abseaf bulking materials in the treatments.

Hence, the results suggested that higher propertidrBFA / BFA alone in the treatments were notahle for
cocoon production. It may be concluded that pradacof cocoons in the feed mixtures could be reldte the
biochemical quality of the feed, which was onetaf important factors and in addition to the biocluainproperties
of waste, the microbial biomass and decompositiotiviies during vermicomposting are also important
determining the cocoon production [15]. Similatyetmaximum number of hatchlings was observed,iand T
than the other treatments for both the earthworecisg (Tables 2, 3). Hatchlings production was déigim
treatments, which contained equal proportions ofABIRd bulking material (CD). Monrogt al. [16] reported that
production of cocoons and hatchlings depends upendensities of the earthworms and feed materighén
treatment. Hence, in the present study, it maydmeladed that difference in hatchlings productiorthie treatments
may be due to stocking concentration and environaheonditions [17] during bioconversion of BFA.

The total organic carbon (TOC) decreased in all tieatments (f, T, and ) including control (T) after
vermicomposting (Table 4). Periodical study recdrédevariable change in TOC content during vermicosting of
different treatments for both worms. However redurcin TOC was comparatively higher in @nd T treatments
than T, treatment and control (Y. The loss in TOC during vermicomposting earthwsrpromoted such
microclimatic conditions in the treatments thatre@ased the loss of TOC from substrates through ofpiiak
respiration. In the present study, total nitrog@N) content of the substrates increased progrdgstugring the
development of decomposition in all treatments pkcentrol (Table 5). The increase in TN contenthaf organic
waste during decomposition is well recognized [1Blineralization of organic N to inorganic N during
decomposition could have attributed to the incredd¢ content in the amendments. On the other h@iNdgontent
of T, treatment remained stable during the decomposjtioness which may be due to the low C:N ratio BAB
that favors microbial flare up. The decrease in @tib was rapid up to day 45, thereafter, it shab@emore or less
stabilized pattern up to day 60 (Table 6). In thespnt study, decline of C:N ratio to less thanatér day 30
indicates an advanced degree of organic matteiliztdion and reflects a satisfactory degree of migtwf organic
wastes [19].

The TP content nearly doubled in treatment thatdhadmbination of BFA and CD under 1:3 and 1:losaturing a
period of 60 days decomposition fiar eugenia@andE. fetida.Increase in TP during vermicomposting is probably
through mineralization and mobilization of phosploby bacterial and phosphatase activity of eantmgd20].
The TK content was also greater in all the vermipost than contol at the end of experiment (TableThe
maximum increase in TK was higher indnd fas compared to the, Tcontrol) treatment at the end of experiment
for both species of worms (Table 8). According tard@s and Lavelle [21] earthworm primes it's syntimggut
microflora with secreted mucus and water to incrélasie degradation of ingested organic matter &edrélease of
assailable metabolites. Therefore, directly or reclly earthworm enriches the substrate materiath wi
exchangeable-K. Ca content of treatments contaiBifdy and CD at different proportions increased dilgaluring

the composting process (Table 9). Mg content ofmesmpost in 7 and T treatments slightly increases during 30—
60 days decomposition (Table 10). This is obvid the substrate blended with cow dung incredsedeeding
ability of the both worms which favorably enhancdte Ca and Mg content of the vermicompost during
decomposition of BFA [22]. Ca content of treatmefifs, T, and &) containing BFA and CD at different
proportions decreased steadily during the experiatiemn.

CONCLUSION

This is evident that the substrates blended witlh BlRd CD increased the feeding ability of the eadtmsE.
fetida and E. eugeniaewhich favorably enhanced the nutrient contentshaf substrate during decomposition.
Nevertheless, Nutrient changes during vermicompgstid not show significant difference among ahd T
treatments. The vermicompost obtained fropraiid L at 45 days were rich in important plant nutriemtitr¢gen,
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phosphorus and potassium) and their C:N ratio vedawb 20 which indicated their agronomic importandence
this study indicated that BFA amendments up to 5@#th CD may help in economic utilization in
vermicomposting. In addition, E. fetidaandE. eugenia@ppeared to modify the degrading activity of thbsirate
to a much greater level than the sole use of BR#eimicomposting. This was reflected by the loweX @atio, as
well as by a gradual release of nutrients in thiglys which made the vermicompost from BFA more appate
substrates for agronomic purpose.
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