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INTRODUCTION

Vermicomposting could be an adequate
technol_oqy for the transformation of organic
wastes into valuable products [1]. Several kinds
ofwastes can be used such as solid orglanlc Wwaste
sewage sludge, agricultural waste, animal
manure and some Sorts of industrial waste as
source of organic matter. Earthworm accelerates
compostm? process [2], control potential
environmental risks, improve soil structure and
ph}{smo-chemlcal and biological proE_ertles ofthe
oil [3]. The result of the composting process

through earthworms (vermicomposting), is a high
quallt?/ huilliic product (earthworm casting) used
as soil orgc™nic amendment [4].

Maturation is the critical step during vermicomp-
osting ﬁrocess, wliich begins *ncé earthworms
leave the substrate, which therefore, can be
claimed as microbial-driven process. The
microbiological properties of vermicompost,
such as microbial biomass, requlate nutrient
dynamics, and leading to immobilization or
rélease of nutrients aré important. It promotes
plant uptake if they are .applied to the soil [5],
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The degradation of organic waste results In the
formation of high quality humified product
which can he used as soil' organic amendment
[6], The amount and quality of humic acid in
vermlcmeost considered as an indicator of their
biological maturity, chemical stability, and
warranty for safe_impact and successful
performance in soil _[YJ, he effects of vermico-
mpost aging, especially patterns of humic acid
level, microbial biomass, worm biomass, cocoon
formation, worm mortality and yield of the
compost were investigafed because these
parameters can control the quality ofthe resulting
vermicompost.

Tapioca or cassava s a Wlldeh/ cultivating cash
crop of South India (Tamil Nadu). More than
1000 small and large scale sago industries
functions in this area. Tapioca, tuber processing
generate large amounts of solid waste consists
of cellulose,” hemi-cellulose and lignin, which
need extensive treatment to reduce its pollution
notential [8]. The generation and accumulation
of the sago waste in‘and around sago processing
industries pose threat to environment [9]. The
utilization of this material for vermlcompostlnq
may give a solution to solid waste managemen
in the sago industry. Qur previous stud
investigated the suitable ratio of TSW and C
to obtain high (%uallty_ vermicompost. The
incorporation of bulking materials as co-
substrate modifies the physical structure of waste
and also accelerates the waste mineralization rate
in. vermibeds. Cow dung is considered as
efficient bulking agent for rapid decomposition
of waste through vermicomposting. It contains
a variety of microbes which may accelerates
mineralization process througi_h enzyme synthesis
[10]. Earthworm can mineralize cow dung more
easily than other organic wastes because which
contains gz_reater population of decomposing
communities, e.g., bacteria, protozoans,
nematodes, fungi and actinomycetes [11].

The three species of earthworms {Eiseniafetida,
Perionyx excavatus, and Lampito mauritii) have
been widely used for commercial c_ompostln?
due to their_high tolerance of environmenta
variations [12%. These species are highly

adaptable and can tolerate varying degree of
moistm-e. To exploit the organic resources, the
microorganisms mutually asSociate with (macro-
organisms) earthworms. Microorganism aied
the  chemical transformation during
decomposition of organic materials. Previous
study reported that numerous microorganisms in
the earthworm cast than in surrounding sail [L3)].
In addition to the residual microbial population
in the substrate, selected microorganisms such
as Tricodenna viridae, a cellulase producing
fungi and Bacillus polymyxa, a free living
mtrogien fixing bacteria used as effective
inoculants for compostlr]ﬁ and increases the
nitrogen content ofthe stabilized product ([114,1%.
The nitrogen fixing ability of bacteria depends
on the organic wastes used. Microbes in the
organic waste are not killed during passage
through earthworm qut [16].

In_the present study, the effect of selected
microorganisms on"biological maturity and
chemical stability (verml_comﬁost aging) of TSW
vermicompost by analyzing the humic acid level,
microbial biomass (fC 2 evolution), earthworm
biomass, cocoon formation and the rate of
earthworm mortality on the 25", 50" and 75* day
ofthe experiment. The yield of the final compost
was also determined”on the75" day of the
experiment.

MATERIALS AND METHODS

TSW was collected from Logesh Sago factory,
H. Pudupatti, Dharmapuri District, Tamilnadu.
TSW was dried and powdered to reduce the
particle size. CD used as bulklng material. Each
experimental cistern contained 5 kg of feed
mixture with the proportion of 3.1 ratio of TSW
and CD; our previous stud groved this ratio is
suitable for composting Bfl ].. The substrate
mixture in the cisterns were maintained at 50%
to 60% moisture content and keRt In darkness at
room temperature (22-26° C). The cisterns were
allowed t0 pre-compost for 20 days. Then the
experimental cisterns were divided in to four
media. Medium-1(C) served as control. Medium-
2 (M) both microbes were introduced (50 ml of
fresh'culture/Kg of the substrate mix). Medium-



3 &E) received a mixture of three species of
earthworms {Eiseniafetida, Perionyx excavatus
and Lampito mauritii) (10 earthworms/Kg ofthe
Substrate mIXB. Medium-4 (E+M) received three
species of earthworms and two types of microbes

viridae and B polym}/xa, 50°'ml of each fresh
culture/Kg of the substrate mix). The sieved
vermicompost was used for the experiment. For
each analysis triplicate were maintained. The
compost mat,urltg, analysis, such as humic acid
level, microbial biomags, earthworms  biomass,
cocoon formation and mortality of earthworms
were carried out at the end of pre-com&gst (20
d.ays?, vermlcompostm]g stage 25'\ 30" and
finally on the75™ day. The yield of the sieved
compost was also weighed at the end of the
experimental period.

Humic acid was extracted using alkali acid
fractionation procedure [18]. The vermicompost
was digested in O.IN KOH (1:10W/V2 for 24
hrs at room temperature. The undigested bulk
residue from each vermicompost was then
separated from the solute fraction by
centrifugation at 5000 rpm for 30 min followed
%vacuum filtration through a glass filter paper.

e filtered supernatant was acidified to pH2
with 6.0 N HjSO* and kept ina cold room in the
dark for 24 hrs in order to obtain flocculation of
humic acids. After acidification the humic
prec!Pltate (humate) was collected by
centrituging at 5000 rpm for 30 min, washed
three times with distilled water to remove
residual HSO , It was freeze-dried, then ground
with a mortar-and a pestle into a brown powder.

Microbial activity was assessed by measuring
the amount of CO" evolution from samples
during 6, lirs incubation. The evolved CO" was
trappéd in 0.02 M NaoH and then measured b
titration with HCl to a phenolghthalem endpoint,
after adding excess BaCl* [19].

Growth and cocoon production in each
experimental cistern was measured on 254 50%
and 75" day. Earthworms and cocoons ‘produced
during experiment were separated from the
substrate material by hand sorting, after which
earthworms were washed intap water.to remove

the adhering material from their body and
subsequently weighed on a live weight basis.
Then all measured earthworms were returned to
the concerned cistern. _SeParated £0C00NS Were
counted and introduced inthe same way in which
their parent was reared. On this basis, worm
biomass, cocoon numbers and mortality rate
were calculated. The total number of earthworms
in the media was analyzed at the end of the
experiment by hand sortlng? method. On 75" day
the composts were collected, air dried, sieved
and weighed to observe the yield of the compost.

Statistical analysis: The data are expressed as
the mean + SD. Statistical comparisons were
erformed b% two way analysis of variance
FANOVA) [ZJ, The means for each treatment
Wwere compared for statistical significance by the
CD (critical difference) value at the 0.05 [evel.
The difference between all possible pairs of
treatment means were compared to the CD value.
| the difference was equal to or greater than the
CD value, it was considered as 3|?n|f|cant.
Statistical comparisons, were also performed by
one way analysis of variance (ANOVA) followed
by Duncan’s Multiple Range Test SD RT). The
results were considered statistically significant
ifthe p values were 0.05 or less.

RESULTS

Tables 1to 5 present the humic acid_content,
microbial biomass (CO evolution), worm
biomass, cocoon formation and worm mortality
rate on the 25", 50" and 75" days, and yield of
thedc_ompost on the 75" day in control, treatment
media.

Humic acid content increases gradually with
duration (25", 50" and 75 day) of the compost
in control and treatment media (tablel). On 75"
day, the per cent of humic acid content increased
significantly high in earthworms with microbes
treated medium (900%) compared to other media
co&t)gyl) (70%) and microbes (360%) earthworms
0).

The COj evolution was steadily increased with
duration’(25™, 50" and 75" day% of the compost



Table 1: Humic acid levels in control and treatment me-
dia of TSW: CD composting, Unit; mg/gram vermmomrmst.
TSW: Tapioca solid waste. CD: Cow dung C: Control, M:
Microbes E: Earthworms, E+M: Earthwonns iuid Microbes
Values are expressed as mean + SD for triplet in each me-
dium 0 indicates the percent increase from pre-compost
stage. *CD: Critical ditTerence

C M E E'M
Precompost 0.10i0.0I 010+Q0 0I0+Qa 0,09+ 0.004

50y Mgl Ofhed i’ " i
ohy V00 OB0E OIS 000

0% 0% (0%  (B66%)
wve 017+001 046+008 0.714004 090+003
5Dy “ow (%0 %93 2610%) ?900%)
WD s 0.03.

Tabic 2. COj evolution in control and treatment media of
TSW:CD composting. Unit: mg/gram vermicompost /day.
TSW: Tapioca solid waste, CD: Cow dung . C:" Contral,
M: Microbes E: Earthworms, E+M: Earthworms and
Microbes Values are expressed as mean + SD for triplet in
each medium. () indicates the percent increase from pre-
compost stage *CD: Critical difference

C M E E+M
Precompost 4102 4002  40+02 4403

s il B
vy ) (ol i

, H04 9004 3240
75" Day ?239.5% ?107.5%) %1%%1 ?%7%

L 01D 0.96.....ccmmnen

Table 3: Gross Biomass (Earthworms) treatment media
of TSW: CD composting. Unit: Total Number of
Earthwonns used in each medium 50 . TSW: Tapioca solid
waste, CD: Cow dung C: Control, M: Microbes E:
Earthwonns, E-rM: Earfhworms and Microbes, Values arc
expressed as mean £ SD for trFJIet in each medium, ()
indicates the percent increase from pre-compost stage.
*CD: Critical difference

C M E EtM
Pocomposl 0 0 1072+70  102+95
5oy 0 0 a0 Thidl
verDy 00 HER B
5Dy 0 0 3838%.3%)4 %%55%9
CD oo 1305, v

Table 4 Total number of cocoons in control and treatment
media of TSW: CD composting. TSW: Tapioca solid waste,
CD: Cow duiig . C: Control, M: Microbes E: Earthworms,
E+M: Earthwonns and Microbes Values are expressed as
mean + SD for triplet in each medium. () indicates the
percent increase from pre-compost stage. *CD: Critical

difference

C M E E+M
Precoinpost 0 0 0 0
By 00 B W
ooy 0 0 0 i
By 00 Rl ol
CD— e 8. L4,

Tabic 5: Earthworms mortality. Total number of
earthwomis and Yield of the vermicast at the end of 75"
day in TSW: CD composting. Unit: gram of compost /
kilogram substrate. TSW: Tapioca solid waste, CD: Cow
dung. C: Control, M: Microbes E: Earthworms, E+M:
Earthwonns and Microbes. Values are expressed as mean
+ SD for triplet in each medium. Values in each row not
sharlng a_common superscript letter differ significantly at
P<0.05 (DMRT)

C M E EtM

, 5.860/%)0* 3.%%5.0'

Tota) number of « ,
earthwonns 0 0 15360* 202+ 106
30+ 13

Yield

Earthwonns mortality
on 25" Day

' U4 219+40

in control, microbes, and earthworms. On 75
day, the per cent of CO" evolution in the medium
of control, microbes, earthworms are (29.3%),
(107'5%), (125%) respectively. Whereas
earthworms with microbes treated medium, the
CO{ evolution was high on 25™ (47.7%) and 50"
(11 .30/3) days and drastic decrease on the 75"
day (-2 ,2%{ (table2).

Biomass of earthworms in the earthworms,
earthworms with microbes treated medium were
presented in the table3. Percentage of hiomass
Increases gradually in the earthworms medium
57.9%, 148.1%, and 182.9% on 25", 50" and
75" day respectively. Whereas earthworms with



.microbes treated medium earthworms hiomass
was high on 25" (HO.8%) and 50" 5214.7%)
days and drastic decrease on 75" day (185.3 %).

The number of cocoon In the earthworms,
earthworms with microbes, treated medium
steadily increased with duration (25'\ 50" and
75" day) of the compost. On 75" day, the
percentage of cocoon was significantly igh in
earthworms treated medium £2124%) eompared
E? %ailrta\)/vorms with microbes medium (102.0 %)
able 4).

The mortality of earthworms was significantly
high in earthworms alone treated medium on 25™
day (10%), whereas earthworms with microbes
treated medium mortality of earthworms on 25"
(6%).The number of earthworms in the final
compost was significantly high in earthworms
with microbes treated ‘medium 1(202)_ than
earthworms treated medium (153). The yield of
the Cast on 75' day in control, microbes,
earthworms, earthworms with microbes treated
Wegllada)lre 80g, 1470, 279 and 330g respectively
abled).

DISCUSSION

Vermicomposting process increases the humic
acid content, the quantity of the humic acid
considered as an important indicator of the
biological maturity and chemical stability of
vermicompost [211]. The important property of
the humic acid Is the large buffering capacity in
a wide pH range, which arises essentially from
the dissociation of acidic functional dgroups [22),
The high level humic acid in M medium may be
due to continuous_microbial growth and its
metabolic action. The humification action of
earthworms may be responsible for the increased
humic acid level in E medium. Humification
action of earthworms and metabolic activities of
microbe increases degradation rate of organic
matter has been linked with significantly”high
content of humic acid in E+M medium.
Inoculation of B. polymyxia was one ofthe most
effective inoculants in increasing the humic acid
content [23].

The evolution of CO*is an indicator of microbial
poPuIatl_on in the medium. High CO" evolution
Inthe initial stages of composting and decreased
in later stage in E+M medium indicates the
microbial growth and substrate availability to the
organisms. The results were correlated with the
observations of Aira [24], a sudden increase in
CO-J. release was observed on 30" day and their
activity was maintained up to 45* day. After 60
days the CO" evolution was strongly dropped.
About 75% reduction of CO* release with
Polyculture earthworms were found on 75" day,
he decrease in COj evolution was very low after
45days of composting in the worm worked
reactors indicating the stability of the finished
compost [25].

Analysis of earthworm biomass, reproductive
and ‘mortality is |m|portant because these
parameters can contro quallt%,of the resulting
compost. The increased biomass in the
vermicompost was due to the continous growth
of earthworms till the experimental period.
Whereas the reduced biomass in microbes
inoculated vermlcomgost medium on the 75" day
may be due to the absence of substrate for the
earthworm growth indirectly indicating the
maturity of the compost. It was sugported by the
observations of Benitz [26], where the total
biomass of earthworm reachied a maximum at
7" week and a marked increase occurred between
4" and 7" week, The maximum growth of
earthwoi'in_in E+M medium concludes the dual
function of bacteria i.e. in having been utilized
as food material and enriching the substrate
through the nitrogen fixation process [27].

An increased biomass of earthworms was also
reforted by Anshu'and Satyawati [28]. After the
11" week biomass decrease was observed, it may
be due to the exhaustion of food. Earthworms
?alned weight when reared in cultures of certain
ungal species [11]

The rate of cocoon formation was high in the
initial hydrolytic phase and little drop inthe final
maturafion phase. It is the best Indicator to
evaluate the vermicomposting process [29]. The



cocoon formation in \(ermlcomﬁostmg showed
the substrate utilization for the growth and
reproduction of the earthworms, The results are
equal to the reports of Anshu and Satyawati [28],
a pronounced increase in the number of
earthworms as well as the cocoons was observed
during vermicomposting. The reduced cocoon
formation in microbial inoculated medium on the
75" day represents the depletion ofthe substrate,
attaining the stability “and maturlt?/ of the
compost.” It was supported by the fac that the
rate of cocoon production was increased
followed by decrease on later stage accompanied
due to loss of their reproductive condition [L].

The food consumption rate of earthworms during
initial critical period gperlod of acclimatization
of earthworms' in waste system) determines the
survival rate of earthworms in vermibeds. The
C: N ratio of initial feedstuff may also be a
limiting factor for the feed consumption rate of
earthworms ;30]. The duration required for the
adaptation ot earthworms into a new media may
be the causative factor for the mortality of the
earthworms In vermicompost during the initial
period. Growth retarding substances in feedstock
may also affect the earthworm population in
vermibeds [31], and consequently affects
earthworm survival in vermibeds.

The number of earthworms and the yield of the
final compost from microbes inoculated
vermicompost confirms that inoculation of
selected mlcroor?amsms hasten the degradation
of or%amc matfer and CPromqte earfhworms
?rovvt . The protozoa ang fungi are assumed to
orm a substantial part of their diet [32]

CONCLUSION

The determination of humic acid level, microbial
biomass (CO, evolution), earthworm biomass,
cocoon_formation, earthworm mortality, and
yield of the final compost in the vermicompost
prepared from tapioca solid waste provides
Information about substrate availability, which
reflects nutritional transformation and
maturation. The use of suitable microbes alon
with earthworms increases the rate of composting

process. The present study supports our previous
study on physico-chemical properties and
microbial influence on 3:1 ratio of TSW: CD for
the production of high quality vermicompost.
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