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THE PHYSICO-CHEMICAL CHARACTERISTICS AND MICROBIAL
INFLUENCE ON TAPIOCA SOLID WASTE VERMICOMPOSTING
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Department of Biochemistry, Biotechnology & Bioinformatics
Avinashilingam University for Women, Coimbatore- 641 043 Tamil Nadu
INDIA

Phone: 091(422)2440241, Fax: 091(422)2438786
Email: tmvrmal@rediffmail.com

ABSTRACT

Vermicomposting is the most economical and sustainable option for organic waste manage-
ment. Tapioca solid waste (TSW) is one of the major biodegradable wastes containing high
amounts of organic matter. Utilization of earthworms to breakdown organic wastes is gaining
importance in solid waste management in different parts of the world. Trichoderma viridae, a
cellulase producing fungi and Bacillus polymyxa a free living nitrogen fixing bacteria enrich the
nutrient content of final compost. The present study has investigated the suitable ratio of tapi-
oca solid waste (TSW) and cow dung (CD) to obtain high quality vermicompost and also to as-
sess the combined effects of poly culture worms and microbes on tapioca solid waste vermi-
composting by analyzing the physico-chemical properties of the final compost on the /S day.
The increased levels of nutrients suggest that the suitable ratio of TSW and CD treatment mix-
ture was 1:1, 221 and 3:1.The per cent increase in N, P, K, Ca, Mg, Fe and other trace ele-
ments were significantly high in the 3:1 ratio sample, which proved to be the most effective
treatment mixture. Similarly, there was an increase in the macro and micronutrients (N, P, K.
Ca, Mg, Fe, Zn, and Mo) and decrease in Na, Cu and S contents in media treated with a com-
bination of earthworms with microorganisms. Thus, our study showed that the combined use of
T. viridae and B. polymyxa with polyculture worms was the best method for tapioca solid waste
composting.

Keywords: Biodegradation, Organic matter, Polyculture worms, Trichoderma viridae, Bacillus
polymyxa

INTRODUCTION

Tapioca or Cassava is a major cash crop in South India.
Tlicrc arc about a thousand tapioca factories in South India,
processing tapioca tubers ,into starch and sago. The residue
Icfl out from this operation is' called tapioca solid waste

*Ir/(/fcvv for con c'spondc’nce am! reprUus

(TSW) and is generated at the rate of 15-20% per ton of tapi-
oca tubers processed. The accumulation of this waste near the
tapioca industrial area leads to foul odours due to microbitil
action. It causes the growth of undesirable microllora in the
soil, creates fly menace and water pollution. Tapioca waste
requires extensive biologictil treatment to reduce its polltition.
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potenii;il iiiul this involves a heavy capital whieli is beyond
the capabilities of numerous small scale tapioca industries
(Banu d al.. 2008, Christy and Ramalingam, 2005). Vermi-
eomposting offers solutions to biodegradable waste as well as
provides nutrient rich biofertilizer. Earlier studies on cassava
peel have proved it to be a potentially valuable resource ma-
terial for vermieomposting (Mba, 1996). Tapioca solid waste
acts as a potential food for worms due to high content of or-
ganic matter (OM).

Plant organic wastes such as sugarcane bagasse, coffee
pulp, coconut waste tire! betel nut residue, banana stems, saw
diisi, bamboo leaf litter, vegetable waste and so on arc used
for vermicomposling, Proper titili/ation of various wtistes can
improve soil physical emulition aiul environmental quality as
well as provide nutrients to the plants (Mishra cl iil.. 19S9).
Vermieomposting is a low cost technology and a viable alter-
native for the processing or treatment of organic wastes
(Hand cl ill., 1988). The earthworms fragment the organic
waste substrates, stimulate microbial activity and incretise the
rate of mineralization aiul rapid conversion of the wastes into
humus-like suhstanees with t liner structure known as vermi-
eompost. I'arthworms leal on organic matter and utilize only
trace amounts for their growth anil survival and e.xcrete large
amounts of the consumed material in a partially digested
tbrm as vermieasts. The process involves physical, mechani-
cal ;ind biochemical activities. The physical and mechanical
processes include mixing and grinding, whereas, biochemical
processes include microbial decomposition in the intestine of
the earthworms. Earthworms can consume all kinds of or-
gtmic wastes, two to five times their body weights and after
using 5-10 per cent of the feed stock for their growth, they
excrete mucus cotitcd undigested matter as nutrient rich ver-
micasts (Nedgwa e! al., 1999).

'I'nree species of earthworms have been consistently used
for eommereial composting due to their high tolerance of
eiivironmenttil wtiritttions. lu'.sciiiafcliila. iwpularly known as
European worm or tiger worm is ubiquitotis and many or-
ganic wastes become colonized naturally by this species,
fhey hiive a wide temperature tolertmce tmd ctin live in or-
game wastes within a wide range of moisture content
(L.akshmipraba cl al.. 2007), Pcrinny.x c.vcmo/nyv is very
common in several parts of India. 1'his species is highly
adaptable and can tolerate varying degrees of moisture. This
is a huge earthworm, native of Africa commonly known as
Aliiean night-crawler that grows rapidly and is quietly pro-
lilic, Ihe uorm I‘crloii\\ cxaiviilii.'i inhabits litter heaps or
any oilier degrading organic matter such as cow dung on soil
greyish white in colour and shiny, thicker and longer, nearly
16 ems compared to Pcriony.x c.xcuvam.x and present in the
upper layers ot the soil and feed on organic waste and leaf
from helping in compost production tlkirihasarathi and Ran-
ganathan, 2000).

Inoculation of suittiblc cellulolytic and lignolytic strains
id microorganisms have been reported to hasten the rate of
composting which in turn leads to the enrichment of nutrients
in the linal product (Tiwari cl al.. 1989). Trichodenna viri-
(lac. a ccilulase producing fungi considered as an effective

inoculant for composting (Manna cl al., 200.5), Inoculation id
free living nitrogen fixing baeteii.a Bacillu.x ;n>lyniy.\ti during
composting increases the nitrogen content of the stabilized
product (Kaushik cl al., 2004). The nitrogen fixing ability of
bacteria depends on the organic wastes used. All the microbes
present in organic waste arc not killed during passage through
carthwonn gut (Hendrikson, 1990). The quality of the com-
posts depends on several factors viz. type of substrate, aera-
tion, humidity, temperature and earthworm species used dur-
ing composting (Pramanik el al., 2007).

Hence, the present study investigated the suitable propor-
tion of substrate (TSW) and eo-.substrale (CD) as well ns the
effect of microbes on vermicontposl by analyzing the phys-
ico-chcmictil properties of the linal compost.

MATERIALS AND METHODS

Tapioca solid waste (TSW) was collected from Yo.gesh
Sago Factory, 11 Pudupatti, Dharmapuri district, Tamil Nadu.
South India, shadow dried and powdered to redttee the pani-
cle size. Cow dung (CD) was also collected and shadow
dried. Each experimental cistern contained 5kg of feed mix-
ture with varying proportions of TSW and CD viz 1.1, 2:1,
3:1, 4:1, 5:1, 6:1, Each experimental ratio consisted of four
media. Medium-1served as control (C). Medium-2 served as
worms (W), where a mixture of three types of earthworms
was introduced and maintained as 10 worms/Kg of the feed
mix. Medium-3 served as worms and microbes (W-i-M), 10
worms/kg and two types of microbes {Trichodenna viridac.
Bacillus polymy.xa) 50 ml of fresh culture /kg of feed mix was
introduced. Mcdium-4 served as only microbes (M) both
types of microbes was introduced 50 ml of fresh culture/kg of
the feed mix. The feed mixture was allowed to partially de-
compose for 20 days before treatment. For each treatment
medium three replicates were maintained. After 75 days the
composts were collected, air dried, sieved and used foi' phys-
ico-chemical antdysis.

'fhe pH was measured in 1:10 (W/V) vcrmicompost wit-
ter suspension using water analyzcr37l (systronie). Elcctric;il
conductivity was determined in 1:10 (W/V) vcrmicompost
water suspension using water and soil analysis kit (Model
191E). Total organic carbpn and organic matter of the vcrmi-
compost was estimated by using the standard dichromaic
gen, phosphorous, and poliissium were dclciinincd by mi-
crokjcldhal, spcciropholoinctric and llame photometric mclh-
ods respectively. The coiicentration of sodium, ciilcium, iron,
magnesium, zinc, copper, molybdenum and boron were dc-
tennined by using atomic absorption spectrophotometer. (N;t
and Ca metals by flame photometer systronie 125 model, 1
Mg, Cu, Zn, Mo, B flame AAS/Graphite flimace by direct
aspiration of the solutions into an air acetylene or nitrous
oxide acetylene flame). Sulfur was determined by gravimetric
method (Blumenthal el al., 1935), The starch and cellulose
content ot the TSW and CD was estimated colorimcirically
using anthronc reagent (Hodge and Hofreiter, 1962). C:N
ratio was calculated by dividing the percentage of carbon



pt’rcentage by nitrogen.

STATISTICAL ANALYSIS

The whole experimental data was collected and expressed
as mean + SD. They were analyzed statistically with the
computer software SPSS. Statistical comparisons were per-
formed by one-way analysis of variance (ANOVA), followed
by Duncan’s Multiple Range Test (DMRT). The results were
considered statistically significant if the p values were 0.05 or
less.

RESULTS AND DISCUSSION

The physico-chemical characteristics of the TSW and CD
are presented in Table 1 The TSW contains high amount of
OM (95.92%), organic carbon (OC) (54.34%), cellulose
(22.5%), starch (11.3%), sodium (0.80%) and sulfur (0.90%).
The concentration of nitrogen, phosphonis and potassium
were however low. The earthworm survived in high content
of sugar and nitrogen (Satchell, 1967). Since TSW lack sufU-
cient amount of major nutrients to support the growth of
earthworms and microorganisms, it was decided to supple-
ment it with cow dung. Since CD contains high levels of N,

TABLE 1
Physico-chemical characteristics of undccomposed TSW and CD
1
cD

pti : 6,4+0.16 5XH003
IXtils m-I) 2.X03) 33021
OVPA 95.9240,10 66.36+0.80
ocX %3).0.4 36.67 1004
N% 0,83+0.10 1234020
1% 0.39i0.012 0.50+0.010
K% 0.2010.02 0.71+0.024
NIin 0,902 0.45+0.02

0.70+0.04 6.2+0.09
idl'o 0.002+0.0003 2.43+0.09
ML 0.21i0.03 05+0.01
(u% 0,002i0,000I 0.3010.03
Zni, 0.0060'0.0003 0.0010.003
Mo% 0.0054+0.0004 0.080+0.001
Slo 0.11=0.004 0.08+0.001
)% ., (.02i0.003 0.03+0.002
CN &1 21
Slardi*/o 11.3+0.30 0.06+0.001
Cellulose % 25023 25011

rSU/ Tiifiinci wild misle. CD; C»-diirf; m

Cl,.,UC,«ST,CS

HCS rsHO.V, SOUO,,.STP. vPKMOOS.rGsTISO



P, K Cii, Fc and other trace clcincnts. The earthworms prefer
hijther tiutintity ofNPK and ealciimi (Cooke Luxton. 10SO).
The pliysico-elicmical characteristics of each experimen-
tal medinm in ilic TSW anil Cf) feed mixture I:l to 6:1ratios
are presentetl in 'fables 2-7. The physico-chemical antilysis of
the vermicompost indicated that the pH increased over con-
trol in all treatment media. A major increase towards ncittral-
ily (7,04) was observed in the 3:1 ratio W+M treated mc-
diittti, and this increase was about 12.5%. The pH around
neutrality provides valuable inl'ormalioti ttbout the dccotnpo-
sition stitgc of organic matter during the humification proc-
ess, Thb pH close to neutrality also itidicatcs that there was
biological stabilization of the product. The decomposition of
organic matter leads to the fortnation of (NHj*) ions and hu-
mic substtincc. These two components have exactly opposite
effects on the pH, Preseticc of carboxylic and plicnulie groitps
in luttnic ttcid caused lowering of pH. while titntnoniutn ions
Increased the pH of the system. The cotnbined effect of these

two oppositely charged ions actually regulates the pH of
icrtnicotnpost leaditig to a shift of pH towards ttetttrtility
(Komilis and Ham, 2()"06).

The electrical conductivity (1;C) was significantly in-
creased in all treatment media. A tnaximum increase (45%)
was obscn'cd in the 3:1 ratio VW+M treated medium. The iti-
crease in EC tnight have been due to the loss of organic tnat-
ter weight and release of differctu mineral salts in availahlc
forms such as phosphate, potassium and ammonium (Kaviritj
i7 ai, 2003). A gradual iticrcase in EC was observed with
increase in decotnposition lime (Wong et al., 1997),

A high degree of OM reduction was observed in all
\W+M treated media (70%, 74.14%, and 72.43% in 1.1, 2:1,
3:1 ratios respectively). The percent reduction over cotttrol
was more in the 3:1 ratio (14,3%) followed by the 2:1 ratio
(12.3%) atid the 11 ratio (11.3%), A grudiml rccktction with
the stabilization of OC was observed. The organic matter in
soil and vermicompost acted as a buffer for many deficien-

TAIU.E 2

I’hysico-chcmlcal clianicterislics of vermicomposied TSWtCD (1:1 rittlo)

(m IF in M M

Fit 6.0Mi:().02a 6.50i0.04b 6.70x0.12¢ 6.20+0.04a
EC (Us m-t) a000%a 5.0+0.05b 5.31x0.02¢ 4.1+0.004a
oM, 7,530 7tii 72.0ti0.07b 70.0i0.10¢ 74.0£0.02ii
ocl, 46.0i0.07a 41.110.20b 35.240.10¢ 40.70+0.12b
N% OySiOtJla 2.74+0,05b 3.78+0.08¢ 1.41+0.10d
e, 0.50x0.012j (0.55%0.02b 0.59+0.(:.Ic 0.53x0.03a
KK, 0.48x0.02-1:1 0.58+0.01b 0.63:+0.00 Ic 051+0.01a
NI, 0651d.02:i 033i0.024h 0.29.i0.03b 0.64+0..03a
't 3.7010.05:1 5.43t0.05b 5.53x0.4 Ib 4,00x0.30a
i, t.33i0.t2a 3.30i0.t0b 4.00t0.12¢ 1.70:1010(1
Nip'.. d3(H(.(3:i 04+ IOt 0.4610.00 Ic 0.4010.02(1
ar, 0.0t4i0.00tii 0.012j:0.002b 0.011+0.001¢ 0.0143i.0.002a

0.045.10.0(14 u 0.062x0. 002b 0.072x0.002¢ 0.048x0.00 la
Nto% 0.0090:10.000 la 0.0160x0.00 Ib 0.0200+0.003C 0.0098x0.0002:1
S% 0.56x0.02a 0.48r0.0lb 0.40x0.0 Ic 0.57x0.07a
M 003 1:0.0(T2a 0.040.".,0.004b 0.052x0.00 le 0.033x0,002a
("N 151 09:1

20:1



Physico-chemical

c \V yy+M

pH 6.2+0.05a 6.7+0.05b 6.9+0.023C 6.4+0.07a
EC(ds cm-I) 3.60+0.02a 4.74+0.032b 5.1+0.040C 3.70+0.10(1
OM% 82.30+0.2la 74.80+0.08b 72.14+0.30C 77.00+0.33(1
0C% 48.00£0.20a 42.20+0.13b 37.50+0.32C 42.10£0.60b
N% 0.96+0.2 la 2.70+0.032b 3.72+0.02C 1.43+0.012(1
P% 0.44+0.02a 0.52+0.02b 0.58+0.02C 0.48+0.01(1
K% 0.39+0.03a 0.460.032b 0.53+0.0lc 0.42+0.02a
NM 0.7310.02a 0.361.04b 0.31 10.02b 0.7610.02a
fa% 3.20 H).024a 4.XOi0.10b 5.0310.10c 3.60111.20(1
I'clo 1.04+0.1 la 3.00+0.012b 381 10.10c 1.3310.02(1
Mg% 0.31+0.0la 0.41+0.02b 0.43+0.03b 0.35+.0,040a
Cu% 0.011+0.00 la 0.009+0.0002b Q0Cs+0000IC 0.01210.0002(1
/.n% 0.034i0.003a 0.05+n.004b 0.0610.004c 0.03,810.001a
Mo 0.006,i,0.()003a 0.012+0.001b 0.01410.001 c 0,007111.0004(1
% 0.63+0.03a 0.53+0.012b 0.42+0.012c 0.6510.03a
5% 0.022+0.003a 0.030+0.002b 0.039+0.002C 0.024+0.001(1
f:N 50:1 161 101 2.1

dcs in soil, it forms the main source of energy for both soil
organisms and plants and arc also useful in maintaining soil
physico-chemical properties (Christy and Ramalingam,
20()5).

Application of microbes with worms recorded high loss
ofOC in all the treatment media. Among the six ratios, the
.LI W+M treated medium showed high reduction in organic

fc-arbon (32.4%) in which it has high proportion of TSW than

n:l (38.2%) and 2:1 ratio (35.3%). The percentage of reduc-
tion over control was high in the 11 W:-i-M treated medium
(23.5%) followed by 2:1 (21.9%) and 3:1 (21.4%). This was
due to the mineralization of the organic matter and higher rate
of decomposition by microbes during the vemiicomposting
process and the loss of water soluble carbon compared to the
labile carbon existing in the initial substrate (Garcia et al.,
1995).

Total kjeldhal nitrogen (TKN) was high in the 11 ratio
Wt-M treated medium (3.78%), due to high proportion of
cow dung. I13ut the TKN percent increase was high in 3.1 ratio
(288.4%) of W+M treated medium. Microbial inoculation in
mhe biodegradable organic waste increased the TKN content
ol vermieompost. The Cow dung recorded maximum.increase
in nitrogen content (275%) upon microbial inoculation (Pra-
manik a al.. 2007). Increase in TKN content in the vermi-

compost on inoculation of lignolytic fungi T.viriilac might be
due to enhanced decomposition of organic mtitter, leading to
decrease in the organic carbon content (Vicl et al., 1987).
Thus a dcercusc in the C:N ratio in the vermieompost as
compared to the initial organic substrate might be due to the
relative increase in the TKN on loss of dry matter organic
carbon as CO:, tS well as water loss by evaporation during
mineralization (Viel cl al.. 1987). The decrease in C:N ratio
over time might also be attributed to increase in the earih-
womi population (Nedgwa and Thompson, 2000). The TKN
content of vcmiicompost depended not only on the quality
and quantity of initial organic materials but also on the extent
of nitrogen fixed by free-living nitrogen fixing bacteria (Kale
ctal., 1982).

A significant narrowing of C:N ratio occurred in W and
W+M treated media of 11 ratio (15:1 & 9:1). 2.1 ratio (10:1
& 10:1) aiul 31 ratio (10:1 & 11:1). 'T'he C:N ratio is an im-
portant criteria of good manure. It shoukl lie between It) and
20. The plant cannot assimilate mineral nitrogen unless the
C:N ratio is 20:1 or less (Edwards and Bohlcn, 1996). In the
present study, a significant reduction ofOM, OC and C:N in
W+M & W treatment groups of 1.1 to 3:1 ratios and results
fall in line with the already reported results (Karmegam et al.
2000,

Tin; I'lYSICO-C'UF.MIC.M CHARACTKRISTICS AND MIC ROBIAL IN-FU-FSCT'. OS TAI'lOL A SOLID WAS IT; VHRMICOMI'OS 1INCi



If I+A

pH 6.26+0.02a (m>.X1i0.04b 7.043i0.02¢ 6..6.t0.02d
HCitts m-t) 3.4i:0.0t2a 4.55r0.020b 4.93+0.02c 3.52=0.040
0.M% 84..50+0.40a 7.5.30i0,50b 72.43i0.50c 78.70.H.00
o f% ). t0i tCa 43.5(H f.0b 3041)tl.am 43.20i0..S0b
N% 0.9.540.012a 2.ht)x0.03b 3.r)9+0.03« 1.4.6)0.0.60
B ul).42=0.02a 0.5r,i0.02b 0.63i0.05¢ 0.50x0.01b*
KTi. 0.3C>:in0ta 0.44+0.0lb 0.52+0.02¢c 0.4 1x0.0tb
Ne'™,. 1).74it).t)la 0.34;L1).n3b 1).29i.0.02¢ 0.70)0.0 la

2.t7m.)2Ha 4.4('..10.n241> 4.90.i0.1)2c 2.70.10. too

0.74,3i0.0ta 2.X3T.0.0/4b 392*0,02¢c 1.20.t0.Q4m
Mg% 0.3()i0.0t2a 0.43TU.f)24b 0,.64x0.0) Ic 0.3.1=0.0120
Clim nODJ 1:L().(K)02a n.0()7!T).0004b 0.004x0.00 to 0.0(190.!0.00020
xhii;. n.n2,s4miiiii2a 1).1)44il).1)lltb 0.0.6210,00 K 0,029)0,00 m
Mo'l-I 0.006t.0.0005a 0.014+0.00tb 0.0t8+0.00tc 0.007=0.0001 a
S's, n.P7i(t.(ta n..s: i().01)2b 0.43.10.0tc 0.71)! 0.1106;|
1% O0t7+0.00la 1).f)30i0.001b 0.040+0.004c 0.022:0.003a
CiN Stl >t It; 30:1

Touil phosphorous (TP) and tolnl potassium (TK) was
liiglt in llic W+M treated medium. Tlie. 3:1 ratio showed high
pereentage of inerease in total phos|ihorous (50%) and total
poiassium (44,4%), Aeid produetion during organie matter
deeomposition by the mierotrrgattisms is ;i major meehanism
for solubility of insoluble phosphorous and potassium. Also,
the pereentage of large number of mieronora in the gut of
etirthworms might play an important role in increasing P and
K content in the process of vermieomposting (Kaviraj, 2003).
IS polymy.xa, being a free living N-lIxing haeterium, in-
ereaseti the NOf concentration in vermieompost. Higher
phosphorous content in the B. polyniyxci treated vcrmicom-
post might be explained by the higher adsorption rate of NO3'
tmions which replaced PO ions from humic colloids thereby
releasing the PO.f ions in the system (Alexander, 1977).

The level of ealcium was found to be high in the I:1 ratio
W+M treated medium (2.37%). An optimum per cent in-
cicase was found in 3:1ratio (106.8%). The Mg content was

high in the 3:1 ratio W+M treated medium (0.,547;)), followal
by the |:1 ratio (0.46%) and 2:1 ratio (0.43%). Inerease in (i
iind Mg content was observed in vertnieompost (.loshi and
Kelkar, 1952, Kale and 13ano, 1988). The inercaseil level of
Ca and Mg in the vermieompost may be due to the increased
microbial and enzyme activity in the gut of earthworms (P j~
thasarathi and Ranganathan, 2000). High content of iron (flr
was found in the 11 ratio W+M treated medium (1,33%), hut
the |)cr cent increase was high in the 3:1 ratio W nM treated
tnediurn(427.5%). This was due to the maxitmim activity of
worms with microbes. Iron is the most abundant metal in the
compost. The production of organic acids during compo.stine
and funher mineralization resulted in the increased conceio
tration of iron (Diaz e/a/,, 1993).



_ _ TABLES
Physico-chemical ¢haracteristics of vermicomposted TS\V;CD (4:1 ratio)

c ly 1P+3/ A

pH 6.32.£0.02a 6.72+0.02b 6.9+0.04c 6,44:10.12a
EC(ds m-1) 3.20+0.004a 3.92+0.01b 4.2+0.012c 3.28+0.00la
OM% i 88.04+0.02a 82.3+0.02b 79.05+1.0c 83.80+0.20(1
OC% 52.01+0,04a 48,040.40b 47.2+0.60b 48.05+0.02b
N% 0.90+0.02a 2.2+0.12b 2.81+0.40C 1.2+0.12(1
P% 0,41+0.02a 0.45+0.02b 0,48+0.0 b 0.4470.01 a
K% 0,32+0,0la 0.38+0.012b 0.41+0.04b 0..3410.03a

Oy.Si00In 0.45i0,()2b 0.4111UMI) OVUO.O’ii
Cii% 2.09U).02a 2.x 10051) 3,0)0,501) 2.2210.02m
Fc% 0.52+0,01a 1.21+0.032b 1.40+0.12c 0.65+0,03(1
Mil% 0.31£0.03a 0.36+0.03b 0.38+0.0lb 0.3310,03b
Cu% 0.007+0.0002a 0.006 1+0,0002b 0.0056+0.0002b 0.007 1i0.0002a
Zn% 0.022+0.00 la 0.030+0.00 Ib 0.034+0.00 Ic 0.024+0.001a
M0% 0.005+0.0001 a 0.008+0,0001b 0.012+0.00 Ic 0.0054*n,0002a
S*o 0.71+0.02a 0,63+0,04b 0.57+0.002b 0.74+0.0la
B% 0.016+0.001 a 0.020+0.002b 0.026+0.001c 0.018+0.00 la
CN 571 21 171 40:1

A reduction in the levels of Na and S occur in all media An increase in Zn was found in all the treatment media.

except control and microbe treated medium. The 3:1 ratio
W+M treated medium showed a high percent reduction in Na
(«).S%) and S (35.8%). The results confirmed that the pres-
eiiee of microbes enhance the aettvity ot worms. It also indi-
eatetl the worm action was optimum in this group. In general,
still'ur is an essential element for the synthesis of amino acids

vitamins. The reduction in Na and S levels may be due to
their utilization for womi growth and biomass production

A maximum increase was in the 11 ratio W+M treated me-
dium (0.072%); it may be due to the availability of high pro-
portion of cow dung. The percentage increase was high in the
3:1 ratio W+M treated mediutn (104.7'Vo). The levels ol Mo
(0.02%) and B (0.052%) were high in the 11 ratio W+M
treated medium. An optimum percentage of increase for Mo
(200%) and B (135.3%) was high in the 3:1 ratio W+M
treated medium, A maximum reduction in Cu was observed

(Ramalingam and Ranganathan, 2001). in the 3:1 ratio W+M treated medium (0.0061%) with the

TABLE 6
Phvsieo-chcmical characteristics of vermicomposted TS\V:CD (5:1 ratio)

c 1f 1f) U M
i 6.34) 0,02a 6.72 10.021) 0.X1i0.0.51) 6.4010.08a
: 4.00%x0.21b 3.1 Ki0.02a
1:f(ds in-1) 3.1 1+0.02a 3.80:0,2b

'82.3.-.0.01b 80.03+2.0b 86.210.70a

OM % 88.3+0.90a
50,3+3.0a 49.00+1.0a .5'0.33i.3.0a

U fi 53.02t2.0a
2.0.r.0.22b 2.30+0.30b 1,111).20a

N% 0.88+0.02 la
0.40i0,004a m 0.43=.0.024a 0.45i0.04a 0.42.t0.20a

(coni

3NCE, ON TAPIOCA SOLID WASTE VERMICOMPOSTING
TME. PHVSICO-CHEMIC XL CHARACTERISTICS AND MICROOIAL IN-ELUI



K%

Ca%
I-cyi
My'U.
Cii%
y.nV«

MciYo.

SiL

HU.

I'll
l;@ml.'<in-1)
BWX
ov-u

N%

1'%

opiimiim percentage of decrease (56%) over control. The
total micromiiricnt was higher in vermicompost than com-

n..3().n,04a

n.75t0.02a
1.5£0,|l)a
0.-)4=.0.0la

0.21x0.02a

D.OMyj 0.000.3a

0.0210.00.3a

0.0n43:i-.0,n002a

0.7.3;=0.02a
0.0134i0.00la

5S;1

Physico-chemical characteristics of vermicompostecl TSW:CD (6:1 ratio)

IF

0.3430.0121)

0.51£0.02b
2.6.t0.30b
0.y7i0.04b

0,24-0,01la
0.0034i0.0003b
0.024t0.001b
n,006i0,0002h

0.68=0.021)
0.019:0.002b

25:1

TABU', 7

nw.\r

0..30i0.02b

0.4.3i0.02c
2,7i0.22b
1.10+£0.02c

0.26:0.02a

0.005i0.0004b

0.028t0.001b

0.0088'0.000 Ib

0.66--:0.001b

0,021.-0.002c

21:1

c (e} I'r.u
6.4:0,020a 6,72+0.0lb 6.8.t0.12b
3.05k00.3a 3,62i0.024b 3,84i0.03¢
88,07+0.02a 83.05i0.03b 80.08+0.02Ic
54.30i7.0a 52.40 i0..50b 50,40..: 1,0c
0.86*0.012a 1.80:0.2 b 2,05+0.40b
0.3010,02a 0,41 i:0.02a 0,43.0.02a
0.2810.02a 0,3110.01a 0,3.310.024a
0.7611),02a 0.5510.041) 0.401,0.0.3b
1,8010.0la 2.20,i 0.20b 253 (-0.44¢
0.30.i0.U04a 0.75+0.04b 0.90i0.03¢
0.21i0.02a 0.23+0.03a 0.26+0.02b
eloceloleve . 0.0056i0.0002b 0.0052i0.0002b
0.0ISi0.00la 00I0i000Ia 0.0220,002b
0.0044] 0.0002a 0.0052) 0,0002b 0.0069:0.0004¢

0.7Xi0.0la 0.73.i0,01b 0.71i0.01b
0.016+0.002a 0.018=:0.004a 0.02%6.00 la

63:1 29:1 251
and Mkrnhi-x. M: Microhes
CONCLUSION

post, while the trend was reverse with regard to copper (Ka-

jesh ct. al., 2003).

0.31i.0.02a

0.74i.0.02a
2,0:0.3a
0,50:0.11.3a

0,22:0.0.3.1
0.006210,0i.[02a
0.02[.10.0112a
0.004Xi0.0002a
n.75i0.(il;i
0.0172i-0.000la

45:1

M

6.510.1:
311..0l101
87.06:r.0.0kI
52.02.0.012a
1,03.n.10a
Ol 10,02a
0.30]0,03a
0.7Si0.0la
190101 (la
0.42.i0.02] |
0.2230.0 la
0.006210.00(13;
0.01X5i().002a
0.004610.0002;
0,79.0.011
0.0I7r().0i]2a
50; 1

It can thus be conckided from the above findings the op-
timum ratio of TSW and CD treatment mixture was 11, 2.1
and 3:1. among these ratios the 3:1 ratio proved the be most



effective. Similarly, the levels of macronutrients and micro-
nutrients were significantly high in treatment media which
had both earthworms and microorgaiu'sms.
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