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Name Cost
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b) Sahariah, B., Goswami , L., Kim, K.H., Bhattacharyya, P., Bhattacharya, S.S., 2015. Metal
remediation and biodegradation potential of earthworm species on municipal solid waste: A
parallel analysis between Metaphire posthuma and Eisenia fetida, Bioresource Technology,
180, 230-236

c) Sahariah, B., Farooqui, I. U., Goswami, L., Raul, P., Bhattacharyya, P., Bhattacharya, S.S.,
2014. Solubility, hydrogeochemical impact and health assessment of heavy metals in
municipal solid wastes of two different cities. Journal of Geochemical Exploration, 157, 100-
1009.
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This research has rendered valuable information and knowledge for conversion of MSW solid
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environmental impacts have been done through solubility study and metal dissolution dynamics
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converting these MSWs into ecologically sound and agriculturally viable high valued organic manure
has been optimized through a parallel performance analysis employing two earthworm species
(Metaphire posthuma and Eisenia fetida). High vermicomposting efficiency of a new earthworm
species viz. Metaphire posthuma was recorded as compared to Eisenia fetida with respect to
increment in bioavailability of N, P, K and Fe. The earthworm was also highly competitive with E,
Jfetida in regard to enzyme activation, microbial diversity and activity, and organic C sequestration
capacity. Moreover, significantly high metal (Cu, Mn, Zn, and Pb) accumulation ability from MSW
and CD mixed vermibeds was shown by both M. posthuma and E. fetida. However, among different
feed mixtures MSW + CD (4:1) was found to be a suitable substrate for vermicomposting. In this
research, we have addressed the metal accumulation capacity of E. fetida through a mechanistic
approach by employing fluorescent tagging technique. The outcome of this study indicates
occurrence of some unknown metal binding proteins in earthworm gut and thus offers the scientific
community a new domain of investigation. Furthermore, vermicomposted MSW could be used as a

formidable organic manure for rice grown under alluvial soil of Assam.
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Enclosure I

The likely impact of the completed work on the scientific/technological potential of the

country
This project has come up with few significant findings, which are given in detail as below:

* Municipal solid waste (MSW) generated in two rapidly growing cities (Guwahati and
Tezpur) of North East India have been characterized in detail. The probable human health
and environmental impacts have also been estimated and through various experimentations.
Hence, the information and this publications of this research will facilitate the municipal
managers to set a holistic strategy for sustainable of management of solid waste generated in
their localities.

* The project has also accomplished to optimize the vermicomposting technology for
converting these MSWs into ecologically sound and agriculturally viable high valued organic
manure. Detail estimation of various nutrient elements and humification rates of on temporal
basis provided valuable information on vermicompost quality and maturity. Moreover, high
vermicomposting efficiency of a new earthworm species viz. Metaphire posthuma was
recorded as compared to Eisenia fetida with respect to increment in bioavailability of N, P, K
and Fe. The earthworm was also highly competitive with E. Jetida in regard to enzyme
activation, microbial diversity and activity, organic C sequestration capacity, and metal (Cu,
Mn, Zn, and Pb) accumulation ability from MSW and CD mixed vermibeds.

* In this research, we have addressed the metal accumulation capacity of E. fetida through a
mechanistic approach by employing fluorescent tagging technique. The outcome of this study
indicates occurrence of some unknown metal binding proteins in earthworm gut and thus
offers the scientific community a new domain of investigation.

* Finally, in this project we have demonstrated that vermicomposted MSW could be used as a
formidable organic manure for rice grown under alluvial soil of Assam. We also rendered
valuable information on soil quality improvement with reduced synthetic fertilizer use,
supplemented by vermicomposted MSW, without compromising the crop yield. In addition,
thorough this work a balanced nutrient management scheme has been recommended for rice

cultivation in alluvial soils of Assam.
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Enlo. Il/Annexure I: Final Technical Report
1.1 Introduction

Environmental impacts of increasing waste generation are gaining attention nowadays in India
(Mor et al., 2006). Exponential increase in population and unplanned expansion resulted in rapid
increase in solid waste generation in Indian cities.Literatures also clearly indicate that the amount
of MSW is expected to increase significantly in the near future as the country strives to attain an
industrialized nation status by the year 2020 (Sharma and Shah, 2005; CPCB, 2004).0n
promulgation of the municipal solid waste (Management and Handling) Rule, 2000, it is
mandatory for the cities to have a viable solid waste management plan (MoEF, 2000).However,
the characteristics of municipal solid waste (MSW) are highly heterogeneous; vary widely
among cities depending on the level of industrialization and living standard of the inhabitants
(Zhang et al., 2008). Therefore, the generalized plans do not suffice the actual need in many
cases. Sharholy et al. (2008) had suggested that the composition and quantity of MSW generated
be the basis of planning, designing and operating waste management system. Thus, authentic
information on waste composition is extremely important to formulate case specific management
strategies.

Many Indian workers reviewed MSW generation, composition, disposal and management
avenues generally applicable for Indian cities (Karak et al., 2012). The major findings of these
studies are the wide variation in characteristics of MSWs, which mostly depends upon the factors
discussed earlier. However, comparative analyses of waste characteristics in regard to human
health and environmental risks are yet to be addressed adequately for Indian cities. In this
investigation, we have characterized the MSWs generated in Tezpur municipality area; as well as
the associated risks of environmental degradation has been assessed through studying the
solubility dynamics of pollutants.

Bioprocessing of MSW can be an effective proposition because of organic constituents in the
waste. Among various bioprocessing technologies, vermicomposting has been recommended as
a preferable option to stabilize various kinds of solid wastes (Suthar et al., 2012). The application
of earthworms for bioconversion of different types of industrial solid wastes has been discussed
and reviewed (Hickman and Reid, 2008; Ravindran et al., 2008; Subramanian et al., 2010;
Goswami et al., 2014). Earthworms grind waste materials into finer substances by their gizzards.

Subsequently, their gut microflora mineralizes organically bound nutrient elements into



bioavailable forms and releases the mineralized materials through their excreta. As such, these
earthworms can remediate heavy metal species in the processed product by accumulating metals
in their intestines as metal bound protein metallothioneins (Goswami et al., 2014). The
metallothioneins fix the metal ions by forming organometallic complexes. When the earthworms
die, these protein-bound metals are exposed to soil environment and retained in the humic
substances of soil in immobilized forms (Nannoni et al., 2011).
Previously, Bisht et al. (2007) observed the reproductive potential  of
endogeicMetaphireposthuma in cow dung manure. It has also been reported that Metaphire
posthumacan significantly modify soil aggregation and porosity (Bottinelli et al., 2010).
However, vermicomposting efficacy of Metaphire posthumahas not yet been explored as
bioagent for vermicomposting. To the best of our knowledge, this study presents in detail for the
first time the potent role of a new endogeic earthworm, Metaphire posthumain future
vermicomposting applications.
1.2 Objective of the study:
1. To convert the solid waste into organic manure for better nutrition to crop plant through
vermicomposting technology.
2. To study the changes in soil health due to application of vermicomposted product from
solid wastes.
3. To demonstrate the efficiency of vermicompost in reducing the use of inorganic fertilizer
in agricultural fields of Assam (surrounding areas of Tezpur).
4. To establish vermicomposting technology as a tool for sustainable use of solid waste in
rice based cropping system of this part of North-East India.
2. Materials and Method
2.1. Sample collection and segregation
Sample collection was carried out in Tezpur town, India. Apart from adopting random sampling
procedure in collecting the MSW samples, variety in selection of locations was also maintained.
MSW samples were collected in waste disposal bags by taking standard precautions using
gloves, masks etc. and the collection was done following the methods as per the municipal solid
waste (Management and Handling) Rule, 2000 (MoEF, 2000). The bags were then properly
sealed and transported safely to the experimental site.
Collected MSW samples were primarily segregated into biodegradable and non-biodegradable

fractions.All the representative samples are mixed together to form two composite samples one



each from Tezpur. The composite samples were then subsequently air dried and used for the
study taking three replicas.

2.2 Procurement of cow dung (CD) and earthworm species

Urine free cow dung (CD), collected from a nearby dairy farm was used as the organic source to
subsidize and facilitate the biological conversion process. Non-clitellated juvenile Eisenia fetida
specimens were collected from the vermiculture unit managed by the Department of
Environmental Science, Tezpur University, Assam, India. Indigenous endogeic
earthworm,Metaphire posthuma specimens were primarily isolated from alluvial soil near
Tezpur and their species verified by the Zoological Survey of India under the Ministry of
Environment and Forests, Government of India. Subsequently, the collected specimens were
bred in our vermiculture unit in a 50:50 mixture of soil and cow dung for two months and
subsequently used for the study.

2.3 Physicochemical characterization: Proximate analysis for moisture content, ash content,
volatile matter and fixed Carbon were done by following Kalanatarifard and Yang (2012).
Physico-chemical properties of the MSW samples were analyzed by employing established
methodologies (Page et al., 1982). Heavy metals (Fe, Cu, Mn, Zn, Pb, Ni, Cd and Cr) were
analyzed according to Lindsay and Norvell (1978) by Atomic Absorption Spectrophotometer.
Moreover, the human health risk analysis was carried out by computing the hazard quotients of
various metals according Chabukdhara and Nema (2013).

2.3.1Study of the solubility patterns of ions using geochemical modeling: We determined
water-soluble concentration of different elements in the MSW samples following Bhattacharyya
et al. (2011) and Goswami et al. (2014). The samples were mixed with distilled deionized water
(2:10 (w/v)) in conical flasks. Data collected from 7-, 14-, and 21-day solubility studies were put
into the Visual MINTEQ for speciation, saturation indices (SI), and ionic strength determination.
Saturation index (SI) for each solid is defined as log IAP —log Ks (IAP, ion activity product; Ks
being the temperature-corrected solubility constant). When SI>0, it indicates that the solution is
oversaturated; when SI<0, the solution is under-saturated; and when SI=0, there is an apparent
equilibrium with respect to the solid.

24 Experimental design for bioprocessing techniques: Three bioprocessing systems, viz.,
aerobic composting and vermicomposting (with Eisenia fetida or Metaphire posthuma) were
employed in these experiments. Round shaped, perforated earthen vessels (0.60 m diameter and

0.45 m height) were used for the study. Prior to incubation, various ratios of MSW and CD were
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thoroughly mixed. Four kg of each mixture was poured into the vessels and incubated separately
with E. fetida or M. posthuma(10 worms kg? substrate). Moisture content was maintained
uniformly at 50-60% for all three bioconversion systems by supplying water at 2-3 day intervals.
Moreover, adequate aeration was provided by churning for 30 minutes twice a day throughout
the incubation period (60 days). Experiments were done in triplicate for each combination.
Changes in elemental composition were monitored by removing samples at 0, 30, and 60 d
during the incubation period from each replicate.

The following combinations of MSW and CD were used for the study:

E1- Only MSWE fetiga M1- Only MSWw. posthuma C1- Only MSWcomposting
E2- MSW + CD (2:1)e. fetida M2- MSW + CD (2:1)m. postuma ~ C2- MSW + CD
E3- MSW+CD (4:1)e tetida M3-MSW + CD (4:1)m. posthuma (2:1)composting C3- MSW +
E4- CDk. fetida M4- CDw. posthuma CD (4:1)composting

C4- CDcomposting

2.4.1 Analysis of physicochemical properties, carbon fractions, and microbial compositions
The procured MSW and temporal changes in bioprocessed materials were analyzed for easily
mineralizable N, available P, available K, degree of humification (DOH), fulvic acid C (FAC)
and humic acid C (HAC) following the analytical procedures of Page et al. (1982). In addition,
the diethylenetriaminepentaceticacid (DTPA) extractable metals (Fe, Mn, Cu, Zn, and Pb) were
assayed following the procedure of Lindsay and Norvell (1978) with the help of an Atomic
Absorption Spectrophotometer (AAS). The total bacterial count was obtained using nutrient agar
media (Parmer and Schmidt, 1964). All elemental analyses were performed following the general
quality control (QC) guidelines published by Tezpur University.

2.5Fluorescence probes of Zn and Cd: Chemistry and utility

Synthesis of Ligand (L1): Using a 250 ml round bottom flask, 2-amino 6-methyl pyridine-2-
amine (30 mmol) and 2-hydroxy benzaldehyde (30 mmol) was added in 150 ml toluene. To this,
50 g molecular sieves (4 A) and 300 mg Ambertlite IR-120 resin were added and stirred for 10
minutes at room temperature. Subsequently, the reaction mixture was refluxed at 150 °C for 24 h
using a Dean Stark apparatus. During the course of the reaction, thecalculated amount of water
was collected. After the completion of the reaction, the remaining amount of toluene was
evaporated in reduced pressure. Then, a yellow condensed product was obtained and dried under
reduced pressure and used for further analysis. Yield = 5.6 g (88%). IR (KBr, cm1): v = 3058,
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2969 (C-H), 1620 (C=N). 4(400 MHz; CDCly): 2.58 (s, 3H, CHs), 6.96 (t, 1H, J = 7.5 Hz), 7.03



(d, 1H,J = 8.0 Hz), 7.12 (d, 1H,J= 7.8 Hz), 7.15 (d, 1H, J = 7.8Hz), 7.40 (d, 1H, J= 7.8 Hz,), 7.52
(d, 1H,J = 7.6 Hz,), 7.70 (t, 1H, J = 7.8), 9.47 (s, 1H, HC=N), 13.52 (s, 1H, OH).

2.6 Metal accumulation in Eisenia fetida

Non-clitellated juvenile Eisenia fetida specimens were collected from the vermiculture unit of
the Department of Environmental Science, Tezpur University and reared in urine free cow dung
for two weeks. Fluorescent-labeled Cd (CdL1)and Zn (ZnL1) (Conc.: 5 mg ml-t)wereadded
individually in the feed stock and then incubated for 2 months. After incubation, earthworms
were collected and kept overnight in PBS for gut cleaning. Gut cleaned, freeze Kkilled
earthworms were sonicated, and the homogenate sample was centrifuged for 10,000 rpm for 15
min. Supernatants were collected and subjected to amicon YM-50 and YM-100 filter devices
(Millipore, Bedford, MA) for separating the proteins based on their molecular weight. The
filtrate and retentate from these filter devices were collected, and the fluorescence in the
separated protein samples was analyzedby using fluorescence spectrophotometer.

2.7 Crop trial:

We are conducting the crop trial with Rice (Oryza sativa L.) in a typical alluvial soil of Assam in
Tezpur (26°41°31.8”N 92950°02.4”E). Rice was grown consecutively two seasons i.e. boro
(winter) and kharif (summer) in the same field. Vermiconverted mixtures of TSW were applied
to experimental soil (typic endoaquepts) under Rice. The experiment was conducted in a
randomized block design with three replicates during both and Boro (Summer Rice) and Kharif
(Autumn Rice) on the same field. We have selected Boro-1 and Ranjit cultivars for Boro and
Kharif season consecutively. Various combinations of vermicomposted TSW were applied to all
the plots keeping other management practices identical. We have collected exhaustive data but
only few important indicative parameters that are highly relevant to our objectives are presently
reported. The treatment combinations used for the study is given as below:

T1 - NPK100 = 100% recommended NPK
T2- NPK100+FYM = 100% recommended NPK & Farmyard manure @ 10 t ha
T3 - NPK100+VCei = 100% recommended NPK &Eisenia vermicomposted TSW (4:1) @ 10t ha

T4 - NPK100+VCmp = 100% recommended NPK &Metaphire vermicomposted TSW (4:1) @ 10 t ha?

T5 - NPK80+VCei = 80% recommended NPK &Eisenia vermicomposted TSW (4:1) @ 10 t ha'



T6 - NPK80+VCmp = 80% recommended NPK &Metaphire vermicomposted TSW (4:1) @ 10t ha'
T7 - NPK60+VCei = 60% recommended NPK &Eisenia vermicomposted TSW (4:1) @ 10 t ha

T8 - NPK60+VCmp = 60% recommended NPK &Metaphire vermicomposted TSW (4:1) @ 10t ha!
T9 - NPK80+FYM = 80% recommended NPK & Farmyard manure @ 10 t ha

T10 - NPK60+FYM = 60% recommended NPK & Farmyard manure @ 10t ha*

T11 -VCei = Eisenia vermicomposted TSW (4:1) @ 10 t ha

T12 - VCmp = Metaphire vermicomposted TSW (4:1) @ 10 t ha

2.8 Statistical analysis

We performed one-way ANOVA followed by Least Significant Difference (LSD) tests to
analyze the real temporal variations in dissolution/precipitation dynamics in TMSW.The
temporal data on various parameters (pH, CEC, TOC, TKN, CEC, HAC, FAC, DOH, available
K, P and metals) were analyzed using a two-way ANOVA with three observations per cell in
order to accommodate the temporal variations. However, one-way ANOVA was performed for
bacterial count. To identify the efficacy of different combinations of feed mixture, the least
significant difference (LSD) test was utilized.For crop trial, two-way ANOVA was performed by
following standard method for randomized Block Design. Finally for identifying optimum
treatment combinations, Least Significant Difference (LSD) test have been implemented.

3.0 Result and Discussion

3.1Characterization of TSW

The samples are alkaline in nature with the presence of organic matter in municipal solid waste
(table 1). High EC of the samples reveals the lower level of salinity in the TSW, which is an
essential character for bio-composting. Moreover, water holding capacity, porosity, cation
exchange capacity were considerably high. Status of availability of all the three major nutrients
in TSW viz., N, P and K were also found to be on higher side.However, total concentration of
metals viz. Fe, Cu, Mn, Zn, Cr and Ni, were noticeably high and thus is a matter of serious
concern which warrants further intensive study focusing on stabilization of these elements within

permissible limits.

Visual MINTEQ is a useful speciation model for measuring the equilibrium composition
of dilute aqueous solutions in the laboratory or in natural ecosystems (Zhang et al., 2008). This

model was run to predict pH dependent solubility behavior and stabilization process of chemical



agents in absence of surface complexation reactions (Zhang et al., 2008). The main products of
stabilization process as simulated by visual MINTEQ with dissolution/precipitation mechanism
are shown in table 2. In TSW saturation index (SI) value of Aragonite, Calcite and Vaterite
gradually decreased from 7 to 14 d, indicating considerable dissolution of these Ca bearing

minerals (table 2).

Table 1: Physicochemical characterization of Tezpur solid waste (TSW) (mean * standard
deviation)

Parameters TSW
pH 8.2+0.86
Conductivity(uS cm ) 37+1.89
Bulk density(g ml 1) 0.754+0.08
Water Holding Capacity (%) 72.74+6.75
Porosity (%) 32.76+3.1
Particle density(g cc ) 1.09+0.14
Cation Exchange Capacity 30.69+2.7
(meq 100g 1)
TOC (%) 17.84+1.4
Total N (%) 4.57+0.56
Auvailable P (mg kg ) 119.67+9.88
Auvailable K (mg kg ) 117.5+10.6
* Total and exchangeable metals in TSW in ppm
Total Fe 1506.5+0.52
Exch. Fe 11.84+0.01
Total Cu 119.44+0.04
Exch. Cu 2.48+0.04
TotalMN | e
Exch. Mn 5.620.26
Total Zn 284.6+0.02
Exch. Zn 14.8+0.26
Total Pb 131+0.5
Exch. Pb 0.36+0.002
Total Cr 20.14+0.02
Exch.Cr | e
Total Ni 15.4+0.1
Exch.Ni | e

The precipitation of CasH(PO,)3:3H,0 increased from 14 to 21 d (table 2). Therefore, the
majority of the Ca solubilized during the study though a small part as CasH(PO,)3:3H,0
precipitated at later stage. Interestingly, precipitation of some Cu based minerals (Antherite and
Azurite) increased during the study period. On the other hand, CO3; and SO, containing minerals
(Malachite and Langite) showed substantial dissolution. This indicates considerable amount of
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Cu solubilized during the study period. Similarly, considerable amount of Zn solubilized from
Zincite and ZnCOs.

Table 2: Saturation index values of minerals having precipitation potential in the MSW samples

TMSW
Mineral 7 Days 14 Days 21 Days
Antlerite(Cu) 1.109 1.761 1.791
Aragonite(Ca) 2.107 1.617 0.907
Azurite(Cu) 6.605 6.789 6.139
CayH(POy)5:3H,0(s0il) 4.58 2.078 2.443
Calcite(Ca) 2.251 1.76 1.051
CuCO4(soil) 1.042 1.129 1.14
Langite (Cu) 2.53 3.191 2.549
Magnesite (MgCQ,) 1.378 0.865 0.155
Malachite(CuCOs,) 5.132 5.229 4.567
MnHPQO,(soil) 4.353 4.128 4.964
Tenorite (Cu) 2481 2491 1.818
Vaterite(Ca) 1.685 1.194 0.484
Zn3(POy4)2:4H,0(s0il) 5.988 5.408 5.956
ZnCO;(soil) 2.804 2.739 2.285
Zincite 1.353 1.21 0.073

Vermitechnology and lab scale study

3.2. Conversion of TSW through vermitechnology: Table 3 depicts the availability of
exchangeable NPK in various treatments under vermicomposting with two different earthworm
species viz. Eisenia fetida and Metaphire postheuma during the period of incubation.
Interestingly, vermicomposting with both the species showed significant increment in N
mineralization. This may be due to increased microbiological activity in the vermicomposted
product. Earthworms actually enhance microbial activity (Fracchiaet al., 2006; Lazcanoet al.,
2008).

P solubility also increased significantly over time under vermicomposting (Table 2).This
corroborates the findings of other workers who observed stimulating effect of earthworms on

phosphorous availability in soil (Kaviraj and Sharma,2003; Tognettiet al., 2005).



The highest increase in K status has been found in vermicomposting of Eisenia fetida with MSW
only (469.06 mg kg?). Kaviraj and Sharma (2003) have reported that enhanced number of
microflora in the gut of earthworm might have played an important role in increasing the

potassium content during the vermicomposting process.

Table 3: Nutrient availability in vermicomposted and composted TSW

Eisenia fetida N(mg/kg) P(mg/kg) K(mg/kg)

MSW 324.8+28 125.1343.15 469.06+18.09
MSW+CD,2:1 1131.2+5.6 192.86+8.48 435.46x£53.07
MSW+CD,4:1 1148+14 190.83+15.30 440.26+8.92
CD 938128 638.42+27.31 403.93+£8.20
Metaphire posthuma N(mg/kg) P(mg/kg) K(mg/kg)

MSW 106428 162.94%31.94 403.6+24.75
MSW+CD,2:1 1106+42 | 190.23+33.73 464.66+22.78
MSW+CD 4:1 1260£70 | 226.41+£26.27 456.26+£22.98
CD 1274+24.24 | 265.03+19.29 407.46+10.32
Composting N(mg/kg) P(mg/kg) K(mg/kg)

MSW 851.2+5.6 | 122.03£13.25 495.53+£52.75
MSW+CD,2:1 980+14 | 173.45+21.71 489.06x36.70
MSW+CD 4:1 113414 | 175.34+14.14 486.13+2.19
cb 910+14 | 310.78+34.23 505.6+36.24

Fig 1 represents the changes in TOC, FAC, HAC and degree of humification during the
vermicomposting process. Significant reduction in pH was observed under all treatments.
However, maximum reduction in pH was observed under T3 followed by T2, T7, and T6 (LSD=
0.027). Such reduction in pH could be due to production of CO,, ammonia, NO3 and organic
acids during vermicomposting process (Deka et al., 2011). Humified OC i.e. fulvic acid, humic
acids and humin in particular, represents the most persistent pool of OC with mean residence
times of several hundreds of years. Significant reduction in TOC was observed with gradual
increase in FAC and HAC during vermicomposting process. Maximum FAC was recorded under
T5 followed by T6, T7 and T8 (LSD = 0.69). Whereas, highest HAC was recorded under T5
followed by T8 and T7 (LSD = 0.64). Degree of humification is represented by a ratio of
aliphatic and aromatic C content. Interestingly, substantial reduction in degree of humification
was observed under T7 followed by T9, T6 and T5. Therefore, the study depicts that although
Eisenia fetida is a prolific decomposer but Metaphire posthuma is a better C sequester.
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Fig 1: Periodic changes in TOC, FAC, HAC and degree of humification during the
vermicomposting process
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3.3 Changes in heavy metals during vermicomposting

Concentration of different trace elements under few selected treatment combinations under
bioconversion was analyzed (Fig. 3). Three of these elements viz. Fe, Mn and Zn are essential
micronutrients for plants and Pb is known as a pollutant. Fascinatingly, we have found that
extent of bioavailability of both essential (Fe, Mn and Zn) and non-essential (Pb) heavy metals
substantially differed on a temporal scale under aerobic composting and vermiconversion
systems. This may be due to inter-specific differences in the dietary intake of elements, in
physiological and morphological characteristics, chemical species requirements, excretion and
detoxification (Nannoni et al., 2011). Moreover, exposure to heavy metals induces synthesis of
metallothionein isoform in earthworm intestines (Dai et al., 2004). This metal binding protein in
earthworm gut can detoxify metal ions (As, Cd, Hg, Si, Al, Fe etc.) to a considerable extent
(Maity et al., 2009).
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Fig 2: Changes in heavy metal concentrations during the process of vermicomposting
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The total bacterial count in TSW mixtures (table 3) vindicated the nutrient enhancement and C
mineralization under bio-composting processes. Increase in microorganisms probably
contributed towards accelerated nutrient availability under vermicomposting. TSW + CD (4:1)
found to be a good substrate for microbial growth.

Table 3: Impact of vermicomposting on bacterial growth in TSW mixtures (meanz standard deviation)

Treatment No. of bacteria/ml
(x10%)

*VC: TSW + CD (4:1) (Metaphire posthuma) | 82+4.21

VC : TSW + CD (4:1) (Eisenia fetida) 75+5.8
Compost : TSW + CD (2:1) 67+3.7
P value (0.05) 0.002

*VC: Vermicompost
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3.4 Metal accumulation in earthworm intestine: A fluorescence probe based study

The emission peaks for the treated samples clearly confirmed the signature of the fluorescence
tagged metal compounds bound with proteins of higher than 100 KDa molecular mass (Fig 3a).
Interestingly, no similar peaks were observed in control samples between 450 to 550 nm
wavelengths of the fluorescence spectrum. However, the emission peaks at 640, 680, and 710 nm
should probably be ascribed to some other fluorescent biomolecules that should also occur in the
earthworm guts. Therefore, similar peaks were also detected in the control samples. Moreover,
high concentration of Zn and Cd complexes were detected in >100 KDa as compared to the <100
KDa proteins (Fig 3b). All These results indicate that one or more efficient metal binding
proteins with high molecular mass should also play a significant role in binding a wide range of
toxic along with the well-known metallothioneins.

Fig 3: (a) The fluorescence emission peaks of Cd and Zn-ligand complex treated (Treated CdL1

and Treated ZnL1)and untreated (control) earthworm gut protein (above 100 KDa).

(b) The accumulation concentration (uM) of CdL1 and ZnL1 in <100KDa and >100 KDa protein
complexes in the earthworm intestines.
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3.5 Field experiment

The two year long field experiment has been completed. As discussed in the earlier section,
different combinations of vermicomposted MSW were used as nutritional source in rice. Both
boro and sali (Kharif) rice cultivation was undertaken on the same experimental field in

consecutive manner starting with boro rice during November 2013. The soil under study is acidic
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in reaction with moderate bulk density (BD), high nitrogen (N), phosphorus (P) and iron (Fe) but
low in potassium (K)(Table 1). TOC content of the soil was on higher side as found in most of
the North East soil.

Table 4: Basic physicochemical properties of the soil under study

Paramaters Result

pH 5.3+0.08
Bulk density(g/cc) 1.31+0.02
N(mg/kg) 476+74.08
P(mg/kg) 16.73+0.37
K(mg/kg) 5.3+0.13
Soil organic C (SOC) (%) 2.02+0.10
Fulvic acid C (FAC) (%) 1.65+0.20
Humic acid C (HAC) (%) 2.18+0.13

The data on changes in pH and BD was presented in table 2. Interestingly, substantial reduction
in bulk density was recorded under vermicomposted treatments. BD reduced by 20-30% after the
first boro season which went on reducing till the end of the study irrespective of treatment
combinations. This implies increase in soil porosity that must facilitate improvement in water
holding capacity of soil. Significantly, low BD was recorded in T3 followed by T4, T5, T6, T8,
T9, T10, T11 and T12 (LSD 0.002).

Gradual decrease in pH was recorded after the first boro season as compared to the initial value
and reduced further after the first sali season (2013). Afterwards, in the boro season pH was
raised sharply under all the treatments and reduced in subsequent sali season. This may be due to
accelerated mineralization of applied vermicomposts leading to release of several organic acids,
NH; and CO; etc. (Saikia et al., 2015, Goswami et al., 2013). However, such reduction was
highly prominent in soils treated with only chemical fertilizer (T;) and NPK100+FYM (T>).

Table5. Changes in soil pH and Bulk density (BD) under various treatments

Treatm

ents pH BD(g cc?)
BORO1 SALI1 BORO2 SALI2 BORO1 SALI1 BORO2 SALI2
T1 5.810.1 5.240.1 6.2+0.1 5.310.1 1.0£0.1 1.0£0.1 0.91£0.1 1.0£0.1
T2 5.4+0.1 5.2+0.1 6.1 +0.1 5.310.1 1.0+0.1 0.9+0.1 0.8+0.1 0.1+0.1
T3 5.9+0.2 5.6£0.1 6.2+0.1 5.7+0.1 1.0£0.2 1.0£0.1 0.81£0.1 0.7£0.1
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T4 5.3+0.1 5.3+0.1 6.3+0.2 5.3+0.2 1.0+0.1 1.0+0.1 0.8+0.2 0.9+0.2

T5 5.840.1 5.8+0.3 6.3+0.1 5.6+0.2 1.1+0.1 0.9+0.3 0.9+0.1 0.9+0.2
T6 5.2+0.2 5.1+0.1 6.3+0.2 5.6+0.1 1.1+0.2 0.9+0.1 0.9+0.2 0.9+0.1
T7 6.4+0.1 5.7+0.1 6.4 +0.1 5.5+0.1 1.2+0.1 1.0+0.1 0.8+0.1 1.0+0.1
T8 5.7+0.2 5.6+0.2 6.2+0.1 5.5+0.1 1.1+0.2 0.9+0.2 1.0£0.1 0.9+0.1
T9 5.6+0.1 5.240.1 6.0+0.1 5.3+0.1 1.0+0.1 0.9+0.1 0.9+0.1 0.9+0.1
T10 5.7+0.3 5.5+0.2 6.2+0.1 5.7+0.2 1.1+0.3 1.0+0.2 0.8+0.1 0.9+0.2
T11 6.2+0.3 6.1+0.2 6.3+0.1 5.7+0.1 1.0+0.3 0.9+0.2 0.8+0.1 0.9+0.1
T12 5.7+0.1 5.5+0.1 6.3+0.2 5.5+0.1 1.1+0.1 0.9+0.1 0.9+0.2 0.9+0.1
\Ij{;llue 0.00 0.00 0.00 0.00 0.33 0.00 0.00 0.00

LSD 0.02 0.06 0.04 0.03 0.06 0.001 0.02 0.002

Table 3 presents the data on changes in major soil nutrients (N, P &K). Interestingly, N
mineralization improved gradually after each season of cultivation. Significant increase in
mineralizable N was recorded under T3 followed by T4, T5, T2 and T6 (P 0.000, LSD 60.24)
after two years of cultivation. Addition of vermicompost may increase N-fixing microorganism
in soil by many fold and thus have a long term beneficial effect on soil N mineralization
(Masciandaro et al., 2000). P availability in soil gradually increased over seasons till the second
boro season under all the treatments as compared to the initial value and reduced slightly
afterwards (Table 6). This may be due to enhancement in plant uptake of the nutrient. Similar
fluctuation in K availability was also evidenced from the study. Significant enhancement in K
availability was recorded under T4 followed by T7. Vermicomposting promotes release of
several exogenous and endogenous enzymes as well as improvement in CEC of soils (Sahariah et
al., 2015).

The impacts of various treatments on soil organic carbon (SOC) and its humified fractions are
presented in table 4. The SOC status of the soil has naturally high (tablel). The nature of
temporal variation in SOC greatly varied between treatments. Overall, SOC reduced or did not
change under most of the treatments at the end of the first boro season which significantly
enhanced in the subsequent kharif and boro season (P value for year = 0.000). However, based
on LSD test, the final SOC stock after two years of continuous cultivation was in the order
T2=T7> T3=T8=T9=T12. Our result is in good agreement with recent findings (Sahariah et al.,
2015).
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Humic acid carbon and fulvic acid carbon is the most vital indicator of the status of intensified
humification of soil organic matter. Interestingly, we recorded considerable rise in soil HAC
under all treatments (Table 7). Significantly, high HAC was recorded under T7 followed T2, T3,
T8, T9 and T12. Similarly, highest FAC was recorded in soils under T7 followed by T8.
Therefore, vermicomposted MSW significantly contributed in regard to organic carbon

stabilization in soil.

Data on crop growth rate (CGR) and relative growth rate (RGR) during the second year
cultivation (boro and kharif) respectively is presented in the table 8. CGR indicates at what rate
the crop is growing as compared to normal, whereas, RGR indicates the rate of growth per unit
dry matter. A steady and increasing CGR was recorded under T3, T8 and T9 during boro season,
whereas, T2, T3, T6, T7 showed similar trend during sali (kharif) season along with T8 and T9.
Therefore plants under T8 and T9 treatments showed above normal growth rate during both the
season. However, highest CGR was recorded under T8 in boro rice (LSD= 0.33). Similar trend
was also observed for RGR.

The benefit of addition of vermicomposted MSW and FYM in soil was convincingly prominent
with respect to grain yield of rice. Interestingly, rice production during the first boro season
(2012-13) was very low under all treatments which enhanced 3-4 folds in the 2"boro season
irrespective of applied treatment combinations (table 9). As the first year sali rice was cultivated
after the boro season, therefore we recorded similar range of grain yield in both the sali crops
under all the treatments. In regard to boro rice, significantly high grain yield was achieved under
T3 and T4 during both seasons (LSD= 0.21) whereas T3, T6, T7 and T8 showed promising
impact on sali rice production during both the season (table 9).

16



Table 6: Changes in available N, P and K in soil under various treatments during the two year rice cultivation

Treatments Avail N (mg/kg) Avail P (mg/kg) Avail K (mg/kg)

BORO1 SALI1 BORO2 SALI2 BORO1 SALI1 BORO2 SALI2 BORO1 SALI1 BORO2 SALI2
Tl 7747+ 85.5 933.3+427.7  1054.7+42.8 1316+28 8.116.8 8.5+£1.4 30.9+£0.7 19.9+0.7 99.0+31.8 61.8+£0.2 71.3£1.5 96.91£56.8
T2 1036+ 56 1400£280 1278.7+113.2 1614.7£70.5 17.1+7.3 19.1+0.7 315+2.4 24.8+2.3 82.9+34.6 47.8+32.8 50.3+0.6 68.4+17.8
T3 1054.7+98.3 1166.7£291.4 1353.3142.8 1773.3+x90 20.318.6  41.4+1.2 31.4+1.3 32.7+1.1 96.9456.8 61.3£0.6 73.0£2.0 88.0£26.0
T4 933.3+98.3 1456156 1092+28 1624+48.5 16.8£8.7  23.8+15 32.311.2 26.0£0.7 74.8+25.6 52.6£0.3 82.3£2.5 122.9+36.8
T5 980+84 1316.5+315.5 1278.7£126.3 1614.7£42.8 14.6+8.6 31.3£16.1 33.6+2.7 30.0+£1.3 93.3+19.3 53.5+0.4 51.5+0.7 74.8+25.6
T6 8401140 1306.7+575.4  1306.7+98.3 1605.3+42.8 26.0£6.9 37.3%1.2 30.84£5.5 24.7£0.6 68.4+17.8 58.6£0.1 91.0£1.0 82.91£34.6
T7 1064+56 1362.7+226.3 1101.3£58.3 1586.7+42.8 36.0+9.4 22.4+0.4 44.0£3.5 27.0£1.0 88.0+£26.0 85.8+ 0.3 55.0+0.3 113.3£19.3
T8 998.7+132.3 1260+364 1082.7+16.2 1540128 10.8£7.3  31.9+0.6 18.2+1.7 26.0£1.2 73.61£13.4 59.31£0.3 53.9+£1.8 74.1£19.7
T9 1194.7+42.8 1213.3£42.8 1092+28 1530.7+£58.3 22.8+8.7  24.0+0.8 23.7+0.4 25.6+0.5 92.9+36.8 61.5+0.3 80.0+1.0 74.2+22.0
T10 1176+112 1054.7+286 1222.7+58.3 1549.3£16.2 9.616.3 35.6+1.3 18.9+1.3 26.5+0.8 66.3+20.4 54.4+0.6 61.1+0.7 73.6+13.4
T11 1138.7£ 85.5 1540£196 1353.3+142.8 1502.7+42.8 23.2+11 25.5+0.6 32.7+£3.2 25.7+0.6 74.1+£19.7 49.2+2.6 71.0+£1.0 98.1+33.4
T12 1054.7£85.5 1409.3+254.1 1297.3£113.2 1484 + 56 19.6+9.3  32.8+0.8 25.2+2.0 25.4+0.5 74.2+£22.0 55.0£11.6 57.2+0.1 69.2+18.3
P-Value 0.00 0.52 0.00 0.00 0.02 0.00 0.00 0.00 0.35 0.01 0.00 0.00
LSD 76.77 252.80 60.24 41.56 6.80 3.88 2.08 0.86 23.89 8.22 1.05 23.91

(mean = standard deviation) (LSD = least significant difference)
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Table 7: Changes in total organic C (TOC), humic acid C (HAC), fulvic acid C (FAC) under different treatment combinations

Treatments TOC (%) Humic Acid C (%, Fulvic Acid C (%)

BOROl  SALIL BORO2  SALI2 BOROL  SALIL  BORO2  SALI2 BOROL  SALIL  BORO2  SALI2
T1 2501  2.640.3 22402  26:01  16:01 24101 22402 26£01 24301 18401  30:01 2602
T2 22401 3101 26%02 3101  17+01  22:02  26:02 31+01 1601 25801 25802  3.10.1
3 20401  34%0.1 4503  31:01  18:02 27401 4503 3.1:01 21202 3801 28402  3.4%0.2
T4 1901  35:01  25:02 25801 22#01 23:02  25:02 25:01 1701 25801  26:02  2.620.1
TS5 19401 27401  2.3%02  29+01  42+08  19+02  23:02 29:01 1702 23t02  23:01  31%0.1
T6 16£0.1  3.9:02  2.6:0.3  2.6¢0.1  23:01  29:01  26:03 26:01 1701 30802 2502  2.9%0.1
7 24101  4.0£02 3401  33:02  25:01  25:01 34101 3.3:02 1801 27:01  2.8:02  4.620.1
T8 18402 31402  2.3%02 3101  28:02 26:02  23:02 31:01  33:01  19+¢01  38+0.2  39:03
T9 22401 4102  29:01 3101 4702  24:02  29+01 3101 2301 26£0.2 32403  3.2%0.3
T10 21%0.2 25401 22402 2602 24303 24301  22+¢02  26:02  22:03 18401 29402  26+03
T11 23104 3302 2903  29:01 21104  23:01  29:0.3 29:01 24201 23102 34303  2.9:0.1
T12 2401  2.9+0.2 28401  3.0:02 17402  25:02 28401  3.0:02 23301 20802  33t03  3.10.1
(TTrfatme”t 0.000 0.000 0.000
Year (Y) 0.000 0.000 0.000
TXY 0.000 0.000 0.000
LSDfor T  0.100 0.187 0.176

(Mean + standard deviation) (LSD = least significant difference)
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Table8: Impact of various treatments on Crop Growth Rate (CGR) and Relative Growth Rate (RGR) of both boro and Sali (kharif) rice

CGR RGR
Treatments BORO2 SALI2 BORO2 SALI2
Panicle stage Hag\t/ae;(taing Panicle stage Ha;}/:;;ing Panicle stage Harvesting stage Panicle stage Harvesting stage

T1 0.91+0.1 1.1+0.5 1.040.1 0.6+ 0.6 0.1+0.1 0.1+0.1 0.1+0.1 0.1+0.1
T2 0.8£0.3 0.6+0.3 1.0+0.2 11+1.2 0.1+0.1 0.1+0.1 0.1+0.1 0.21£0.1
T3 0.740.1 1.240.2 0.740.2 1.0+0.4 0.1+0.1 0.1+0.1 0.1+0.1 0.240.1
T4 0.6+0.3 0.6+£0.4 1.7+0.5 0.4£0.2 0.1+0.1 0.1+0.1 0.1+0.1 0.1+0.1
T5 1.0+0.3 0.7£0.4 0.8£0.6 1.1+0.7 0.1+0.1 0.1+0.1 0.1+0.1 0.21£0.1
T6 1.040.2 0.9+0.8 0.8+0.4 1.440.8 0.1+0.1 0.1+0.1 0.1+0.1 0.240.1
T7 1.1+0.2 0.7£0.3 0.7£0.3 2.0£1.5 0.1+0.1 0.1+0.1 0.1+0.1 0.21£0.1
T8 1.040.2 1.4+0.5 1.040.1 1.2+0.4 0.1+0.1 0.1+0.1 0.1+0.1 0.240.1
T9 1.1+0.1 1.1+0.8 1.2+0.4 1.4+0.8 0.1+0.1 0.1+0.1 0.1+0.1 0.2£0.1
T10 1.0+0.4 0.8+0.6 1.4+0.8 1.1+0.6 0.1+0.1 0.1+0.1 0.1+0.1 0.2+0.1
T11 1.2+0.1 0.4+0.2 1.4+0.2 1.1+0.1 0.1+0.1 0.1+0.1 0.1+0.1 0.2+0.1
T12 1.0+0.1 0.8+0.1 0.91£0.5 1.9+0.8 0.1+0.1 0.1+0.1 0.1+0.1 0.2£0.1
LSD 0.007 0.393 0.333 0.634 0.007 0.021 0.010 0.027

(Mean + standard deviation) (LSD = least significant difference)
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Table 9: Yield of rice under various treatments (t hat)

Treatments Yield

BORO1 BORO2  SALI1 SALI2

T1 2.5+0.1 12.2+01 6.6%0.5 5.9+0.8
T2 2.8£0.2 12103 6.6£0.3 6.2+0.8
T3 3.1+0.1 12.3+#0.1 6.7204 6.2+0.9
T4 3.9+04 12.1+0.1 6.5+0.3 5.9+0.6
T5 2.5+0.1 12.1+01 6.2+0.5 5.5+0.1
T6 29+0.2 12.0£0.2 6.7¢0.2 5504
T7 2.6£0.1 12.2+0.1 6.7+05 6.0+0.8
T8 2.3+0.2 11901 6.9+04 6.5%#0.1
T9 2.3+04 12.1+03 6.6x0.1 5.6+0.4
T10 2.1+0.2 121401 6.6%0.2 5.4+0.2
T11 2.3£0.3 12.0+0.2 6.2+05 5.8+0.5
T12 2.8#0.3 12.0+0.3 6.4%0.2 5.31+0.1
P- value 0.000 0.009 0.005 0.000

LSD 0.213 0.145 0.892 0.453

(Mean = standard deviation) (LSD = least significant difference)
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