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ABSTRACT: The vermicompost produced from flower waste inoculated with biofertilizers was subjected to compost maturity
test: (i) physicochemical method (pH, OC, TN, C:N); (ii) solid state spectroscopic analysis (FTIR and 13C CPMAS NMR); and
(iii) plant bioassay (germination index). The pH of vermicompost was decreased toward neutral, C:N ratio < 20; reduced
organic carbon with increased nitrogen indicates the compost attains maturity. The final vermicomposts result shows reduction
of complex organic materials into simple minerals which indicates the maturity of the experimental vermicompost product than
the control. The increased aliphatic portion incorporated with flower residues may be due to the synthesis of alkyl, O-alkyl, and
COO groups by the microbes present in the gut of earthworm. Plant bioassays are considered the most conventional assessment
of compost maturity analysis, and subsequently, it shows the effect of vermicompost maturity on the germination index of Vigna
mungo.
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■ INTRODUCTION

The recycling of organic and inorganic waste minimizes the
environmental hazards and adds a large amount of nutrients to
intensive agricultural practices and also reduces the usage of
chemical fertilizer.1 The reuse of organic waste for soil quality
improvement has received sound research attention. The
recycling of bio-organic waste by the vermicomposting process
decreases the difficulty of disposal of agricultural as well as
industrial wastes. A high quality vermicompost has been
produced by earthworms and its gut associated microflora
within a short period of 3−6 months rather than thousands of
years for the formation of humic acid (HA) by the natural
process. Most of the decomposing organic waste products such
as animal manure contain a huge amount of major and minor
nutrients, enhancing the plant growth. Earthworm gut
secretions contain an easily metabolizable compound that has
been considered as one of the main sources for decomposition
of waste materials by earthworms and microbial community.2

Vermicompost is an excellent organic product with a low level
of toxic content and holds large amounts of efficient nutrients
to use as soil fertilizer without changing the environment.3 A
few studies have been conducted to test the suitability of
vermicompost. Deportes et al.4 stated that application of
immature compost causes numerous ill-effects on soil in
agricultural lands. However, it will also indicate the reduction of
nitrogen (N) and polysaccharides, and arrest the utilization of
nitrogen and phosphorus. Application of immature composts
causes retardation of plant growth and damage to the plants by
phytotoxicity and battle of oxygen, when they are applied
inadequately as biodegradable organic matter.5−7

So far there is no evaluating method that has been universally
accepted for composts maturity/stability. In most published
research articles, the results were obtained from small scale
research operations. Compost maturity/stability is an important

factor that affects when the compost will used for agricultural
purpose.8−16 Vermicompost maturity and stability will be
clearly proved by physicochemical and biological properties.
More studies revealed the chemistry of decomposed organic
matter (OM) content, and their functional group composition
was used determine the vermicompost maturity. In the course
of vermicomposting, changes occur in chemical structure, and
transformation of compounds was analyzed by various
methods: C/N ratio, humification process, and spectroscopical
analysis (FTIR, 13C NMR, and fluorescence spectrosco-
py).11,15,17 FT-IR and 13C NMR are the recent techniques to
examine carbon composition of organic matter. These
techniques are widely applied to analyze the compost maturity
and characterization of organic matter.18−20

The 13C CPMAS NMR technique was extensively used for
evaluating vermicompost material in solid form, and the
resonances in the 13C CPMAS NMR were predicted by diverse
carbon types: 21 (i) chemical shift range δ 0−50 ppm
corresponded to alkyl C and fatty acids; (ii) chemical shift
between 50 and 110 ppm was assigned to methoxy C in lignin,
N-alkyl C in amino acids, O-alkyl C from carbohydrate, and di-
O alkyl C from cellulose; (iii) chemical shift of phenolic C (δ =
150−160 ppm) fell in the range of the O-aromatic C chemical
shift region (δ = 110−160 ppm); and (iv) chemical shift range
δ 160−220 ppm includes CO groups that are mainly a found
in amino acids, ester, and quinones. Chen et al. 22 pointed out a
reduction of carbohydrate content and increment of aromatic
and carboxyl groups during decomposition of organic matter.
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In most research works, the conversion and stabilization of
OM at the time of decomposition determines the compost
maturity.11,18,19,23,24 The aim of the present research is to
evaluate the compost maturity of mixed flower waste
vermicompost inoculated with biofertilizer by physicochemical
method, spectroscopic techniques FTIR and 13C CPMAS
NMR, and plant bioassay (Germination Index).

■ MATERIALS AND METHODS
Flower waste and dry cow dung 1:1 w/w ratio were subjected to
predecomposition for 30 days in plastic bins. The predecomposted
substrate was mixed with biofertilizers (1g/kg of substrate) in plastic
bins. Six feed mixes were prepared for the present study: control CO =
substrate without earthworms; E1 = substrate with earthworms
(Eisenia fetida); E2 = substrate + earthworms + Azospirillum (Azos);
E3 = substrate + earthworms + phosphate bacterium (PB); E4 =
substrate + earthworms + blue green algae (BGA); E5 = substrate +
earthworms + Rhizobium (Rhizo).
After predecomposition, earthworms (Eisenia fetida) were inocu-

lated (25 worms/bin). The moisture content was retained at 60−80%.
The vermicomposting process was completed at the 80th day, and
compost analysis was done at the end of composting.
Analysis of Total Carbon and Total Nitrogen. Total organic

carbon (TOC) and total nitrogen (TN) content were analyzed by
standard procedures.25,26 The pH of vermicompost samples was
determined using the procedure in ref 27.
Fourier-Transform Infrared Spectroscopy (FTIR) Analysis.

Fourier-transform infrared spectroscopy (Perkin-Elmer 2000 spec-
trometer) was analyzed by taking 2 g of dried vermicompost sample
along with 200 mg of KBr (spectroscopy grade), homogenized, and
pelletized under vacuum. Readings were taken at a range 4000−400
cm−1 at a frequency of 0.5 cm/s.

13C CPMAS NMR Spectroscopy Study. 13C CPMAS NMR solid-
state spectra were obtained via a DSX 300 Bruker spectrometer at the
NMR research center, Indian Institute of Science (IISC), Bangalore,
India. NMR operating conditions were as follows: SF frequency, 75.46
MHz; P3 contact chemical analysis time, 4.25 uses; Aq acquisition
time, 0.29 s; D1 relaxation time, 5 s. In order to eliminate spinning
side bands, spectra were recorded and several spectral editing
techniques were used for assignments with ωr spinning rate, 10
kHz. The experimental procedures were similar to different studies on
organic matter.28,29

Analysis of Plant Bioassay Analysis. A fresh extract of
vermicompost samples, that is, vermiwash [10 mL] and distilled
water [10 mL] was poured into a Petri dish with filter paper. Ten
matured Vigna mungo seeds were placed on the filter paper and then
incubated at 26 °C under dark cover for 4 days. The number of
germinated seeds and their root radical lengths were measured. The
germination index (GI) was determined by the formula:30

=
×
×

×GI
seed germination root length of the treatment

seed germination root length of the control
100

Statistical analysis was performed using SPSS (version 7.5). One-way
ANOVA and DMRT were analyzed with a homogeneous type of the
data sets of different parameters in both control and treatments.

■ RESULTS AND DISCUSSION

Chemical Analysis of Vermicompost. In all the treat-
ments (E1−E5), pH decreased over the control (CO) and was
reduced toward neutrality. The reduction of pH was between
the range of 6.8 and 7.2 which was statistically significant (p <
0.01). The decomposition of OM indicates the formation of
humic acids and NH4

+ ions.31 Both of these components have
the opposite effect on the pH. Carboxylic, phenolic, and humic
acids reduce the pH value, and at the same time ammonium
ions accelerate the pH value of the vermicompost, resulting
toward neutral pH value.32 Neutral pH in the vermicompost
should be a vital factor to keep a hold on the nitrogen to
encourage the nutrient accessibility of plants.33

The initial nitrogen level in the control was 1.9%, which was
boosted to 2.29% in the final product (Table 1). A maximum
TN level was recorded in E5 and E2 followed by E4, E3, and
E1, which was statistically significant (p < 0.001). Earthworms
in addition boost the N content by the accumulation of their
excretory products in the compost.34 Kaushik and Garg35

performed inoculation of nitrogen fixing bacteria during the
composting, and observed and increase in the nitrogen content
of the final product. The total organic carbon (TOC) value in
the initial stage was higher (36%) which was reduced toward
the end of the 80th day of composting by 25%, thus
representing the occurrence of extended mineralization. The
results of organic carbon showed as significant at p < 0.001.
The declines were observed in the C/N ratio of the initial value
(15%) in the control and moreover at the end of the
composting (11.5%) in E5, which indicates advanced organic
carbon decay and the reaching of a stable level. The C/N ratio
of flower waste enriched with biofertilizer was significant at p <
0.001. This present study observed a significant reduction of
TOC, C/N ratio, and pH in vermicompost in all the
experimental mixtures, similar to earlier described studies.36,37

FTIR. The assignment of absorption bands in FTIR spectra
of vermicompost samples was done based on methods Williams
and Fleming,38 and results are presented in Table 2. The FTIR
spectra of vermicompost samples showed (Figure 1) a broad
band at ν ∼ 3450 cm−1 corresponding to O−H stretching
frequencies of alcohol and phenol. The appearance of two
distinct weak bands at ν 2925 and 2850 cm−1 suggested C−H
stretching vibration of alkyls, and weak bands in the range of ν
2358−2360 cm−1 were observed for phosphonates. A small
shoulder associated to nonconjugated carboxylic CO
stretching at ν 1791−1733 cm−1 was observed in control
compost CO and E4 which disappeared when the pH reached

Table 1. Physicochemical Parameters and GI of Vermicompost Samplesa

samples pH TOC TN C:N ratio GI

CO 7.4 ± 0.3 28.42 ± 1.22 1.9 ± 0.52 14.8 ± 2.0 58 ± 1.41
E1 6.9 ± 1.0 28.42 ± 4.38 2.03 ± 0.97 13.0 ± 1.0 100 ± 1.41
E2 7.2 ± 0.2 26.58 ± 0.68 2.29 ± 0.91 12.92 ± 1.0 115.5 ± 1.41
E3 6.86 ± 1.33 27.29 ± 3.19 2.2 ± 1.0 12.39 ± 0.05 110 ± 0.00
E4 7.2 ± 1.31 25.68 ± 0.91 2.25 ± 0.85 11.86 ± 4.1 112 ± 2.82
E5 7.06 ± 0.06 26.06 ± 1.0 2.29 ± 1.19 11.39 ± 0.1 142 ± 2.82

ANOVA p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.05
aTOC, total organic carbon; TN, total nitrogen; GI, growth index.
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the neutrality. Hence, the pH affects only carboxylic acid groups
that are involved in the acid−base reaction; a similar
observation was reported in the literature.39,40 The bands at ν
∼ 1640−1650 cm−1 lignin were also observed.
Nakamoto reported that a peak appearing between ν ∼ 1361

and 1388 cm−1 in the IR spectrum confirmed the complex
formation of organic matter with heavy metal41 and also this
peak is not pH dependent.42 Similarly, vermicompost samples
exhibited a band in the IR spectra at ν ∼ 1368 cm−1 that may
be attributed to the C−N stretch of amine groups in which the
organic ligand involved coordination with heavy metal. Nitrates
N−O stretching frequencies were observed in the range of ν ∼
1386−1384 cm−1. A slight broad band around 1095−1030
cm−1 relates to C−O−C groups in polysaccharides. The sharp
band appearing at ν ∼ 785−800 cm−1 was related to C−O
stretching of carbonate and silica as given in the liter-
ature.39,43,44

Table 2. Assignment of Absorption Bands in FTIR spectra of
Vermicompost Samples

band position
(cm‑1) assignments

3300−3500 O−H vibrations of hydroxyl groups of phenol, alcohols, and
carboxyl functions and N−H vibrations from amides and
amines

2920−2960 symmetric stretching CH3 and CH2 of aliphatic chains
2840−2855 asymmetric C−H stretching CH3 and CH2 of aliphatic

chains
2300−2400 phosphonates
2200−2700 carbonyl absorption band in addition to an ammonium band
2000−2573 CN stretching in secondary amides
1720−1740 CO aldehyde
1600−1650 CO amide I, aromatics
1380−1385 N−O stretch nitrate in solid waste samples
1080−1095 C−O−C polysaccharides
790−1030 Si−O−Si stretch of clay minerals
750−850 C−O carbonate

Figure 1. FTIR analysis of final control and experimental flower waste vermicomposts.
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13C CPMAS NMR. NMR data for all the vermicomposting
samples are detailed in Table 3, and spectra are shown in Figure

2. The presence of the alkyl groups (terminal methyl) and
methylene groups (aliphatic rings and chain) in 13C NMR

Table 3. Relative Distribution (%) of Signal Area over Chemical Shift Regions (ppm) in 13C CPMAS NMR Spectra of
Vermicompost Samplesa

samples alkyl C (0−50) alkyl C−O 50−110 aromatic C (110−160) carbonyl C (160−190) ketonic C (190−230)
aliphaticiy

(%)
aromaticity

(%) HI/HB

CO 6.35 3.74 1.42 5.705 0.86 87.66 12.33 0.8226
E1 4.65 10.94 1.71 3.24 0.53 90.12 9.88 0.4485
E2 7.17 3.64 1.67 3.74 0.44 87.77 12.22 1.1978
E3 6.575 3.575 1.38 4.75 0.14 88.03 11.97 0.9556
E4 2.34 7.46 1.10 3.64 0.325 89.91 10.09 0.3099
E5 3.0 10.73 0.415 4.465 0.18 97.07 2.93 0.2247

aAliphaticity (%) = [aliphatic C peak area (0−110 ppm)]100/[total peak area (0−160 ppm)]. Aromaticity (%) = [aromatic C peak area (110−160
ppm)]100/[total peak area (0−160 ppm)]. Hydrophilic carbons/hydrophobic carbons = [(50−110) + (160−230)]/[(0−50) + (100−160)].

Figure 2. NMR analysis of final control and experimental flower waste vermicomposts.
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spectra are evident by the appearance of two distinct
resonances around δ 21 and 31 ppm, respectively. It has
been reported in the literature that the resonances between δ
46 and 67 ppm can be attributed to methoxy C from lignin
residues and N-alkyl C of protein residues.45 Based on this
study, the more intense peak at δ 56 ppm could be assigned to
methoxy groups in lignin in the form of sinapyl and
phenolmethoxyl of coniferyl moieties and further methoxy C
available in hemicellulose (glucoronic acid in xylan). The
chemical shift region between δ 60 and 110 ppm corresponds
to polysaccharides and proteins. A similar observation
(polysaccharide chains) is reported in the case of plant
woody tissues.46 Signals appearing around 75 ppm were due
to C4 of cellulose, while hemicellulose signals also fall within
the cellulose peak range. The chemical shift range at δ 114−122
ppm corresponds to aromatic C. The small peak at δ 141 and a
dominant peak at δ 143 ppm were assigned to methoxy
attached aromatic C. The long chain polysaccharides were
easily digested with the help of gut microbial colonies, resulting
in change of the structure of lignin into new polysaccharides
and humins. The polysaccharides in the final vermicomposted
materials were transformed into rich aliphatic C. From the 13C
NMR spectra, we concluded that aliphatic C content is greater
than aromatic C content, and similar results were
reported.39,47,48 The higher aliphatic content incorporated
with decomposition of flower residues may be due to the
production of alkyl, O-alkyl, and carboxyl carbon by the
microbial decomposer community in the gut of the earth-
worm.45

Plant Bioassay Analysis: Seed Germination. The plant
germination was mainly used to evaluate the vermicompost
maturity based on a seed germination index (GI) and initial
rate of plant growth using a liquid extracted from the
compost.30 The extracts of compost at different stages of
decomposition were incubated 24 h at 26 °C. All the
vermicompost samples yielded high germination rates (80%)
in contrast with the germination rate of control compost C
(50%). The results of germination index (GI) of V. mungo were
significant at p < 0.05 (Table 1). The neutral pH value of
vermicompost samples has no negative impact on the seed
germination of V. mungo. Zucconi et al.30 reported the
phytotoxicity of composts in terms of a cross germination
bioassay by using Lepidium sativum. A number of earlier
investigations have been attempted to determine the compost
maturity and reported that vermicompost enhances seed
germination.49,50

This present study of physicochemical and solid state
spectroscopic (FTIR and 13C NMR) analysis revealed that
biofertilizer mixed flower waste vermicompost consists of a high
degree of condensed aliphatic structures. Highest reduction of
C:N ratio in decomposing OM is evident of the highest degree
of compost stability by abolition of higher nitrogen content in
the substrates. The high nitrogen content of the compost
material agrees with the presence of FTIR vibrational
frequencies resulting in secondary amide groups, suggesting
the existence of peptide chains in the compost by way of
protein degradation processes. 13C CPMAS NMR study is a
most reliable method to predict the organic matter trans-
formation, The spectra exhibited an increased percentage of
aliphatic compounds and lesser aromatic compound followed
by decreased carboxyl group content, extensively a rapid
degradation of polysaccharides as well as cellulose during the
decomposition process.

These consequences are sustained by the fall of aromatic
structures and the rise of O-alkyl and carbonyl carbon, a wide
mineralization of OM during the vermicomposting process.
The higher germination index (GI) reflects no phytotoxic
compounds present in the biofertilizer enriched vermicompost
samples. FTIR and 13C CPMAS NMR are confirmed to screen
the maturity of vermicompost during the composting process.
It was concluded that biofertilizer enriched flower waste
vermicompost fulfills the compost maturity test and is ready
for agricultural and aquaculture applications.

■ AUTHOR INFORMATION
Corresponding Author
*E-mail: drskumar1968@gmail.com.
Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
The authors gratefully thank Prof. Dr. G. Manimekalai, Head of
the Department, Kandasamy Kandar College, Paramathi Velur,
Tamil Nadu for permit to conduct this present study, authors
gratefully acknowledge Administrative authorities of Kandas-
amy Kandar College for providing infrastructure facilities. The
Authors extend thanks to Indian Institute of Science, Bangalore,
India for 13C CPMAS NMR analysis. The Authors wish to
thank Dr. J. Dharageeswari for grammatical corrections in the
manuscript.

■ REFERENCES
(1) Ordonez, C.; Tejada, M.; Benitez, C.; Gonzalez, J. L.
Characterization of a phosphorus−potassium solution obtained during
a protein concentrate process from sunflower flour. Bioresour. Technol.
2006, 97, 522−528.
(2) Martin, A.; Cortez, J.; Barois, L.; Lavelle, P. Lesmucus intestinaux
de ver de terre moteur de leurs interactions avec la microflore. Rev.
Ecol. Biol. 1987, 24, 549−558.
(3) Ndegwa, P. M.; Thompson, S. A. Effects of C-to-N ratio on
vermicomposting of biosolids. Bioresour. Technol. 2000, 75, 7−12.
(4) Deportes, I.; Benoit, J. L.; Zmirou, D. Hazard to man and the
environment posed by the use of urban waste compost: a review. Sci.
Total Environ. 1995, 172, 197−222.
(5) Brodie, H. L.; Francis, R. G.; Lewis, E. C. What makes good
compost? BioCycle 1994, 35, 65−68.
(6) He, X. T.; Logan, T. J.; Traina, S. J. Physical and chemical
characteristics of selected U.S. municipal solid-waste composts. J.
Environ. Qual. 1995, 24, 543−552.
(7) Keeling, A. A.; Paton, I. K.; Mullett, J. A. J. Germination and
growth of plants in media containing unstable refuse derived compost.
Soil Biol. Biochem. 1994, 26, 767−772.
(8) Meunchang, S.; Panichsakpatana, S.; Weaver, R. W. Co-
composting of filter cake and bagasse; by-products from a sugar
mill. Bioresour. Technol. 2005, 96, 432−437.
(9) Inbar, Y.; Chen, Y.; Harada, Y. Humic substances formed during
the composting of organic matter. Soil Sci. Soc. Am. J. 1990, 54, 1316−
1323.
(10) Mathur, S. P.; Owen, G.; Dinel, H.; Schnitzer, M. Determination
of compost bio maturity I. Literature review. Biol. Agric. Hortic. 1993,
10, 65−85.
(11) Provenzano, M. R.; Oliveira, S. C.; Silva, M. R. S.; Senesi, N.
Assessment of maturity degree of composts from domestic solid
wastes by Fluorescence and Fourier Transform Infra Red Spectros-
copies. J. Agric. Food Chem. 2001, 49, 5874−5879.
(12) Drozd, J.; Jamroz, E.; Licznar, M.; Licznar, S. E.; Weber, J.
Organic matter transformation and humic indices of compost maturity
stage during composting of municipal solid wastes. In The role of the
humic substances in the ecosystems and in environmental protection; Drozd

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf4034943 | J. Agric. Food Chem. 2013, 61, 11326−1133111330



J., Gonet S. S., Senesi N., Weber J., Eds.; Proceedings of the 8th
Meeting of the IHSS, Wroclaw, Poland, 1997; pp 855−863.
(13) Harada, Y.; Inoko, A.; Tadaki, M.; Izawa, T. Maturing process of
refuse compost during pilling. Soil Sci. Plant Nutr. 1981, 27, 357−364.
(14) Inbar, Y.; Harada, Y.; Chen, Y. Recycling of cattle manure of
composting process and characterization of maturity. J. Environ. Qual.
1993, 22, 857−863.
(15) Senesi, N.; Miano, T. M.; Provenzano, M. R.; Brunetti, G.
Characterization, differentiation and classification of humic substances
by Fluorescence Spectroscopy. Soil Sci. 1991, 152, 259−271.
(16) Chefetz, B.; Harada, Y.; Chen, Y. Dissolved organic carbon
fractions formed during composting of municipal solid waste:
properties and significance. Acta Hydrochim. Hydrobiol. 1998, 26,
172−179.
(17) Zbytniewski, R.; Buszewski, B. Characterization of natural
organic matter (NOM) derived from sewage sludge compost. Part 1:
chemical and spectroscopic properties. Bioresour. Technol. 2005, 96,
471−478.
(18) Ouatmane, A.; Provenzano, M. R.; Hafidi, M.; Senesi, N.
Compost maturity assessment using calorimetry, spectroscopy and
chemical analysis. Compost Sci. Util. 2000, 8 (2), 124−134.
(19) Smidt, E.; Eckhardt, K. U.; Lechner, P.; Schulten, H. R.;
Leinweber, P. Characterization of different decomposition stages of
bio-waste using FT-IR spectroscopy and pyrolysis-field ionization mass
spectrometry. Biodegradation 2005, 16 (1), 67−79.
(20) Keeler, C.; Maciel, G. E. 13C NMR spectral editing of humic
material. J. Mol. Struct. 2000, 550−551, 297−305.
(21) Machieu, N.; Powlson, D.; Randall, E. Statistical analysis of
published 13C CPMAS spectra of soil organic matter. Soil Sci. Soc. Am.
J. 1999, 63, 307−319.
(22) Chen, Y.; Inbar, Y.; Harada, Y.; Malcolm, R. L. Chemical
properties and solid-state CPMAS 13C NMR of composted organic
matter. Sci. Total Environ. 1989, 81, 201−208.
(23) Jouraiphy, A.; Amir, S.; El Gharous, M.; Revel, J. C.; Hafidi, M.
Chemical and spectroscopic analysis of organic matter transformation
during composting of sewage sludge and green plant waste. Int.
Biodeterior. Biodegrad. 2005, 56, 101−108.
(24) Tandy, S.; Healey, J. R.; Nason, M. A.; Williamson, J. C.; Jones,
D. L.; Thain, S. C. FT-IR as an alternative method for measuring
chemical properties during composting. Bioresour. Technol. 2010, 101
(14), 5431−5436.
(25) Nelson, D. W.; Sommers, L. E. Total carbon, organic carbon
and organic matter. In Methods of soil analysis. Part 2. Chemical and
microbiological properties; Page, A. L., Miller, R. H., Keeney, D. R., Eds.;
American Society of Agronomy: Madison, WI, 1982; pp 539−577.
(26) Bremner, J. M.; Mulvaney, C. S. Nitrogen-Total. In: Methods of
Soil Analysis, Agronomy Monograph 9, Part 2, 2nd ed; Page, A. L.,
Miller, R. H., Keeney, D. R., Eds; American Society of Agronomy,
Madison, WI, 1982; pp 595−624.
(27) McLean, E. O. Soil pH and lime requirement. In Methods of Soil
Analysis. Chemical and Microbiological Properties, Agronomy Mono-
graph 9, (Part 2), 2nd ed.; Page, A. L., Miller, R. H., Keeney, D. R.,
Eds; American Society of Agronomy, Madison, WI, 1982; pp 199−
224.
(28) Inbar, Y.; Chen, Y.; Harada, Y. Solid state C-13 nuclear magnetic
resonance and infrared spectroscopy of composted organic matter.
Soil. Sci. Soc. Am. J. 1989, 53 (6), 1695−1701.
(29) Beyer, L.; Schuiten, H. R.; Fruend, R.; Irmler, U. Formation and
properties of organic matter in a forest soil, as revealed by its biological
activity, wet chemical analysis, CPMAS 13C-NMR spectroscopy and
pyrolysis-field ionization mass spectrometry. Soil Biol. Biochem. 1993,
25, 587−596.
(30) Zucconi, F.; Forte, M.; Monaco, A.; De Bertoldi, M. Biological
evaluation of compost maturity. BioCycle 1981, 22, 27−29.
(31) Komilis, D. P.; Ham, R. K. Carbon dioxide and ammonia
emissions during composting of mixed paper, yard waste and food
waste. Waste Manag. 2006, 26, 62−70.
(32) Pramanik, P.; Ghosh, G. K.; Ghosal, P. K.; Banik, P. Changes in
organic − C, N, P and K and enzyme activities in vermicompost of

biodegradable organic wastes under liming and microbial inoculants.
Bioresour. Technol. 2007, 98, 2485−2494.
(33) Brady, N. C. The nature and properties of soil; Eurasia Publishing
House (P): New Delhi, India, 1988; pp 238−245.
(34) Suthar, S.; Singh, S. Vermicomposting of domestic waste by
using two epigeic earthworms (Perionyx excavatus and P. sansibaricus).
Int. J. Environ. Sci. Technol. 1988, 5 (1), 99−106.
(35) Kaushik, P.; Garg, V. K. Dynamics of biological and chemical
parameters during vermicomposting of solid textile mill sludge mixed
with cow dung and agricultural residues. Bioresour. Technol. 2004, 94,
203−209.
(36) Karmegam, N.; Thilagavathy, D. Decomposition of leaf litters
using compost worm, Eisenia fetida. Ind. J. Environ. Ecoplan. 2000, 3,
111−116.
(37) Christy, A. M.; Ramalingam, R. Influence of Sago wastes- Press
Periyonx excavatus mud mixture on the growth and reproduction of an
Indian epigeic earthworm (Perrier). Indian J. Environ. Ecoplann. 2005,
10 (2), 291−296.
(38) Williams, D. H.; Fleming, I. Spectroscopic methods in organic
chemistry, 2nd ed.; McGraw-Hill: New York, 1973; pp 74−146.
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