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ABSTRACT 
Three types of urban wastes – municipal solid waste (MSW), vegetable market waste (MW) and floral waste (FW) were bio-converted to 
composts (Cs), and vermicomposts (VCs) using three earthworm species – Eudrilus eugeniae (Kinberg), Eisenia fetida (Savigny) and 
Perionyx excavatus (Perrier). These were applied at a rate of 5 and 10 t ha-1 under field conditions, and their effects on various growth 
traits of fenugreek (Trigonella foenum-graecum L. South Indian cultivar) (‘UM-9’) and tomato plant (Solanum lycopersicum) (cv. ‘Arka’) 
were assessed. These experiments were conducted with a randomized complete block design. The urban organic wastes and their Cs and 
VCs showed significant positive effects on the growth of different traits of both plants (P < 0.001). There was a significant positive 
correlation between the number of leaves and dry biomass of both plants. The shoot length, number of leaves, number of branches, and 
dry biomass of both the plants increased significantly, except the root length, which decreased with the application of urban wastes and 
their Cs and VCs compared to the same traits of plants grown in soil. Growth traits, except for root length, were significantly higher with 
the application of VCs than those when Cs and urban organic wastes were used and were ranked as: VC of E. eugeniae > VC of E. fetida 
> VC of P. excavatus > C > wastes – MW > MSW > FW. This is because the VCs produced by these earthworm species possessed higher 
contents of nutrients – nitrogen, phosphorus, potassium, calcium and magnesium – compared to the C and urban organic wastes. 
_____________________________________________________________________________________________________________ 
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compost 
 
 
INTRODUCTION 
 
Urban organic waste, a potential resource of plant-nutrients 
is either thrown away haphazardly or burnt or buried 
causing environmental pollution of soil, water and air in 
developing countries like India. Thus, there is pressing need 
for disposal of escalating amounts of wastes particularly its 
organic component, which has encouraged the use of its 
compost (C) and vermicompost (VC) as soil amendment in 
agriculture and tree plantations (Bugbee 2002; Papafotiou et 
al. 2004). Moreover, composting and vermicomposting have 
been promoted as one of the suitable strategies to deal with 
and disposal of large quantities of organic wastes. Har-
nessing this waste through vermicomposting could mean 
disposal of the waste along with valuable manure yield, 
which could be added to the soil with little detrimental 
effects on crop growth (Hoitink 1980; Perner et al. 2006). 
Application of VC in agriculture not only boosts crop 
growth and enhances yield due to the presence of absor-
bable forms of plant nutrients and plant growth promoting 
hormone like substances (Arancon et al. 2009), but also 
suppresses root pathogens/soil-borne plant diseases (Aran-
con et al. 2006; Asciutto et al. 2006; Edwards et al. 2010; 
Villenave et al. 2010). 

Composting generally is the aerobic microbial trans-
formation of organic matter (Baca et al. 1992), and has been 
designated as the most adequate method of managing or-
ganic wastes or organic and mineral fraction of urban solid 
waste (Godden et al. 1986; Eghball et al. 1997; Maso and 
Blasi 2008; Elango et al. 2009; Domingo and Nadal 2009; 

Saha et al. 2010). In recent years, researchers have become 
progressively interested in using another related biological 
process known as vermicomposting for stabilizing organic 
wastes, involving the earthworms for breaking down the 
organic fraction of wastes (Edwards and Bohlen 1996; 
Edwards and Arancon 2004; Reddy and Ohkura 2004; Adi 
and Noor 2009; Gupta and Garg 2009; Mainoo et al. 2009; 
Suthar 2009; Bharadwaj 2010), which is a versatile natural 
bioreactor for biodegradation and stabilization of organic 
wastes in much shorter times than the composting. It is the 
most recommended method for treatment of organic solid 
wastes in many developing countries like India (NWMC 
1992). It can be described as bio-oxidation and stabilization 
of organic material involving the joint action of earthworms 
and different mesophilic microorganisms (Aira et al. 2002). 
It is the process of devouring, digestion and excretion of 
any organic waste by earthworms, in which complex or-
ganic fractions of solid waste are broken down into good 
quality C, i.e., VC (EPA 1980). The nutrients locked up in 
the organic waste are transformed to simple and absorbable 
forms such as nitrate or ammonium nitrogen, exchangeable 
phosphorus, soluble potassium, calcium and magnesium in 
worm’s gut during the process (Edwards and Burrows 1988; 
Atiyeh et al. 2002). The end product is usually a finely 
divided peat-like material having high and diverse microbes 
and enzymes, porosity/aeration and moisture holding capa-
city, rich in plant nutrients and plant growth promoting hor-
mone-like substances (Edwards 2004; Reddy and Ohkura 
2004; Arancon et al. 2005) compared to the substrates and 
normal C (Singh and Sharma 2002; Gupta et al. 2007; Patt-
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naik and Reddy 2009; Jouquet et al. 2010). It improves the 
soil fertility when applied favoring higher productivity 
(Kale et al. 1992; Reddy and Ohkura 2004; Padmavathi-
amma et al. 2008; Samantara and Reddy 2009). There is 
accumulating scientific evidence that VCs can influence the 
plant growth and productivity significantly (Edwards 1998), 
and that boosts plant growth (Reddy 1988; Rajkhowa et al. 
2000; Fernández-Luqueño 2010; Roy et al. 2010; Singh et 
al. 2010). It has been reported to have a favorable influence 
on growth and yield parameters of different crops like cere-
als and legumes (Chan and Griffiths 1988; Reddy and Oh-
kura 2004; Pasha et al. 2009) and vegetables like tomato 
(Solanum lycopersicum, formerly Lycopersicum esculen-
tum), brinjal (Solanum melongena) (Karmegam and Daniel 
2008) and okra (Abelmoschus esculentus) (Edwards and 
Burrows 1988; Wilson and Carlile 1989; Atiyeh et al. 2000; 
Gutiérrez-Miceli et al. 2007), ornamental and flowering 
plants (Edwards and Burrows 1988; Atiyeh et al. 2000) and 
field crops (Garg and Bhardwaj 2000; Arancon et al. 2004). 

There are, however, only few research studies that have 
examined the responses of crop plants to VCs under field 
conditions (Edwards and Burrows 1988; Wilson and Carlile 
1989; Kale et al. 1992; Mba 1996; Buckerfield and Webster 
1998). Field studies conducted in Ohio (USA) showed that 
soil amended with VC can enhance the growth and yield of 
crop plants (Arancon et al. 2004). But such studies in India 
are only a few (Kale et al. 1992; Singh et al. 2008; Batch-
man and Metzer 2008; Samantara and Reddy 2009; Roy et 
al. 2010). The present study assessed the effects of organic 
and mineral fractions of different urban wastes - municipal 
solid waste (MSW), vegetable market waste (MW) and flo-
ral waste (FW), and their respective Cs, and VCs prepared 
using two exotic species of earthworms, Eudrilus eugeniae 
(Kinberg) and Eisenia fetida (Savigny) and a local species, 
Perionyx excavatus (Perrier) on the growth traits – number 
of leaves and branches, shoot length (plant height), root 
length and biomass (dry) of fenugreek (Trigonella foenum-
graecum L.) and tomato (Lycopersicum esculentum Mill.) 
in relation to that of sole soil under field conditions. Fenu-
greek is used widely as leafy vegetable in India as it has 
aromatic and medicinal value (Anonymous 2003) while 
tomato is the world’s most popular and widely used fruit 
vegetable, which has many health benefits (Passam and 
Karapanos 2008). 

 
MATERIALS AND METHODS 
 
Experimental set up and collection of samples 
 
Municipal solid waste was collected from one of the major gar-
bage dumping sites – Karravadikuppam at Puducherry, a small 
town on the east coast of India and the erstwhile French colony, 
and the vegetable MW was collected from its main vegetable 
market, which comprises of different left over vegetables such as 
cabbage, brinjal, tomato, potato, onion, carrot, turnip and leafy 
vegetables. The FW was obtained from the Peltophorum pterocar-
pum (Family Fabaceae and sub-family Caesalpinioideae) – a 
widely-appreciated shade tree and a reclamation plant with dense 
spreading crown, planted along the road-sides of the Pondicherry 
University campus; it is usually planted on the road sides. Five 
samples each of 10 kg of each waste were collected randomly and 
then were mixed to form composite samples for further use. These 
wastes were characterized and segregated into biodegradable and 
non-biodegradable components. The organic along with mineral 
fraction of MSW, MW and FW were separated and air-dried 
separately for 48 h and pre-composted for three weeks prior to 
vermicomposting and composting processes. The details of pre-
composting and VC preparation are given in Pattnaik and Reddy 
(2009). 
 
Field experiment 
 
Seeds of two crop plants of a South Indian cultivar of tomato, S. 
lycopersicum (cv. ‘Arka’) and fenugreek, T. foenum-graecum L. 
(cv. ‘UM-9’) obtained from a local market were sown on the late-

rite native soil with treatment of three types of urban organic 
wastes – MSW, MW and FW, and their respective C and VCs pro-
duced by E. eugeniae, E. fetida and P. excavatus. Field experi-
ments with a randomized complete block design containing a total 
36 plots (six treatments – vermicomposts of three earthworm spe-
cies, compost, waste and soil without any amendment) with six 
replications for each waste and for each dose were conducted for 
both the plants separately. The test fields were set on with each 
plot measuring 30 × 30 cm square. Four seeds of each plant were 
sown in each plot of each treatment at a rate of 5 t ha-1 and 10 t  
ha-1 (Samantara and Reddy 2009). During each experiment the 
plants were watered regularly. Each plot was separated by PVC 
pipe of 30 × 30 cm square up to the depth of 30 cm in order to 
prevent the mixing of treatments with each other during watering. 
The harvesting was done at 90 days of experiment. The growth 
traits such as leaf number, plant height, number of branches and 
root length and dry biomass were measured. 
 
Physico-chemical analysis 
 
The homogenized sub-samples of each substrate material (waste) 
and their respective C and VC samples (on the basis of 100 g dry 
weight) were collected un-destructively from each replicate pot 
and compound samples were made, which were processed for ana-
lyses of major nutrients – total nitrogen (N), available phosphorus 
(P), exchangeable potassium (K), calcium (Ca) and magnesium 
(Mg). The details of nutrient analysis were given in Pattnaik and 
Reddy (2009). Both the plants were washed thoroughly with deio-
nized water to remove adhered soil particles, and subsequently, 
air-dried for 24 h followed by oven-drying at 70°C for 48 h and 
their dry weights were recorded. 
 
Statistical analysis 
 
The data on plant growth traits and the nutrient contents, were 
computed and presented as the mean ± SD (standard deviation), 
and treated statistically for t-test, ANOVA (Analysis of Variance) 
and linear regression using the XLStat software package (version 
2009). ANOVA tests were used to analyze the significant dif-
ference between growth traits of tomato and fenugreek plants ap-
plied with the treatments of three urban wastes and their respective 
C and VCs. The t-test was used to detect significant differences (P 
< 0.001) between the growth traits of both the plants grown in soil 
applied with different inputs – types of wastes, their Cs and VCs 
with that in soil alone. Coefficient correlations were calculated 
between nutrient contents of different treatments applied to the 
plants and their growth traits using regression analyses. 
 
RESULTS 
 
Nutrient status of urban wastes in relation to their 
VCs and Cs 
 
The nutrient contents were higher in MW followed by that 
of MSW and FW. The N, P, K, Ca and Mg contents were 
higher in the three types of urban wastes and their respec-
tive VCs and Cs, than that in native soil. The increase in N 
content was 9.3–26.9-fold in VCs, 5.9–11.6-fold in Cs and 
2.4–6.4-fold in wastes; for P it was 9.8–23.6-fold in VCs, 
7.8–13.4-fold in Cs; 2.2–5.0-fold in wastes; for K it was 
36.7–158.3-fold in VCs, 25.0–95.0-fold in Cs, 3.3–30.0-
fold in wastes; for Ca it was 146.7–680.0-fold in VCs, 
65.6–463.3-fold in Cs, 7.8–68.9-fold in wastes; for Mg it 
was 60.0–140.0-fold in VCs, 32.9–88.6-fold in Cs and 5.7–
24.3-fold higher in wastes than in soil (Table 1). 

A comparison of nutrient contents of VC and C samples 
with that of substrates (wastes) showed that the range of 
increase of N, P, K, Ca and Mg was 2.4–6.1-fold in VCs 
and 1.8–2.4-fold in Cs, 3.1–6.5-fold in VCs and 2.7–3.5-
fold in Cs, 3.8–19.0-fold in VCs and 3.2–7.5-fold in Cs, 
7.5–33.9-fold in VCs and 6.7–14.1-fold in Cs, 4.2–16.3-fold 
in VCs and 3.6–5.8-fold in Cs, respectively compared to 
that of the substrate (Table 1). When nutrient contents of 
VCs were compared to those of respective Cs, the range of 
increase was 1.3–2.4-, 1.2–1.8-, 1.2–2.5-, 1.1–4.0- and 1.2–
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2.8-fold, in the case of N, P, K, Ca and Mg, respectively in 
the VCs than that of Cs of all three wastes (Table 1). 
 
Comparison of plant growth traits treated with 
organic inputs in relation to that of soil 
 
The plant growth traits – shoot length, number of branches, 

number of leaves and dry biomass of tomato and of fenu-
greek showed significant increase except the root length 
that decreased significantly in both plants treated with 10 
and 5 t ha-1 of organic inputs i.e., three urban wastes and its 
VCs and Cs compared to that of soil. The increase in shoot 
length, number of branches, number of leaves and dry bio-
mass and the decrease in root length of both the plants – 

Table 1 Nutrient content of different organic inputs - three urban wastes. i.e., municipal solid waste (MSW), market waste (MW) and floral waste (FW) 
and their respective vermicomposts of Eudrilus eugeniae, Eisenia fetida and Perionyx excavatus and composts. 

60 Days 
Vermicompost 

0 Days 

E. eugeniae E. fetida P. excavatus 
Compost 

Nutri-
ents 

MSW MW FW MSW MW FW MSW MW FW MSW MW FW MSW MW FW 

Native 
Soil 

N 0.24 ± 
0.01 

0.45 ±  
0.10 

0.17 ± 
0.08 

1.46 ± 
0.02 

1.88 ± 
0.14 

0.99 ±
0.06 

1.08 ±
0.02 

1.23 ±
0.14 

0.81 ±
0.05 

0.88 ±
0.02 

1.07 ±
0.13 

0.65 ±
0.02 

0.61 ± 
0.03 

0.81 ±  
0.08 

0.41 ±
0.02 

0.07 ± 
0.007 

P 0.19 ± 
0.02 

0.25 ± 
0.04 

0.11 ± 
0.06 

0.91 ± 
0.02 

1.18 ± 
0.09 

0.71 ±
0.05 

0.73 ±
0.03 

0.96 ±
0.05 

0.55 ±
0.06 

0.64 ±
0.01 

0.78 ±
0.06 

0.49 ±
0.06 

0.52 ± 
0.02 

0.67 ± 
0.06 

0.39 ±
0.08 

0.05 ± 
0.005 

K 0.12 ± 
0.04 

0.18 ± 
0.07 

0.02 ± 
0.004 

0.82 ± 
0.03 

0.95 ± 
0.08 

0.38 ±
0.01 

0.68 ±
0.02 

0.79 ±
0.06 

0.29 ±
0.08 

0.57 ±
0.04 

0.69 ±
0.06 

0.22 ±
0.04 

0.46 ± 
0.04 

0.57 ± 
0.03 

0.15 ±
0.04 

0.006 ± 
0.002 

Ca 0.23 ± 
0.02 

0.62 ± 
0.18 

0.07 ± 
0.002 

4.33 ± 
0.02 

6.12 ± 
0.26 

2.37 ±
0.35 

3.92 ±
0.03 

5.06 ±
0.5 

1.98 ±
0.24 

3.61 ±
0.03 

4.64 ±
0.2 

1.32 ±
0.21 

3.25 ± 
0.01 

4.17 ± 
0.14 

0.59 ±
0.12 

0.009 ± 
0.003 

Mg 0.09 ± 
0.03 

0.17 ± 
0.06 

0.04 ± 
0.005 

0.85 ± 
0.01 

0.98 ± 
0.03 

0.65 ±
0.09 

0.71 ±
0.01 

0.84 ±
0.07 

0.56 ±
0.06 

0.62 ±
0.04 

0.72 ±
0.05 

0.42 ±
0.07 

0.51 ± 
0.02 

0.62 ± 
0.06 

0.23 ±
0.05 

0.007 ± 
0.003 
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Fig. 1 Plant growth traits. (A) Shoot length, (B) Number of branches, (C) Number of leaves, (D) Dry biomass and (E) Root length of tomato plant 
treated with the organic inputs of three urban wastes (UW): MW-I (market waste at 10 t ha-1) and MW-II (at 5 t ha-1); MSW-I (municipal solid waste at 10 
t ha-1) and MSW-II (at 5 t ha-1); and FW-I (floral waste at 10 t ha-1) and FW-II (at 5 t ha-1) and their respective composts (C) and vermicomposts of E. 
eugeniae (Ee), E. fetida (Ef) and P. excavatus (Pe) and of soil (n = 18, P < 0.001). 
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tomato (Fig. 1) and fenugreek (Fig. 2), was relatively high-
er in plants treated with VC of E. eugeniae, that of E. fetida 
and P. excavatus and sole C of MW followed by that of 
MSW and FW treated at the rate of both 10 as well as 5 t  
ha-1 compared to that of soil alone. The range of increase 
was 1.4–4.4- and 1.1–3.1-fold in the shoot length (Fig. 1A), 
1.3–4.3- and 1.0–3.7-fold in number of branches (Fig. 1B), 
1.1–2.9- and 1.0–2.4-fold in number of leaves (Fig. 1C), 
2.5–11.1- and 2.0–7.9-fold in dry biomass (Fig. 1D), where-
as the range of decrease was 0.2–0.8- and 0.33–0.88-fold in 
the root length (Fig. 1E) of tomato at 10 and 5 t/ha, res-
pectively; in fenugreek, the range of increase was 1.2–3.4- 
and 1.1–3.1-fold in shoot length (Fig. 2A), 1.0–4.0- and 
1.0–3.3-fold in number of branches (Fig. 2B), 1.8–9.9- and 
1.4–8.1-fold in number of leaves (Fig. 2C), 2.0–10.6- and 
1.5–6.7-fold in dry biomass (Fig. 2D); the decrease was 
0.3–0.9- and 0.3–0.9-fold for root length (Fig. 2E) at 10 and 
5 t ha-1, respectively. 
 
Comparison of plant growth traits applied with 
organic inputs in relation to that of the substrates 
 
The growth traits of both the plants - tomato (Table 2) and 
fenugreek (Table 3) grown across different inputs of urban 

wastes and their respective VCs and Cs showed significant 
differences. The shoot length, number of branches and 
leaves, and dry biomass of tomato and fenugreek plant were 
significantly higher and the root length of tomato (Fig. 1) 
and fenugreek (Fig. 2), were lower when grown with the 
treatments of VC of E. eugeniae, E. fetida and P. excavatus 
and with C applied at the rate of 10 and 5 t ha-1, compared 
to that of their respective substrate. The increase in shoot 
length (Fig. 1A), number of branches (Fig. 1B), number of 
leaves (Fig. 1C), and dry biomass (Fig. 1D) of tomato were 
in the range of 1.1–2.2-, 1.2–2.5-, 1.1–2.4- and 1.3–3.1-fold 
with the application of 10 t ha-1 and 1.1–2.2-, 1.0–2.8-, 1.1–
2.1- and 1.3–3.0-fold at 5 t ha-1, respectively and the de-
crease of root length (Fig. 1E) was 0.3–0.8- and 0.5–0.9-
fold when applied at 10 and 5 t ha-1, respectively; in fenu-
greek, the increase in shoot length (Fig. 2A), number of 
branches (Fig. 2B), number of leaves (Fig. 2C), and dry 
biomass (Fig. 2D) were 1.1–2.0-, 1.1–2.3-, 1.3–3.8- and 
1.3–2.9-fold at 10 t ha-1 and 1.1–1.9-, 1.0–2.0-, 1.3–3.4- and 
1.2–3.3-fold at 5 t ha-1, respectively; the decrease in root 
length (Fig. 2E) was 0.5–0.9-fold both at 5 and 10 t ha-1. 
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Fig. 2 Plant growth traits. (A) Shoot length, (B) Number of branches, (C) Number of leaves, (D) Dry biomass and (E) Root length of fenugreek plant 
treated with the organic inputs of three urban wastes (UW): MW-I (market waste at 10 t ha-1) and MW-II (at 5 t ha-1); MSW-I (municipal solid waste at 10 
t ha-1) and MSW-II (at 5 t ha-1); and FW-I (floral waste at 10 t ha-1) and FW-II (at 5 t ha-1) and their respective composts (C) and vermicomposts of E. 
eugeniae (Ee), E. fetida (Ef) and P. excavatus (Pe) and of soil (n = 18, P < 0.001). 
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Comparison of plant growth traits when grown in 
VCs and Cs 
 
The growth traits of tomato (Table 2) and fenugreek (Table 
3) grown in VCs were significantly higher from that of Cs 
applied at the rate of 5 and 10 t ha-1. The range of the in-
crease was 1.3–1.8- and 1.2–1.7-fold when applied at 10 t 
ha-1 and 1.2–1.8- and 1.2–1.6-fold at 5 t ha-1 for shoot length, 
1.0–1.9- and 1.2–1.5-fold at 10 t ha-1 and 1.0–2.8- and 1.1–
2.0-fold at 5 t ha-1 for number of branches, 1.3–2.0- and 
1.4–2.7-fold at 10 t ha-1 and 1.2–1.8- and 1.2–2.6-fold at 5 t 
ha-1 for number of leaves, 1.2–2.4- and 1.2–2.0-fold at 10 t 
ha-1 and 1.2–2.2- and 1.2–2.1-fold at 5 t ha-1 for dry bio-
mass; the decrease was in the range of 0.4–0.8- and 0.5–
0.9-fold at 10 t ha-1 and 0.5–0.9- and 0.6–0.9-fold at 5 t ha-1 

for root length of tomato (Fig. 1) and fenugreek (Fig. 2), 
respectively. 
 
Relationship of nutrients in soil and organic inputs 
with the plant growth traits 
 
The growth traits - shoot length, number of leaves and dry 
biomass of tomato were significantly and positively cor-
related to the nutrient contents – N (Fig. 3A), P (Figs. 3B), 
K (Figs. 3C), Ca (Figs. 3D) and Mg (Figs. 3E) respectively, 
present in the sole soil and various inputs i.e., MSW, MW 
and FW and their Cs, and VCs of P. excavatus, E. fetida and 
E. eugeniae (P < 0.001). The significant positive correla-
tions were also found between growth traits (shoot length, 
number of leaves and dry biomass) of fenugreek plant and 

Table 2 ANOVA of different growth traits of tomato plants grown with 
different organic inputs - three urban wastes (municipal solid waste -
MSW, market waste - MW and floral waste - FW) and their respective 
vermicomposts of Eudrilus eugeniae, Eisenia fetida and Perionyx excava-
tus and composts (* P < 0.001). 
Inputs Source of 

variation 
SS df MS F* 

10 t ha-1 Shoot length 
 Treatments 6911.447 5 1382.289 42.28634
 Wastes 1233.063 2 616.5316 18.86064
 Error 326.8879 10 32.68879  
 Total 8471.399 17   
 Root length 
 Treatments 148.1646 5 29.63293 163.4299
 Wastes 8.317811 2 4.158906 22.93697
 Error 1.813189 10 0.181319  
 Total 158.2956 17   
 No. of branches 
 Treatments 13.66618 5 2.733236 54.31828
 Wastes 1.565078 2 0.782539 15.55159
 Error 0.503189 10 0.050319  
 Total 15.73444 17   
 No. of leaves 
 Treatments 619.247 5 123.8494 89.21546
 Wastes 51.02914 2 25.51457 18.37953
 Error 13.88206 10 1.388206  
 Total 684.1582 17   
 Dry biomass 
 Treatments 6086.589 5 1217.318 70.56691
 Wastes 753.3474 2 376.6737 21.83547
 Error 172.5055 10 17.25055  
 Total 7012.442 17   
5 t ha-1 Shoot length 
 Treatments 2916.86 5 583.372 91.98846
 Wastes 231.0028 2 115.5014 18.21273
 Error 63.41796 10 6.341796  
 Total 3211.281 17   
 Root length     
 Treatments 85.60856 5 17.12171 74.64163
 Wastes 9.293344 2 4.646672 20.25704
 Error 2.293856 10 0.229386  
 Total 97.19576 17   
 Number of branches 
 Treatments 7.137867 5 1.427573 14.21178
 Wastes 0.782233 2 0.391117 3.893645
 Error 1.0045 10 0.10045  
 Total 8.9246 17   
 Number of leaves 
 Treatments 303.1608 5 60.63216 29.8559 
 Wastes 57.33333 2 28.66667 14.11576
 Error 20.30827 10 2.030827  
 Total 380.8024 17   
 Dry biomass 
 Treatments 3055.006 5 611.0013 114.1332
 Wastes 234.7033 2 117.3517 21.92094
 Error 53.53403 10 5.353403  
 Total 3343.244 17   

 

Table 3 ANOVA of different growth traits of  fenugreek plants grown 
with different organic inputs - three urban wastes (municipal solid waste -
MSW, market waste - MW and floral waste - FW) and their respective 
vermicomposts of Eudrilus eugeniae, Eisenia fetida and Perionyx excava-
tus and composts (* P < 0.001). 
Inputs Source of 

variation 
SS df MS F* 

10 t ha-1 Shoot length 
 Treatments 264.2311 5 52.84622 41.07574
 Wastes 59.07444 2 29.53722 22.95837
 Error 12.86556 10 1.286556  
 Total 336.1711 17   
 Root length 
 Treatments 213.4517 5 42.69033 57.7677 
 Wastes 32.26333 2 16.13167 21.82905
 Error 7.39 10 0.739  
 Total 253.105 17   
 No. of branches 
 Treatments 9.379517 5 1.875903 18.314 
 Wastes 4.538033 2 2.269017 22.15188
 Error 1.0243 10 0.10243  
 Total 14.94185 17   
 No. of leaves 
 Treatments 995.6929 5 199.1386 44.7419 
 Wastes 132.2554 2 66.12772 14.85739
 Error 44.5083 10 4.45083  
 Total 1172.457 17   
 Dry biomass 
 Treatments 116.9694 5 23.39389 21.90667
 Wastes 49.06778 2 24.53389 22.9742 
 Error 10.67889 10 1.067889  
 Total 176.7161 17   
5 t ha-1 Shoot length 
 Treatments 180.5828 5 36.11656 22.94733
 Wastes 65.18778 2 32.59389 20.70914
 Error 15.73889 10 1.573889  
 Total 261.5094 17   
 Root length     
 Treatments 165.8494 5 33.16989 42.27857
 Wastes 33.81444 2 16.90722 21.55006
 Error 7.845556 10 0.784556  
 Total 207.5094 17   
 Number of branches 
 Treatments 5.331161 5 1.066232 7.403933
 Wastes 4.111111 2 2.055556 14.27381
 Error 1.440089 10 0.144009  
 Total 10.88236 17   
 Number of leaves 
 Treatments 595.9804 5 119.1961 33.56641
 Wastes 104.0665 2 52.03327 14.65292
 Error 35.51052 10 3.551052  
 Total 735.5574 17   
 Dry biomass 
 Treatments 87.08278 5 17.41656 20.16843
 Wastes 34.59111 2 17.29556 20.02831
 Error 8.635556 10 0.863556  
 Total 130.3094 17   

 

117



Dynamic Soil, Dynamic Plant 4 (Special Issue 1), 113-122 ©2010 Global Science Books 

 

the nutrient contents – N (Fig. 4A), P (Figs. 4B), K (Figs. 
4C), Ca (Figs. 4D) and Mg (Figs. 4E), respectively, present 
in different organic inputs. The number of leaves and dry 
biomass of tomato (Fig. 5A) as well as fenugreek (Fig. 5B) 
grown across the inputs and in soil applied at the rate of 10 t 
ha-1 and 5 t ha-1 also showed the significant positive correla-
tions. 
 
DISCUSSION 
 
Plant nutrients of the urban wastes and their VCs 
and Cs 
 
VCs prepared from respective organic wastes possessed 
considerably higher levels of major nutrients - N, P, K, Ca 
and Mg compared to that of the wastes (Table 1); these 
findings are in consistence with those of many earlier au-
thors (Edwards 2004; Reddy and Ohkura 2004; Kitturmath 
et al. 2007; Pattnaik and Reddy 2009). Moreover, VCs pos-
sessed significantly higher concentrations of nutrients than 
that of the respective Cs (P < 0.05), which was probably 

due to the coupled effect of earthworm gut enzymatic acti-
vity as well as addition of microbial metabolites (Tognetti et 
al. 2007), making the excreta i.e., vermicast containing 
nutrients of more plant-available nature compared to that of 
Cs (Short et al. 1999; Bansal and Kapoor 2000). The waste 
materials ingested by the earthworms endured physic-
chemical decomposition and bio-chemical changes due to 
the enzymatic and enteric microbial activities while passing 
through the worm’s gut. The muscular gizzard and intestine 
masticated the ingested substrates and released nutrients in 
the form of microbial metabolites enriching the digested 
substrate in the alimentary canal with plant nutrients and 
plant growth promoting-like substances in an assimilated 
form, which is excreted in the form of vermicast (Kittur-
math et al. 2007; Pattnaik and Reddy 2009). 

Comparing the nutrients of VC of different waste sub-
strates produced by the three earthworm species - E. euge-
niae, E. fetida and P. excavatus, it was found that the VC of 
MW produced E. eugeniae possessed significantly higher 
concentrations of the nutrients followed by that MSW and 
FW processed by E. fetida and P. excavatus and the sole C, 
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Fig. 3 Relationship between plant growth (SL - shoot length, LN - leaf number and DBM - dry biomass) of tomato plant and nutrient contents of nitrogen, 
phosphorus, potassium, calcium and magnesium of the inputs applied to soil, such as three urban wastes (MSW, MW and FW) and its respective composts 
and vermicomposts of E. eugeniae, E. fetida and P. excavatus and soil (n = 18, P < 0.001). 
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in the ranking order of E. eugeniae > E. fetida > P. exca-
vatus > C of MW > MSW > FW (P < 0.05), which indi-
cated that the there is specific difference due to nutrient 
content of the waste substrate, and the better efficiency of 
species of earthworms in recovering nutrients from the 
waste through vermicomposting process (Padmavathiamma 
et al. 2008; Venkatesh and Eevera 2008). 
 
Effect of nutrient contents of the inputs on the 
growth of tomato and fenugreek 
 
Growth of both tomato and fenugreek was significantly 
higher with the application of urban wastes and their res-
pective VCs and Cs compared to that the plants grown in 
sole soil, which is consistent with the findings of Azarmi et 
al. (2008) that VC has significant effects on growth traits 
like plant shoot and dry weight being higher than those of 
plants grown in sole soil (Reddy and Ohkura 2004; Pasha et 
al. 2009). The significant positive correlations between the 
increase growth traits in relation to the nutrient contents of 

the organic inputs i.e., wastes, Cs and VCs clearly showed 
that the nutrient contents present in the organic inputs ap-
plied to the plants increased growth traits of the plants, as 
nutritional factor is one of the important medium of plant 
growth (Atiyeh et al. 2000; Arancon et al. 2004). 

Our findings further showed clearly that tomato (Fig. 1) 
and fenugreek (Fig. 2) grown with application of VCs espe-
cially that was produced by E. eugeniae were significantly 
higher than that of E. fetida and of P. excavatus in leaf and 
branch numbers, plant height and dry biomass compared to 
that of C, in the order of VC of E. eugeniae > that of E. 
fetida > that of P. excavatus > C, mainly because of VC 
possessed not only higher concentrations of the macro-
nutrients but also the plant growth promoting hormone like 
substances that boosted the plant growth (Edwards 1998; 
Reddy and Ohkura 2004; Pattnaik and Reddy 2009). Fur-
ther, Arancon et al. (2004) found similar results with maize, 
and tomato and cucumber and explained that auxin groups 
in humic acids present in VCs probably increased the stem 
growth in these plants significantly. The decreased root 
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Fig. 4 Relationship between plant growth (SL - shoot length, LN - leaf number and DBM - dry biomass) of fenugreek plant and the nutrient contents of 
nitrogen, phosphorus, potassium, calcium and magnesium of the inputs applied to soil, such as three urban wastes (MSW, MW and FW) and its respective 
composts and vermicomposts of E. eugeniae, E. fetida and P. excavatus and soil (n = 18, P < 0.001). 

119



Dynamic Soil, Dynamic Plant 4 (Special Issue 1), 113-122 ©2010 Global Science Books 

 

length with VC was probably due to the availability of 
readily absorbable nutrients in the VC and their supply to 
the root system from the near surface rhizosphere whereas 
larger root length in the plants grown in sole soil was prob-
ably due to penetration of roots to deeper soil layers in 
search of nutrients because of the absence of readily avail-
able nutrients near the surface and sub surface areas; similar 
results were reported in an earlier study by Samantara and 
Reddy (2009). 

The positive correlation between the nutrients present in 
the organic inputs of urban wastes and their respective VCs 
and Cs applied to the plants and their growth traits clearly 
indicated that the growth of tomato (Fig. 3) and fenugreek 
(Fig. 4) increased with addition of inputs – organic fraction 
of wastes to Cs and VCs and were associated with greater 
uptake of nutrients. Arancon et al. (2004) reported positive 
effects of VC on the growth and yield in strawberry, espe-
cially increase in leaf area, shoot dry weight and fruit 
weight under field conditions. The available nutrient status 
of soil was greatly enhanced by the application of VC as an 
organic source (Prabha et al. 2007). Similar studies were 
conducted to examine the effect of VC on growth and yield 
of vegetables in container growth media are in consistence 
to the present findings, with VC of poultry droppings in-
creasing shoot biomass and seed yield of cowpea (Mba 
1996), that of grape mare enhancing the grape yield up to 
55%, and that of food waste and paper waste rising the 
growth, flowering and yields of field strawberries (Arancon 
et al. 2004; Reddy and Ohkura 2004; Pattnaik and Reddy 
2009). These authors are of the view that large amount of 
beneficial microbial population in VC, and their build up 
and activity in the soil treated with VC probably increased 
the plant growth (Arancon et al. 2004). Azarmi et al. (2008) 
reported that growth and yield parameters such as leaf area, 
dry shoot weights and weight of fruits were significantly 
affected by applying VC. Mishra et al. (2005) showed that 
VC had beneficial effects on growth and yield of rice, espe-

cially causing significant increase of many growth para-
meters – seed germination, chlorophyll concentration and 
yield. Similar findings of increased plant growth with ap-
plication of C and VC were also reported by other resear-
chers (Atiyeh et al. 2001; Phasa et al. 2009; Samantara and 
Reddy 2009). Perez-Murcia et al. (2006) showed significant 
increases in the dry and fresh weights of broccoli aerial 
parts with the application of C, attributing the effects on the 
growth mainly to the great contribution of nutrients, espe-
cially N and P of Cs. These findings have been supported 
by other researchers (Pinamonti et al. 1997; Atiyeh et al. 
2001; García-Gomez et al. 2002 Arancon et al. 2004; Reddy 
and Ohkura 2004; Pattnaik and Reddy 2009). 

The significant positive correlation found between num-
ber of leaves and dry biomass of both the plants clearly in-
dicated that based on simple counting the number of leaves 
followed by the increase in leaf number with the progress of 
the growth of the plants, the increase in the dry biomass of 
the plants can be predicted without doubt (Fig. 5). 
 
CONCLUSION 
 
Growth traits of both the plants fenugreek and tomato were 
higher with the organic input of VC of MW compared to 
that of MSW and FW produced by E. eugeniae as it pos-
sessed relatively higher nutrients – N, P, K, Ca and Mg 
followed by that of E. fetida and P. excavatus; the nutrients 
showed significant positive correlation with the growth 
traits of the plants. Both the plants showed higher growth 
parameters with application of VCs compared to that of Cs 
and the organic and mineral fraction of urban wastes as the 
former showed higher contents of nutrients compared to 
that of the sole C as well as the wastes. Besides, growth 
traits of both the plants were higher with the application of 
higher dose of MW and its VCs and Cs compared to other 
urban waste and their VC and C in relation to that of the 
soil. Thus, vermicomposting, the process of production of 
VC, proved to be a better technology for recovering plant 
nutrients from organic waste while managing the urban 
solid waste and thus, may be preferred as a best process for 
urban solid waste disposal and management. The VC can be 
used as an organic fertilizer, for sustainable management of 
agro-ecosystems. 
 
ACKNOWLEDGEMENTS 
 
This research was funded through a Major Research Project [F. No. 
32-634/2006(SR)] sanctioned during 2007 to 2010 by University 
Grants Commission (New Delhi). SP received a research project 
fellowship from the project. 
 
REFERENCES 
 
Adi AJ, Noor ZM (2009) Waste recycling: Utilization of coffee grounds and 

kitchen waste in vermicomposting. Bioresource Technology 100, 1027-1030 
Aira M, Monroy F, Domínguez J, Mato S (2002) How earthworm density 

affects microbial biomass and activity in pig manure. European Journal of 
Soil Biology 38, 7-10 

Anonymous (2003) Nature’s Medicine Reader’s Digest Association Ltd., Lon-
don, 335 pp 

Arancon NQ, Edwards CI, Bierman P, Welch C, Metzger TD (2004) Influ-
ences of vermicomposts on field strawberries: 1. Effect on growth and yields. 
Bioresource Technology 93, 145-153 

Arancon NQ, Edwards CA, Lee S, Byrne R (2005) Effects of humic acids 
from vermicomposts on plant growth. European Journal of Soil Biology 42, 
65-69 

Arancon NQ, Edwards CA, Bierman P (2006) Influences of vermicomposts 
on field strawberries: Part 2. Effects on soil microbiological and chemical 
properties. Bioresource Technology 97, 831-840 

Asciutto K, Rivera MC, Wright ER, Morisigue D, López MV (2006) Effect 
of vermicompost on the growth and health of Impatiens wallerana. Interna-
tional Journal of Experimental Botany 75, 115-123 

Atiyeh RM, Subler S, Edwards CA, Bachman G, Metzger JD, Shuster W 
(2000) Effects of vermicomposts and composts on plant growth in horticultu-
ral media and soil. Pedobiolgia 44, 579-590 

Atiyeh RM, Edwards CA, Subler S, Metzger JD (2001) Pig manure vermi-
compost as a component of a horticultural bedding plant medium: Effects on 

y10�=�3.138x���19.46
R²�=�0.961

y5�=�2.857x���15.17
R²�=�0.930

0

10

20

30

40

50

60

70

80

10 15 20 25 30 35
Leaf�number

D
ry
�b
io
m
as
s�
(g
)

10�t/ha

5�t/ha

A

y10�=�0.366x�+�0.721
R²�=�0.888

y5�=�0.408x�+�0.146
R²�=�0.940

0

2

4

6

8

10

12

14

0 5 10 15 20 25 30 35
Leaf�number

D
ry
�b
io
m
as
s�
(g
)

10t/ha

5t/ha

B

 
Fig. 5 Correlation between leaf number (LN) and dry biomass (DBM) of 
(A) tomato and (B) and that of fenugreek plant with the various inputs 
applied to soil such as three urban wastes (MSW, MW and FW) and its 
respective composts and vermicomposts of E. eugeniae, E. fetida and P. 
excavatus and soil (n = 18, P < 0.001). 

120



Effects of urban wastes and their vermicomposts and composts on plant growth. Pattnaik and Reddy 

 

physicochemical properties and plant growth. Bioresource Technology 78, 
11-20 

Atiyeh RM, Lee S, Edward CA, Arancon NQ, Metzger JD (2002) The influ-
ence of humic acids derived from earthworm-processed organic wastes on 
plant growth. Bioresource Technology 84, 7-14 

Azarmi R, Ziveh PS, Satari MR (2008) Effect of vermicompost on growth, 
yield and nutrition status of tomato (Lycopersicum esculentum). Pakistan 
Journal of Biological Sciences 11 (14), 1797-1802 

Baca MT, Fornasier F, de Nobili M (1992) Mineralization and humification 
pathways in two composting processes applied to cotton wastes. Journal of 
Fermentation and Bioengineering 74, 179-184 

Bachman GR, Metzger JD (2008) Growth of bedding plants in commercial 
potting substrate amended with vermicompost. Bioresource Technology 99, 
3155-3161 

Bansal S, Kapoor KK (2000) Vermicomposting of crop residues and cattle 
dung with Eisenia foetida. Bioresource Technology 73, 95-98 

Bharadwaj A (2010) Management of kitchen waste material through vermi-
composting. Asian Journal of Experimental and Biological Science 1, 175-
177 

Buckerfield JC, Webster KA (1998) Worm-worked waste boosts grape yields: 
prospects for vermicompost use in vineyards. Australian and New Zealand 
Wine Industry Journal 13, 73-76 

Bugbee JG (2002) Growth of ornamental plants in container media amended 
with biosolids compost. Compost Science and Utilization 10, 92-98 

Chan PLS, Griffiths DA (1988) The vermicomposting of pretreated pig man-
ure. Biological Wastes 24, 57-69 

Domingo JL, Nadal M (2009) Domestic waste composting facilities: A review 
of human health risks. Environment International 35, 382-389 

Edwards CA (1998) The use of earthworms in the breakdown and management 
of organic wastes. In: Edwards CA (Ed) Earthworm Ecology, CRC Press 
LLC, Boca Raton, Florida, pp 327-354 

Edwards CA (2004) Earthworm Ecology (2nd Edn), CRC Press LLC, Boca 
Raton, FL, USA, 448 pp 

Edwards CA, Arancon NQ (2004) The Use of Earthworms in the Breakdown 
of Organic Wastes to Produce Vermicomposts and Animal Feed Protein. In: 
C.A. Edwards CA (Ed) Earthworm Ecology (2nd Edn), CRC Press, Boca 
Raton, Florida, pp 345-438 

Edwards CA, Bohlen P (1996) Biology and Ecology of Earthworms (3rd Ed), 
Chapman and Hall, London, 426 pp 

Edwards CA, Burrows I (1988) The potential of earthworm composts as plant 
growth media. In: Edwards CA, Neuhauser E (Eds) Earthworms in Waste and 
Environmental Management, SPB Academic Press, The Hague, The Nether-
lands, pp 21-32 

Edwards CA, Arancon NQ, Vasko-Bennett M, Askar A, Keeney G, Little B 
(2010) Suppression of green peach aphid (Myzus persicae) (Sulz.), citrus 
mealybug (Planococcus citri) (Risso), and two spotted spider mite (Tetrany-
chus urticae) (Koch.) attacks on tomatoes and cucumbers by aqueous extracts 
from vermicomposts. Crop Protection 29, 80-93 

Eghball B, Power JF, Gilley JE, Doran JW (1997) Nutrient, carbon and mass 
loss during composting of beef cattle feedlot manure. Journal of Environmen-
tal Quality 26, 189-193 

Elango D, Thinakaran N, Panneerselvam P, Sivanesan S (2009) Thermophi-
lic composting of municipal solid waste. Applied Energy 86, 663-668 

EPA (1980) Compendium of Solid Waste Management by Vermicomposting, US 
Environmental Protection Agency, Ohio, 45 pp 

Fernández-Luqueño F, Reyes-Varela V, Martínez-Suárez C, Salomón-Her-
nández G, Yáñez-Meneses J, Ceballos-Ramírez JM, Dendooven L (2010) 
Effect of different nitrogen sources on plant characteristics and yield of com-
mon bean (Phaseolus vulgaris L.). Bioresource Technology 101, 396-403 

García-Gomez A, Bernal MP, Roig A (2002) Growth of ornamental plants in 
two composts prepared from agroindustrial wastes. Bioresource Technology 
83, 81-87 

Garg K, Bhardwaj (2000) Effect of vermicompost of Parthenium on two cul-
tivars of wheat. Indian Journal of Ecology 27, 177-180 

Godden B, Penninckx MJ, Castille C (1986) On the use of biological and che-
mical indexes for determining agricultural compost maturity: extension to the 
field scale. Agricultural Wastes 15, 169-178 

Gupta R, Mutiyara PK, Rawata NK, Saini MS, Garg VK (2007) Develop-
ment of a water hyacinth based vermireactor using an epigeic earthworm 
Eisenia foetida. Bioresource Technology 98, 2605-2610 

Gupta R, Garg VK (2009) Vermiremediation and nutrient recovery of non-re-
cyclable paper waste employing Eisenia fetida. Journal of Hazardous Mate-
rials 162, 430-439 

Gutiérrez-Miceli FA, Santiago-Borraz J, Molina JAM, Nafate CC, Abud-
Archila M, Llaven MAO, Rincón-Rosales R, Dendooven (2007) Vermi-
compost as a soil supplement to improve growth, yield and fruit quality of 
tomato (Lycopersicum esculentum). Bioresource Technology 98, 2781-2786 

Hoitink HAJ (1980) Composted bark, a lightweight growth medium with fun-
gicidal properties. Plant Disease 64, 142-147 

Kale RD, Mallesh BC, Bano K, Bagyaraj DJ (1992) Influence of vermicom-
post application on the available macronutrients and selected microbial popu-
lations in a paddy field. Soil Biology and Biochemistry 24 (12), 1317-1320 

Karmegam N, Daniel T (2008) Effect of vermicompost and chemical fertilizer 

on growth and yield of hyacinth bean, Lablab purpureus (L.) Sweet. Dyna-
mic Soil, Dynamic Plant 2 (1/2), 77-81 

Kitturmath MS, Giraddi RS, Basavaraj B (2007) Nutrient changes during 
earthworm, Eudrilus eugeniae (Kinberg) mediated vermicomposting of agro-
industrial wastes. Karnataka Journal of Agriculture Science 20, 653-654 

Mainoo NOK, Barrington S, Whalen JK, Sampedro L (2009) Pilot-scale 
vermicomposting of pineapple wastes with earthworms native to Accra, 
Ghana. Bioresource Technology 100, 5872-5875 

Masó MA, Blasi AB (2008) Evaluation of composting as a strategy for man-
aging organic wastes from a municipal market in Nicaragua. Bioresource 
Technology 99, 5120-5124 

Mishra MS, Sahu RK, Sanjat K, Padhy RN (2005) Effect of vermicomposted 
municipal solid wastes on growth, yield and heavy metal contents of rice 
(Oryza sativa). Fresenius Environmental Bulletin 14, 584-590 

Mba CC (1996) Treated-cassava peel vermicomposts enhanced earthworm acti-
vities and cowpea growth in field plots. Resources Conservation and Recyc-
ling 17, 219-226 

NWMC (1992) Agenda Notes, Meeting of the National Waste Management 
Council, Ministry of Environment and Forest, Government of India 

Padmavathiamma PK, Lib LY, Kumaric UR (2008) An experimental study 
of vermi-biowaste composting for agricultural soil improvement. Bioresource 
Technology 99, 1672-1681 

Papafotiou M, Phsyhalou M, Kargas G, Chatzipavlidis I, Chronopoulos J 
(2004) Olive-mill wastes compost as growing medium component for the 
production of poinsettias. Scientia Horticulturae 102, 167-175 

Pasha M, Reddy MV, Ahmed R (2009) Influence of kitchen-waste vermicom-
post, earthworm-casts and farmyard manure on some growth parameters and 
mineral nutrients of straw of maize in glass house trials. In: Venkateshwarlu P, 
Suchetha PS, Leela B, Jayanthi P, Kumari N (Eds) Proceedings of the Natio-
nal Seminar, Biotechnology in Life Sciences – Current Trends and Develop-
ments, Deepti Printers, Warangal (Andhra Pradesh), pp 52-59 

Jouquet P, Plumere T, Thu TD, Rumpel C, Duc TT, Orange D (2010) The 
rehabilitation of tropical soils using compost and vermicompost is affected by 
the presence of endogeic earthworms. Applied Soil Ecology 46, 125-133 

Passam HC, Karapanos IC (2008) Eggplants, peppers and tomatoes: Factors 
affecting the quality and storage life of fresh and fresh-cut (minimally 
processed) produce. In: Passam H (Ed) The Fruiting Species of the Solana-
ceae. The European Journal of Plant Science and Biotechnology 2 (Special 
Issue 1), 156-170 

Pattnaik S, Reddy MV (2009) Bioconversion of municipal (organic) solid 
waste into nutrient-rich vermicompost by earthworms (Eudrilus eugeniae, Ei-
senia fetida and Perionyx excavatus). In: Karmegan N (Ed) Vermitechnology 
I. Dynamic Soil Dynamic Plant 3 (Special Issue 1), 122-128 

Perez-Murcia MD, Moral R, Moreno-Caselles J, Perez-Espinosa A, Paredes 
C (2006) Use of composted sewage sludge in growth media for broccoli. Bio-
resource Technology 97, 123-130 

Perner H, Schwarz D, George E (2006) Effect of mycorrhizal inoculation and 
compost supply on growth and nutrient uptake of young leek plants growth 
on peat-based substrates. Horticultural Science 41, 628-632 

Pinamonti F, Stringari G, Zorzi G (1997) Use of compost in soilless cultiva-
tion. Compost Science and Utilization 5, 38-46 

Prabha KP, Loretta YL, Usha RK (2007) An experimental study of vermi-
biowaste composting for agricultural soil improvement. Bioresource Technol-
ogy 99, 1672-1681 

Rajkhowa DJ, Gogoi AK, Kandal R, Rajkhowa KM (2000) Effect of vermi-
compost on greengram nutrition. Journal of the Indian Society of Soil Science 
48, 207-208 

Reddy MV (1988) The effect of casts of Pheretima alexandri on the growth of 
Vinca rosea and Oryza sativa. In: Edwards CA, Neuhauser EF (Eds) Earth-
worms in Environmental and Waste Management, SPB Bakker, The Nether-
lands, pp 241-248 

Reddy MV, Ohkura K (2004) Vermicomposting of rice straw and its effect on 
sorghum growth. Tropical Ecology 45, 272-331 

Roy S, Arunachalam K, Dutta BK, Arunachalam A (2010) Effect of organic 
amendments of soil on growth and productivity of three common crops viz. 
Zea mays, Phaseolus vulgaris and Abelmoschus esculentus. Applied Soil 
Ecology 45, 78-84 

Saha JK, Panwar N, Singh MV (2010) An assessment of municipal solid 
waste compost quality produced in different cities of India in the perspective 
of developing quality control indices. Waste Management 301, 192-201 

Samantara SS, Reddy MV (2009) Effects of kitchen-waste vermicompost on 
chlorophyll content, leaf area index, biomass and other growth characteristics 
of fenugreek (Trigonella foenum graceum Linn.) under field conditions. Pro-
ceedings of the National Academy of Science, India, Section B 79, 312-317 

Short JCP, Frederickson J, Morris RM (1999) Evaluation of traditional win-
drow-composting and vermicomposting for the stabilization of waste paper 
sludge (WPS). Pedobiologia 43, 735-743 

 Singh A, Sharma S (2002) Composting of a crop residue through treatment 
with microorganisms and subsequent vermicomposting. Bioresource Technol-
ogy 85, 107-111 

Singh R, Sharma RR, Kumar S, Gupta RK, Patil RT (2008) Vermicompost 
substitution influences growth, physiological disorders, fruit yield and quality 
of strawberry (Fragaria x ananassa Duch.). Bioresource Technology 99, 

121



Dynamic Soil, Dynamic Plant 4 (Special Issue 1), 113-122 ©2010 Global Science Books 

 

8507-8511 
Singh R, Gupta RK, Patil RT, Sharma RR, Asrey R, Kumar A, Jangra KK 

(2010) Sequential foliar application of vermicompost leachates improves 
marketable fruit yield and quality of strawberry (Fragaria × ananassa 
Duch.).  Scientia Horticulturae 124, 34-39 

Suthar S (2009) Vermicomposting of vegetable-market solid waste using Eise-
nia fetida: Impact of bulking material on earthworm growth and decomposi-
tion rate. Ecological Engineering 35, 914-920 

Tognetti C, Mazzarino MJ, Laos F (2007) Improving the quality of municipal 
organic waste compost. Bioresource Technology 9, 1067-1076 

Venkatesh RM, Eevera T (2008) Mass reduction and recovery of nutrients 
through vermicomposting of fly ash. Applied Ecology and Environmental Re-
search 6, 77-84 

Villenave C, Rabary B, Kichenin E, Djigal D, Blanchart E (2010) Earth-
worms and plant residues modify nematodes in tropical cropping soils 
(Madagascar): A mesocosm experiment. Applied and Environmental Soil Sci-
ence 2010, 323640, 7 pp 

Wilson DP, Carlile WR (1989) Plant growth in potting media containing 
worm-worked duck waste. Acta Horticulturae 238, 205-220 

 
 

122


