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ABSTRACT

Earthworms are very effective in degrading various 
crop residues and play a vital role in sustainable 
waste management. The extent of decomposition is 
dependent on the quality of plant materials used as 
substrate. An attempt was carried out at Integrated 
Farming Research Station, Karamana, Kerala Ag-
ricultural University, India to study the effect of 21 
different tree leaf loppings on growth of earthworm 
and vermicompost output.  It was noticed that tree 
leaf loppings of Bombax, Erythrina, Gliricidia and 
Casuarina had no adverse effect on earthworms and 
resulted in better compost output. Leachates obtained 
from these leaf loppings (@10 % concentration) 
were applied over cowdung inoculated pseudostem 
biomass to know their influence on earthworm spe-
cies, Eudrillus euginae. The tree leaf leachates, in 

general, adversely affected multiplication and growth 
of earthworms. 

Keywords Vermicomposting, Leaf tree loppings, 
Leaf exudates, Earthworm morphology.
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INTRODUCTION

Vermicomposting is a simple biotechnological pro-
cess of composting, where earthworm species are 
used to enhance the process of waste conversion and 
produce a better end product (Gandhi et al. 1997). 
It is much faster than ordinary composting, that 
the substrates once pass though earthworm gut are 
subjected to a series of biochemical action inside, 
leading to nutrient rich manure (Tara 2003). Earth-
worms consume various organic wastes equivalent to 
their body weight and produce cast equivalent to 50 
% of the waste consumed per day (Nagavellamma et 
al. 2004). Any type of bio wastes viz., agro-wastes, 
animal manure and domestic refuse can be converted 
to nutrient rich fertilizer which can be utilized for 
soil quality improvement and effective plant growth 
(Gajalakshmi and Abassi 2004). This organic fertil-
izer rich in NPK, micronutrients and beneficial soil 
microbes (nitrogen fixing and phosphate solubilizing 
bacteria and actinomycetes), is a sustainable alterna-
tive to chemical fertilizers and an excellent growth 
promoter and protector for crop plants (Sinha et 
al.2011, Chauhan and Singh 2015, Kaur 2020). It 
serves as a rapid solution for the huge volume of 
biowaste generated in agricultural fields.
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The waste to be stabilized should support an 
adequate biomass needed for effective processing 
(Haimi and Huhta 1986). Vermicomposts are fine-
ly divided peat-like materials with high porosity, 
aeration, drainage,water holding capacity and large 
surface area, providing strong capacity to hold and 
retain plant available nutrients such as nitrates, ex-
changeable phosphorus, soluble potassium, calcium, 
magnesium and essential micronutrients (Edwards 
and Burrows 1988, Orozco et al. 1996, Chaudhuri 
et al. 2000). Earthworm species like Perionyxex 
cavatus, P. sansibaricus and Eudrillus eugeniae 
have proved to be very ideal for vermicomposting, 
especially in tropical and sub-tropical regions (Suthar 
2007b,Pattnaik and Reddy 2010).Compared to their 
parent materials, vermicompost has less soluble salts, 
greater cation exchange capacity, increased total hu-
mic acid, available nutrients and biologically active 
substances such as plant growth regulators (Kale 
2014, Rautela et al. 2019).

The gut of earthworm has a big population of 
microflora that could enhance nutrient availability 
in the vermicompost. Thus, there is direct as well 
as indirect influence in the degradation of substrate 
through interior cellulolytic activity and modulating 
microbial population structure and dynamics. The 
success of the composting depends upon the fecundity 
of the earthworm.The quality and quantity of organic 
wastes used are very important in determining the 
rate of growth of earthworms (Edwards 1998). It is a 
complex biological process involving the joint action 
of earthworms and microorganisms where, microbes 
are responsiblefor biochemical degradation of organic 
matter and earthworms are the important drivers of 
the process, conditioning the substrate and altering 
the biological activity (Aira et al. 2002). The type of 
substrate used and species of earthworms introduced 
plays a significant role in plant growth and yield 
(Suthar and Ram 2008, Suthar 2009, Joseph 2019). 
Nutrient quality of vermicompost depends on the type 
of raw material used for composting (Ramnarain et 
al. 2019).

Information is very scanty on the growth of earth-
worms and rate of vermicompost production when 
different tree leaves are used as substrates or crop 
residues for composting. Hence, an attempt was made 
in this study to know the extent of degradation and 

vermicompost output that might occur when different 
leaf loppings of fruit/ agroforestry trees commonly 
seen in and around a homestead based farming system 
were used as substrates for composting. Also, their 
influence on the morphology of earthworms when 
used as such or as leaf leachates was also examined.

MATERIALS AND METHODS

The experiment was carried out at Integrated Farming 
System Research Station, Karamana, Kerala Agri-
cultural University, located at 8° 28’ 25” N latitude 
and 76° 57’ 32” E longitude, at an altitude of 5 m 
above mean sea level. It was designed to assess the 
suitability of various leaf loppings/ leaf exudates for 
vermicomposting and their influence on earthworms 
and vermicompost output. Fresh leaf loppings from 
fully grown 21 different test trees viz., Manilkara 
zapota (Sapota), Ailanthus sp. (Tree of heaven), 
Anacardium occidentale (Cashew), Artocarpus 
heterophyllus (Jack), A. hirsutus (Wild Jack), Aza-
dirachta indica (Neem), Bombax (cotton tree), 
Casuarina equisetifolia (Australian pine), Coffea 
sp. (Coffee), Erythrina indica (Indian coral tree), 
Glyricidiasepium (Glyricidia), Hevea brasiliensis 
(Rubber), Leucaenaleucocephala (Subabul), Man-
gifera indica (Mango), Psidium guajava (Guava), 
Swietenia sp. (Mahogany), Tamarindus indica (Tam-
arind), Tectona grandis (Teak),Thespesia populnea 
(Portia), Theobroma cacao (Cocoa) and Macaranga 
sp. (Vatta) were collected. The investigation was done 
in two parts- i) using leaf loppings as crop residues 
for vermicomposting and ii) leaf exudates obtained 
from these tree leaf loppings. Both studies were set 
up as pot culture experiments.

Use of fresh tree loppings

Leaf loppings collected from the test trees (21 No.) 
were mixed with cow dung in 1:1 proportion and 
preliminarily incubated for 15 days by sprinkling 
water daily to prevent excessive buildup of internal 
temperature.Uniform sized clay pots of 20 cm diam-
eter and 28 cm depth were placed in thatched sheds 
having open sides. At the bottom of each pot, a layer 
of coconut husk was placed with the concave side 
facing upward to ensure proper aeration and drainage 
of excess water. The husk was moistened and above 
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this, each pot was filled with 13.5 kg (fresh weight) 
of the partially decomposed waste upto a height of 
20 cm. A separate control was maintained in which 
equivalent quantity of preliminarily incubated 
mixture containing banana pseudostem, the most 
commonly used substrate for vermicomposting, was 
filled. Earthworm, Eudrillus euginae was introduced 
@10 numbers per pot. All the treatments were rep-
licated thrice.

Use of fresh tree leaf leachates

Leaf leachate was prepared by soaking the fresh 
leaf tree loppings @ 100 g perlitre of water for 12 
h (…………) and strained through a muslin cloth. 
Banana pseudostem was mixed with cowdung in 1:1 
ratio and preliminarily incubated for 15 days as in first 
experiment. Similar sized clay pots were taken and 
a layer of coconut husk was arranged at the bottom. 
All the pots were uniformly filled with 15 kg each of 
the pre incubated mixture upto 20 cm height.  Here 
also, E. euginaewas used for composting and intro-
duced @10 number per pot.The treatment pots were 
irrigated with tree leaf leachates (10 % concentration), 

whereas in control the pots were irrigated with water. 

In both the cases, the treatment pots were covered 
with coconut fronds to provide necessary shade and 
maintain temperature. Adequate and uniform mois-
ture was maintained in all the pots by sprinkling water 
once in two days. After 75 days of incubation, the 
compost was removed from each pot along with the 
worms and heaped in shade separately. This ensured 
movement of the worms to the bottom of the heap. 
Composted material was collected from top layers, 
sieved, dried under shade and weighed. Earthworms 
that aggregated at the bottom layers were collected 
separately. Number of earthworms, increment in size 
(length and weight) of worms and quantity of vermi-
compost produced/output (on dry weight basis) were 
recorded in each treatment (pot).

RESULTS AND DISCUSSION

Effect of tree leaf loppings  

The outcome of the influence of various leaf lop-
pings on earthworms and vermicompost production 

Table 1.  Effect of tree leaf loppings when used as substrate for vermicomposting on earthworms and compost production.

    Treatments                                No. of worms at                 Length increment                    Weight                       Compost output
(Leaf loppings)                                  the end of                         in earthworms                  increment in                   (dryweight in g)
                                                        composting                               (cm)                          earthworms (g)

M.zapota	 12.33	 3.267	 1.067	 1415.00
Ailanthus sp.	 20.67	 5.133	 1.167	 1053.33
A.occidentale	 19.00	 4.000	 0.867	 1023.33
A.heterophyllus	 33.00	 4.267	 0.633	 1125.67
A. hirsutus	 30.67	 3.267	 1.333	 1347.00
A.indica	 13.33	 3.467	 0.300	 1059.00
Bombax sp.	 33.67	 2.733	 0.333	 1460.33
C.equisetifolia	 28.00	 4.133	 1.300	 1431.00
Coffea sp.	 15.67	 4.367	 0.500	 1346.67
E.indica	 46.00	 4.533	 1.767	 1374.33
G.sepium	 95.67	 4.400	 1.367	 1387.00
H.brasiliensis	 16.33	 4.833	 0.767	 1374.00
L.leucocephala	 13.33	 2.267	 0.300	 1379.33
M.indica	 15.33	 3.267	 1.200	 1377.33
P.guajava	 15.00	 1.133	 0.400	 1445.00
Swietenia sp.	 26.00	 0.600	 1.300	 1345.00
T.indica	 9.00	 2.667	 0.500	 1304.33
T. grandis	 21.67	 1.933	 1.067	 1343.33
T.populnea	 19.33	 1.333	 0.400	 1348.67
T. cacao	 6.67	 1.000	 0.567	 1379.67
Macaranga sp.	 11.67	 3.667	 0.200	 1445.33
Control (Banana pseudostem)	 37.33	 3.667	 0.800	 1369.00
CD (0.05)	 6.20	 2.71	 0.53	 61.42  
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is detailed in Table 1. Leaf loppings of all test trees 
except  A.heterophyllus, Bombax sp., E. indica and 
G. sepium significantly reduced worm multiplication 
(as indicated by total number of worms) when used 
as substrate for composting. Maximum inhibition 
was caused by T. cacao (82 %) followed by T.indi-
ca (76 %). Erythrina and Glyricidia leaf loppings 
caused significant increase in number of worms. 
The increase was about three times in the case of 
Glyricidia. As reported by Kale et al. (1982),worm 
growth, maturation, cocoon production and cocoon 
viability are affected by the substrate used. Except 
mahogany, all tree leaf loppings caused increase in 
length of worms, though not significant. It may be 
due to the alkaloids and other principal compounds 
present in these leaves that may affect the survival of 
earthworms (Nagavellamma et al. 2004).

Significant increase in weight of worms (more 
than double) was caused by Erythrina followed by 
Glyricidia, while only Macaranga leaf loppings 
caused significant reduction (75%) in weight of 
worms. Earthworm biomass and cocoon production 
rate was directly related to the type of earthworm 
species as well as nature of worm feedstuff. The 
growth of earthworm and reproduction rate are related 
to initial N content of the substrate while there was 
no clear effect of C:N ratio of the composted mate-
rial on earthworm cocoon numbers and weight gain 
(Suthar 2007a). The maximum biomass production 
and growth rate of earthworms were observed with 
vegetable waste- leaf litter mixture. According to 
Suthar and Ram (2008), better biomass and cocoon 
production rate in composting with earthworms could 
be related to the physio-chemical characteristics, pal-
atability and microbial composition of the substrate 
materials.

Final compost output was significantly reduced 
on using leaf loppings of Ailanthus, A.occidentale, 
A.heterophyllus,  A. indica and T.indica, of which 
maximum reduction was noticed in the case of A.oc-
cidentale (25.25%), followed by Ailanthus (23.06%). 
Leaf loppings of Bombax, P. guajava, Macaranga 
(5.58%) and Casuarina when used as composting 
material, resulted in significantly higher compost 
output than the control in which banana pseudostem 
was the substrate. It is inferred that tree leaf loppings 

of Bombax, Erythrina, Gliricidia and Casuarina does 
not adversely affect earthworms and results in good 
compost output. Earthworms can process organic 
material equivalent to their body weight with a con-
version rate of 40-50 % (Sinha et al. 2010, Edwards 
et al. 2011). They accelerate the decomposition 
of substrates and thereby, reduces the C:N ratio of 
composting material. The final N content is related 
to the quality of the substrate used for worm feed-
ingprocess (Ansari and Rajpersaud 2012). A similar 
report on interaction between quality of feed and 
earthworm growth efficiency was given by Aalok 
and Tripathi (2010). Variation in nutrient quality 
of the derived vermicompost was observed when 
leaf litters of different forest trees viz., Eucalyptus, 
Pinuxroxburghii, Populus deltoids, Shorea robusta, 
Parthenium hysterophorus were used as substrates. 
Daniel et al. (2010) observed that microbial and 
nutrient rich vermicompost was obtained with the 
leaves of G. sepum and L. leucocephala.

Effect of tree leaf leachates

With Ailanthus, Anacardium occidentale and C. equi-
setifolia leaf leachates, no earthworms were detected 
at the end of incubation period, but 95, 86 and 97% 
vermicompost output was noticed compared with 
the control (banana pseudostem compost) (Table 2). 
The composition of extracted leaf leachates (both in 
quantity and quality) vary considerably with particu-
lar plant species. Much variation in dissolved organic 
carbon, total organic carbon and total dissolved 
nitrogen and phosphorus content were noticed in the 
extracts obtained from coniferous and deciduous trees 
(Joly et al. 2016). The extent of exudation of leachates 
is determined by the quality of leaf epidermis and 
hypodermis (Don and Kalbitz 2005).

Only treatments with G. sepium, E.indica and 
A. indica leachates produced comparatively higher 
earthworm count at the end of composting. Except G. 
sepium, the earthworm mass was adversely affected 
by the application of leaf leachate spraying. In gen-
eral, there was a decline in the length of earthworms 
and was drastically reduced with H. brasiliensis and 
Bombax. The leaf litter quality affects the microbial 
growth and decomposition process (Dilly and Munch 
2001, Liu et al. 2010). Leaves are composed of or-
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Table 2. Effect of tree leaf leachates on earthworms and vermicompost output.

                                                                 Number of                          Length                           Weight                         Compost
Treatments                                             worms at the                     increment in                  increment in                   output (dry
                                                                   end of                            earthworms                   earthworms                    weight in g)
                                                                composting                            (cm)                              (g)

M. zapota	 8.67	 11.10	 1.10	 1110.67
Ailanthus sp.	 0.00	 0.00	 0.00	 1489.00
A.occidentale	 0.00	 0.00	 0.00	 1344.67
A.heterophyllus	 11.00	 5.53	 0.93	 1569.33
A. hirsutus	 15.00	 4.30	 1.50	 1401.33
A.indica	 22.00	 4.70	 1.17	 1506.33
Bombax sp.	 6.33	 2.93	 1.57	 1340.00
C. equisetifolia	 0.00	 0.00	 0.00	 1517.33
Coffea sp.	 8.67	 6.67	 1.03	 1533.67
E.indica	 21.00	 4.50	 1.17	 1424.00
G. sepium	 24.67	 4.43	 2.70	 1526.00
H. brasiliensis	 3.33	 1.93	 0.03	 1417.67
L.leucocephala	 3.67	 3.00	 0.00	 1518.00
M. indica	 5.67	 6.87	 1.23	 1490.00
P. guajava	 7.33	 6.93	 0.57	 1404.00
Swietenia sp.	 12.00	 7.53	 1.17	 1376.67
T.indica	 13.33	 7.20	 1.47	 1381.67
T.grandis	 11.00	 7.67	 1.70	 1324.00
T.populnea	 11.33	 7.93	 1.73	 1456.00
T. cacao	 10.00	 6.40	 1.57	 1460.67
Macaranga sp.	 10.33	 6.90	 1.40	 1499.33
Control (Banana pseudostem)	 32.33	 13.47	 3.27	 1557.00
CD (0.05)	 3.06	 2.61	 0.67	 94.55 

ganic materials like sugars, phenolics, hydrocarbons 
and glycerides which vary with the plant species 
(Swift et al. 1979). This variation in composition will 
definitely affects the quality of leachates produced 
and thus influences faunal growth and reproduction. 
According to Manzoni et al. (2012), the addition of 
particular leaf leachate may affect the physiology of 
associated microbial community. 

Leaf leachates of M.zapota, A .occidentale, 
A. hirsutus, Erythrina, H.brasiliensis, P.guajava, 
Swietenia sp.,T.indica, T.grandis, T.populnea and T. 
cacao resulted in significantly less compost output. 
Using sapota leaf leachate generated least compost 
output. It is inferred that exposing earthworms to tree 
leaf leachates adversely affects multiplication and 
growth of earthworms and a good biomass supporting 
medium may not be good medium for reproduction 
in earthworms (Chaudhuri and Bhattacharjee 2002).

CONCLUSION

Vermicompost production and growth of earthworms 

were found to be dependent on the quality of food-
stuff given. Nitrogen rich substrates like Glyricidia 
and Leucaena sp. produced comparatively higher 
compost output. The studies on role of leaf leachates 
in earthworm morphology is very meager. Hence, 
extensive studies have to be undertaken to know 
the actual chemical influence on these leachates on 
earthworm activity and resultant compost production. 
Further efforts might be carried out to exploit the full 
potential of euphorbiaceae species, Macaranga in 
vermicomposting. 

REFERENCES

Aalok A, Tripathi AK (2010) Composting- vermicomposting of 
different types of leaves using earthworm species Eisenia 
foetida. Dynamic Soil, Dynamic Pl  4 (1): 139-144.

Aira M, Monroy F, Dominguez J,  Mato S (2002) ‘How earthworm 
density affects microbial biomass and activity in pig manure’. 
Europ J Soil Biol 38:7–10.

Ansari A, Rajpersaud J (2012) Physico chemical changes during 
vermicomposting of water Hyacinth (Eichhornia crassipes) 
and  Grass  clippings. ISRN. https://org\10.5402\2012\	

         org/10.5402/2012/98478 3



1042

Chaudhuri PS, Bhattacharjee G (2002) Capacity of various exper
imental-diets to support biomass and reproduction of Perion-
yx excavatus. Biores Tech 82:147–150.

Chaudhuri PS, Pal TK, Bhattacharjee G, Dey SK (2000) Chemical
changes during vermicomposting (Perionyx excavatus)
of kitchen waste. Trop Ecol 41:107–110.

Chauhan HK, Singh K (2015) Potancy of vermiwash with ne-
em plant parts on the infestation of Eariasvittella (Fabricius) 
and productivity of okra (Abelmoschusesculentus) (L.) Mo-
ench. Asian J Res Pharm Sci 5(1):36–40.

Daniel T, Sivasankari B, Malathy M (2010) Microbial and nutrient 
enhancement of Gliricidia sepum and Leucaena leucocephala 
leaf materials using Eisenia fetida. Dynamic Soil, Dynamic 
Pl 4(1): 152-154.

Dilly O, Munch JC (2001) Shifts in physiological capabilities of 
the microbiota during the decomposition of leaf litter in 
black alder (Alnus glutinosa (Gaertn.) L.) forest. Soil Biol 
Biochem 33:921–930.

Don A, Kalbitz K (2005) Amounts and degradability of dissolved 
organic carbon from foliar litter at different decomposition 
stages. Soil Biol Bioche  37(12): 2171-2179.

Edwards CA, Burrows I (1988) The potential of earthworm com-
posts as plant growth media. In: Neuhauser CA (ed). Earth-
worms in environmental and waste management. SPB Aca-
demic Publisher,The Netherlands, pp 211–220.

Edwards CA, Subler S, Arancon N (2011) Quality criteria for
vermicomposts.In: Edwards CA, Arancon NQ, Sherman RL 
(eds).Vermiculture technology: earthworms, organic waste 
and environmental management. CRC Press, Boca Raton, 
pp 287–301.

Edwards CA (1998) ‘The use of earthworms in the breakdown and 
management of organic wastes’.  Earthworm Ecol St. Lucie 
Press Boca Raton, pp 327–351.

Gajalakshmi S,  Abassi SA (2004) Earthworms and vermicom-
posting. Ind J  Biotechnol 3 (4):486–494.

Gandhi M, Sangwan V, Kapoor KK , Dilbaghi N (1997) Compost-
ing of household wastes with and without earthworms. 
Environ Ecol 15(2):432–434.

Haimi J, Huhta V (1986) Capacity of various residues to support 
adequate earthworm biomass for vermicomposting. Biol 
Fertility Soils 2:23-27.

Joly F, Fromin N, Kiikkila O, Hattenschwiler S (2016) Diversity of 
leaf litter leachates from temperate forest trees and its con-
sequences for soil microbial activity. Biogeochem 1293: 
373-388.

Joseph PV (2019) Efficacy of Different Substrates on Vermi-
compost Production: A Biochemical Analysis DOI: http://
dx.doi.org/10.5772/intechopen.86187

Kale RD (2014) Earthworm biotechnology—source of sustain-
able agriculture. In: Chaudhuri PS, Singh SM (eds). Biology 
and ecology of tropical earthworms. Discovery Publishing 
House Pvt Ltd, New Delhi, pp 185–194.

Kale RD, Bano K, Krishnamoorthy RV (1982) Potential of Peri-
onyx excavatus for utilizing organic wastes. Pedobiologia 
(Jena) 23: 419-425.

Kaur T (2020) Vermicomposting: An Effective Option for 
Recycling Organic Wastes DOI: http://dx.doi.org/10.5772/
intechopen.91892

Liu Y, Wang S, Wang Q, Zhang J (2010) Effects of mixed-species 
leaf litter on litter decomposition and soil microbial commu-
nities in experimental subtropical plantation forest. J Food 
Agric Environ 8 (3&4):1102–1107.

Manzoni S, Taylor P, Richter A et al. (2012) Environmental and 
stoichiometric controls on microbial carbon use efficiency 
in soils. New Phytol 196: 9-91.

Nagavallemma KP, Wani SP, Stephane Lacroix, Padmaja VV, 
Vineela C, Babu Rao M, Sahrawat KL (2004) Vermicom-
posting: Recycling wastes into valuable organic fertilizer. 
Global Theme on Agrecosystems Report no. 8. Patancheru 
502324, Andhra Pradesh, India: International Crops Re-
search Institute for the Semi-Arid Tropics, pp 20.

Orozco SH, Cegarra J, Trujjillo L, Roig A (1996) Vermicompost-
ing of coffee pulp using the earthworm Eisenia  fetida: effects 
on C and N contents and the availability of nutrients. Biol
Ferti Soil 22:162–166.

Pattnaik S, Reddy MV (2010) Nutrient status of vermicompost of 
urban green waste processed by three Earthworm species—
Eisenia fetida, Eudrilus eugeniae and Perionyx excavates.
Appl Environ Soil Sci Article ID 967526:1-13.
doi:10.1155/2010/967526

Ramnarain YI, Ansari AA, Ori L (2019) Vermicomposting of differ-
ent organic materials using the epigeic earthworm Eisenia 	

         foetida. Int J Recycling Organic Waste in Agric 8:23–36.
Rautela I, Rathore S, Chauhan P, Tapliyal P, Sharma MD (2019)

Vermicompost is boon to enrichment of micronutrient content 
in soil. World J Pharmac Res 8 (7): 2309-2318.

Sinha K, Valani D, Soni B, Chandran V (2011) Earthworm ver-
micompost: A sustainable alternative to chemical fertilizers 
for organicfarming. Agriculture issues and policies. Nova 
Science Publishers Inc, New York, pp 71.

Sinha R, Agarwal S, Chauhan K, Chandran V, Soni B (2010) 
Vermiculturetechnology: Reviving the dreams of Sir Charles 
Darwinfor scientific use of earthworms in sustainable de-
velopment programs. Technol Invest 1(3):155–172. https ://
doi.org/10.4236/ti.2010.13019

Suthar S (2009) Bioremediation of agricultural wastes through
vermicomposting. Bioremed J 13(1):21–28. https ://doi. 
org/10.1080/10889 86080 26905 13

Suthar S (2007a) Vermicomposting potential of Perionyx san
sibaricus (Perrier) in different waste materials. Biores Tech 
98: 1231–1237.

Suthar S (2007b) Nutrient changes and biodynamics of epigeic
earthworm Perionyx excavates (Perrier) during recycling of 
some agricultural wastes.Biores Tech98:1608–1614.

Suthar S, Ram S (2008) Does substrate quality affect earthworm 
growth andreproduction patterns in vermicomposting sys-
tems?A study using three popular composting earthworms.
Int J Environ Waste Manage 2(6): 584-600.

Swift MJ, Heal OW, Anderson JM (1979) Decomposition in 
terrestrial ecosystems. In: Anderson DJ, Greig-smith P, 
Pitelka FA (eds) Studies in ecology, vol 5. University of 
California Press, Berkeley, pp 167–219.

Tara C(2003) Vermicomposting. Development Alternatives (DA) 
Sustainable Livelihoods. (http://www.dainet.org/livelihoods/
default.htm) 


