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Abstract

In what is arguably the first-ever report of its kind, we describe the use of the pernicious aquatic 
weed salvinia (Salvinia molesta) in generating vermicompost.  The epigeic earthworms Eudrilus 
eugeniae and Eisenia fetida were separately used for the purpose in vermireactors which were 
operated in batch and continuous mode. The experimental protocol involves removing and quantifies 
the vermicast formed at the end of each 15-day run.  In place of the vermicast an equivalent amount 
of feed (salvinia) was added to the continuous reactor each time.  If any juveniles or cocoons had 
been formed, they were removed so that the number of animals initially kept didn’t change.  In this 
manner the reactors were operated for 9 months.   
It was seen that the rate of vermicomposting, as indicated by the fraction of feed converted to 
vermicompost per fortnight was initially low (about 8 and 12% in the first run of E. eugeniae 
followed by 7% with E. fetida in reactor with both continuous and batch mode) but it increased 
steadily with time till it touched about 38% by E. eugeniae and 31.5% by E. fetida in the 18th run 
(i.e after 270 days of operation). The E. eugeniae was by far the efficient producer of vermicasts, 
followed by the other epigeic E. fetida. Likewise continuous reactor performed better compared 
to batch mode.  The worm zoomass and fecundity (as reflected in the production of juveniles and 
cocoons) also increased.  Evidently, with time, the earthworms got adapted to the feed. 
The studies establish the suitability of salvinia as a feedstock for generating vermicompost.
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INTRODUCTION 

Salvinia molesta (Mitchell) is a free-floating aquatic 
weed, which has colonised several parts of the world, 
notably Africa (Mitchell, 1969 and Mitchell, 1970), 
India (Cook and Gut, 1971; Thomas, 1976 and Thomas, 
1981), Australia (Finlayson, et al., 1982), Ceylon 

(Williams, 1956), and Papua New Guinea (Mitchell, 
D.S., 1979 and Mitchell et al., 1980). The plant has a 
very high growth rate (Mitchell, 1970; Gaudet, 1973 
and Abbasi and Nipaney, 1982) and, in this respect 
and in terms of adaptability and competitiveness, this 
weed appears to have an edge over water hyacinth 
(Eichhornia crassipes Mart) which is regarded the 
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world’s most problematic weed (Mitchell, 1970 and 
Gupta, 1979). 

Several concerted attempts for the destruction of 
this weed through chemical methods (George, 1956, 
Mani et al., 1976, Room et al., 1981 and Patnaik, 
1972), mechanical methods (Gupta, 1979 and Gaudet, 
1976), and biological methods (Thomas, 1976, Room 
et al., 1981, National Science Research Council, 1974, 
Thomas, 1975 and National Academy of Sciences, 
1976), have been fruitless. Attempts to find ways and 
means of utilizing the weed have also met with little 
success became the weed isn’t palatable to animals, 
it contain no medicinals or other chemicals worth 
extraction, and has had no other redeeming feature 
manifested so far. 

The free-floating water fern indigenous to South 
America, is currently recognized as the world’s most 
intransigent weeds (Russell, 1987) mainly because 
of its propensity to grow very rapidly at the expense 
of other weeds, even water hyacinth (Eichhornia 
crassipes, Mart). The aquatic weeds, especially 
Salvinia, azolla, hydrilla and Cyperus are highly 
productive, and can easily attain biomass yields of 10 
dry t ha-1 year-1, or more (Reddy and DeBusk, 1985). 
It is difficult to control or destroy the weeds through 
chemical or biological agents owing to the high costs 
and environmental backlash (Abbasi and Nipaney, 
1986; Abbasi et al., 1988). Periodical harvesting and 
utilization is apparently the best strategy for keeping 
the weeds under control, and amongst the various 
utilization option, vermicomposting is one.  

Vermicomposting is the only pollution control 
bioprocess which has a multicellular animal as the 
main bioagent (Abbasi et al., 2009). Reports by several 
authors (Gajalakshmi and Abbasi, 2002; Gajalakshmi 
and Abbasi, 2004a & b; Gajalakshmi et al., 2005; 
Sankar Ganesh et al., 2009 and Tognetti, 2011) and have 
confirmed what was a widespread belief thus far—that 
vermicompost is a better and even has an edge over 
synthetic chemical fertilizers. The latter attribute may 
be due to the growth-stimulating hormones and enzymes 
secreted by the earthworms in their vermicast (Abbasi 
et al., 2005). These findings are expected to further 
stimulate interest in vermicomposting and an attempt 
has been made to provide an appropriate technology 
to diminish the current status of serious aquatic weed 
problems. In the present study, an attempt has been 

made to process salvinia by vermicomposting (Abbasi 
et al., 2009). The objectives of the present study are 1) to 
assess the performance and efficiency of vermireactors 
operated in two modes: batch and continuous in 
vermicomposting an aquatic weed, Salvinia  2) to 
compare the performance of two earthworm species E. 
eugeniae and E. fetida in vermicomposting of salvinia, 
in terms of vermicast production, change in zoomass 
and reproduction. 

Experimental

The epigeic Eudrilus eugeniae (Kinberg) is a manure 
worm which has been extensively used in North 
America and Europe for vermicomposting because 
of its voracious appetite, high rate of growth, and 
reproductive ability. A few years back it was brought 
to India and has been favoured with progressively 
increasing application in the vermicomposting of 
animal manure and other forms of biomass (Ashok 
Kumar, 1994; Ismail, 1998). 

Eisenia fetida (Savigny) is also classified as 
epigeic or humus feeder earthworm (Ismail, 1997; 
Gajalakshmi et al, 2001). It has a greater potential as 
waste decomposers and prolific feeders. It can feed 
upon a wide variety of degradable organic wastes. It 
has a wider tolerance for temperature than E.eugeniae, 
which allows the species to be cultivated in areas with 
high temperature. E.fetida is probably the species best 
suited for vermicomposting throughout the country 
(Gajalakshmi and Abbasi, 2004).

Vermicomposting

Circular, 5l plastic containers (dia. 16 cm, depth 5 cm) 
were used as vermireactors. Healthy, adult E. eugeniae 
and E. fetida earthworms were randomly picked for use 
in vermireactors from the cultures maintained in the lab 
as cow dung as feed. Each vermireactor was operated 
with earthworm density of 50/litre of reactor. Over it 1 
kg (dry weight basis) of Salvinia molesta was spread. 
A double layer of water–saturated jute cloth was used 
as bedding in the vermireactor. All the vermireactors 
were maintained in an identical environment with 
respect to temperature and moisture. Separate sets 
were operated in batch and continuous modes. In each 
set a pair of reactors with everything the same as batch 
and continuous reactors, but without earthworms was 
operated as control.
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Reactors operated in batch mode

The vermireactors operated in batch mode were 
disbanded once in every 15 days, to assess vermicast 
production, cocoon, hatchling and mortality. The parent 
worms were picked, counted to check if there was 
any mortality, washed and blotted dry for weighing, 
and then immediately put back in the reactors which 
were restarted with remaining feed. The juveniles, 
if any, generated in the previous run, were separated 
and the 250 worms, with which the reactors had been 
started, were weighed and reintroduced. If there was 
any mortality, the required numbers of new adult 
earthworms were introduced to maintain the same 
number of worms.

Reactors operated in continuous mode

In continuous mode of reactor, the protocol followed 
was the same as batch reactor, but each and every 
run was restarted with left over substrate (salvinia) as 
feed from the previous run. Also the feed from control 
reactor (it keeps the feed from the time of started reactor 
and would provide continuously to the continuous 
reactor) equivalent to amount of vermicast (dry weight) 
harvested from the previous run was added as feed. 

In batch mode reactor, when all the feed was 
consumed or very low feed was left, the reactor was 
started with fresh feed.

Results and Discussion 

In reactors with E. eugeniae, the vermicast recovery 
as the fraction of the feed mass was less (8.3 and 8 %) 
during the first two runs of reactor operation, indicating 
that the earthworms, which had been cultured with 
cowdung as the principal feed, took some time to 
acclimatize with the change over to salvinia feed. 
There was slow increase in vermicast output in the 
next runs. At the end of the fifth run, vermicast output 
of 12.6% was recorded. In subsequent runs there was 
slow increase in vermicast up to ninth run. 

From run tenth to run eighteenth, the reactor 
output was following a steady increase; the maximum 
vermicast output of 38% was recorded in the 18th run. 

The reactor with E. fetida also followed the same 
trend like E. eugeniae, a maximum output of 34% was 
recorded in the 18th run. 

Figure 10.1: Vermicast recovery, %, as a function 
of time in reactors operated in continuous and batch 

mode with S. molesta as feed with the earthworm 
species (a) E. eugeniae (b) E. fetida

The vermicast output of batch reactors with E. eugeniae 
and E. fetida had shown the same trend. In all batch 
reactors in most of the runs, the vermicast output was 
high when the substrate turned older. The maximum 
vermicast output in reactor with E. eugeniae was 17% 
in 17th run and with E. fetida was 19% in the 17th run.

The average change in worm zoomass in each run 
was recorded. In reactors with E. eugeniae (continuous 
and batch mode) (Figure 10.2a), there was increase in 
zoomass in every run except 4th, 5th, 7th, 8th  and 9th in 
batch and 6th and 9th  run in continuous reactors.
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Figure 10.2 :  Change in zoomass in reactors with S. 
molesta as feed with the earthworm species  

(a) E. eugeniae  

(b) E. fetida

The minimum average change in zoomass was observed 
in 11th run (1.2%) and the maximum average zoomass 
was recorded in the continuous reactor in the 17th run 
(7.8%). The increase in zoomass clearly shows that the 
substrate is palatable to the worms.

The reactors with E. fetida also exhibited positive 
change in worm zoomass. The maximum average 
worm zoomass was recorded in the 2nd run (5.8%) of 
continuous and minimum zoomass in 10th run (0.6%) 
of batch reactor. The increase in zoomass was more 
in continuous reactors revealing that the continuous 
reactor performed a step better than batch reactors.

There was an increase in the number of juveniles 
and cocoons in all the runs of reactor.

In reactor with E. eugeniae operated in continuous 
mode, though there was increase in zoomass, 13 and 
15% mortality was recorded in the 7th and 8th run 
respectively. In the batch reactor the mortality was 
15% in the 9th run.

There was very little mortality in reactors with 
E. fetida operated in batch mode (2.4% in fourth 
run) only. There was no mortality in reactors 
operated in continuous mode. E. fetida proved 
themselves as tolerant species than E. eugeniae while 
vermicomposting salvinia. 

Table 1
Reproduction Rate of Earthworms in Reactors Operated with S. Molesta

Runs 
(each 15 days)

E. eugeniae E. fetida
Continuous Batch Continuous Batch

Juveniles Cocoons Juveniles Cocoons Juveniles Cocoons Juveniles Cocoons
1 17 28 18 25 8 13 11 17
2 15 31 14 26 14 22 12 18
3 18 22 11 15 15 18 4 7
4 16 25 5 12 11 14 4 7
5 12 23 7 15 6 11 6 14
6 5 11 9 13 7 7 4 14
7 7 7 11 8 5 11 9 18
8 8 12 13 5 12 8 7 12
9 6 10 2 9 15 9 5 11
10 18 11 9 12 9 18 13 15
11 12 17 8 11 7 12 9 13
12 18 22 9 15 5 9 6 11
13 16 17 4 9 12 17 13 15
14 18 21 7 12 14 19 9 11
15 25 31 12 18 16 21 11 15
16 19 22 14 17 18 23 13 18
17 21 26 15 19 21 25 11 12
18 23 27 18 21 23 27 15 15
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CONCLUSION

In terms of efficiency of the reactors operated i) 
in continuous and batch mode, the continuous 
reactors performed better than batch mode with 
both species.  
Between the two species, ii) E. eugeniae is better 
performer than E. fetida in terms of vermicast 
production, reproduction and gain in zoomass. 
The earthworms did not prefer fresh feed and iii) 
accepted it as a diet only when salvinia became 
older.

REFERENCES

Abbasi, S. A. and Nipaney, P. C., 1986. Infestation 1. 
of the fern genus Salvinia: its status and control. 
Environmental Conservation, 13, 235-41.
Abbasi, S.A. and Nipaney, P.C., 1982. Tolerance 2. 
and Growth of Salvinia on Waters Treated with 
Trace Elements. Basic Data Report No. WQE/ 
BD-8/82, CWRDM, Calicut, p. 47.
Abbasi, S. A., 1988. Environmental analysis of 3. 
cerium. Inter. J. Environ. Anal. Chem., 34, 181 90.
Ashok Kumar, C., 1994. State of the Art Report on 4. 
Vermiculture in India, Council for Advancement of 
Peoples Action and Rural. Technology (CAPART), 
New Delhi, pp. 60.
Cook, C.D.K. and Gut, B.J., 1971. 5. Saluinia in the 
state of Kerala, India. Pestic. Abstr., 17: 438-447.
Finlayson, C.M., Farrell, T.P. and Griffiths, D.J., 6. 
1982. Treatment of Sewage Effluent Using the 
Water Fern Sduinia. Water Research Foundation 
of Australia, Report No. 57, p. 35.
Gajalakshmi, S. and  Abbasi, S.A., 2002. Effect 7. 
of the application of water hyacinth compost/
vermicompost on the growth and flowering 
of Crossandra undulaefolia, and on several 
vegetablesBioresour. Technol. 85,197–199.
Gajalakshmi, S., Abbasi, S.A., 2004a. Neem 8. 
leaves as a source of fertilizer-cum-pesticide 
vermicompostBioresour. Technol. 92, 291–296.
Gajalakshmi, S., Abbasi, S.A., 2004b. Earthworms 9. 
and vermicomposting, Indian J. Biotechnol, Vol 3, 
PP 486-494. 

Gajalakshmi, S., Ramasamy, E.V., Abbasi, S.A., 10. 
2001. Potential of two epigeic and two anecic 
earthworm species in vermicomposting water 
hyacinth. Bioresource Technology 76, 177–181.
Gajalakshmi, S., Sankar Ganesh, P., and Abbasi, 11. 
S.A., 2005. A highly cost-effective simplification 
in the design of fast-paced vermireactors based 
on epigeic earthworms. Biochemical Engineering 
Journal 22, 111–116. 
Gaudet, J.J., 1973. Growth of a floating aquatic 12. 
weed, Salvinia, under standard conditions. 
Hydrobiologia, 41: 77-106.
Gaudet, J.J., 1976. 13. Salvinia infestations on Lake 
Naivasha in East Africa (Kenya). In: C.K. Varshney 
and J. Rzoska (Eds.), Aquatic Weeds in South 
East Asia. Publ. Dr. W. Junk B.V., The Hague,  
pp.193-209.
George K., 1956. Destruction of 14. Suluiniu through 
herbicides. Trans. Bose Res. Inst. Calcutta,  
21: l-10.
Gupta, O.P. (Ed.), 1979. Aquatic Weeds: their 15. 
Menace and Control - A Textbook and Manual. 
Today and Tomorrow’s Printers and Publ., New 
Delhi, p. 272.
Ismail, S.A., 1997. Vermicology: The Biology of 16. 
Earthworms, Orient Longman, Hyderabad, 90.
Ismail, S.A., 1998. The contribution of soil 17. 
fauna especially the earthworms to soil fertility. 
In: Proceedings of the Workshop on Organic 
Farming, Institute of Research in Soil Biology and 
Biotechnology, The New College, Chennai, pp. 9.
Mani, VS., Gautam, K.C. and Kulshreshtha, G., 18. 
1976. Progress of aquatic weed control in India and 
suggestions for further research. In: C.K. Varshney 
and J. Rzoska (Eds.), Aquatic Weeds in South 
East Asia. Publ. Dr. W. Junk B.V., The Hauge,  
pp. 224-233.
Mitchell, D.S., 1969. The ecology of vascular 19. 
hydrophytes of Lake Kariba. Hydrobiologia, 34: 
448-464.
Mitchell, D.S., 1970. Autoecological studies 20. 
of Saluiniu auriculata Aublet. Ph.D. Thesis, 
University of London, p. 669.
Mitchell, D.S., 1979. Aquatic weeds in Papua New 21. 
Guinea. Science New Guinea, 6: 154-160.



T. Ganeshkumar et al. / St. Joseph’s Journal of Humanities and Science (Volume 4 Issue 1 January 2017) 58-63 63

Mitchell, D.S., Petr., T. and Viner, A.B., 1980. The 22. 
water fern SaZvinia molesta in the Sepik river, 
Papua New Guinea. Environ. Conserv., 7: 115-
122.
National Academy of Sciences, 1976. Making 23. 
Aquatic Weeds Useful: Some Perspective for 
Developing Countries. Report on an ad-hoc 
panel of the advisory committee on technology 
innovation, Board on Science and Technology 
for International Development, Commission on 
International Relations, Washington, DC, p. 175.
National Science Research Council, 1974. An 24. 
International Centre for Manatee Research. 
Report of a Workshop held February 7-13, 1974, 
Georgetown, Guyana, p. 34.
Patnaik, S., 1972. Observations on control of 25. Pistiu 
strutiotes in fish ponds by gramoxone. Proc. Indian 
Acad. Sci., Sect. B, 75: 22.
Room, P.M., Harley, K.L.S., Forno, T.V. and Sands, 26. 
D.P.a., 1981. Successful biological control of the 
floating weed Suluinia. Nature, 294: 78-80.
Sankar Ganesh, P., Gajalakshmi, S., and  Abbasi, 27. 
S.A., 2009.Vermicomposting of the leaf litter of 
acacia (Acacia auriculiformis): Possible roles 
of reactor geometry, polyphenols, and lignin. 
Bioresource Technology 100, 1819–1827.

Tasneem, A., Gajalakshmi, S., and Abbasi., 2009. 28. 
Towards modeling and design of vermicomposting 
systems: Mechanisms composting/
vermicomposting and their implications. Indian 
Journal of Biotechnology. Vol8, PP 177-182.
Thomas, K.J., 1975. Biological control of 29. Suluiniu 
by the snail PiEa globosu SW. Biol. J. Linn. Sot., 
7: 243-247.
Thomas, K.J., 1976. Observations on the aquatic 30. 
vegetation of Trivandrum, Kerala. In: C.K. 
Varshney, and J. Rzoska, (Eds.), Aquatic Weeds 
in South East Asia. Publ. Dr. W. Junk B.V., The 
Hague, pp. 99-102.
Thomas, K.J., 1981. The role of aquatic weeds 31. 
in changing the pattern of ecosystem in Kerala. 
Environ. Conserv., 8: 63-66.
Tognetti, C., Mazzarino,M.J., Laos, F., 2011. 32. 
Comprehensive quality assessment of municipal 
organic waste composts produced by different 
preparation methods. Waste Management 31, 
1146–1152.
Williams, R.H., 1956. 33. Saluinia auriculata Aublet: 
the chemical eradication of a serious aquatic weed 
in Ceylon. Trop. Agric. (Trinidad), 33: 145-157.


