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Abstract 
An exotic earthworm, Eudrilus eugeniae (Kinberg), was used to prepare coirpith based compost. This 
vermicomposted coirpith was amended with alkaline soil from an industrial site and compared with 
coirpith composted with EM (effective microorganisms) as a growth medium for the medicinal plant, 
Andrographis paniculata (Burm.f.) wall.ex.Nees, in field plots. Significant plant growth was attained when 
the same compost was amended with garden soil. The present results suggest vermicomposted coirpith 
could be helpful for the reclamation of soils from industrial sites for the cultivation of A. paniculata in a 
small scale nursery. 
Keywords: Soil reclamation, EMC treatment, vermicomposting, biodegradation, coirpith, medicinal plant, 
growth physiology. 
 
Introduction 
Coirpith is the name given to the short fibbers and dusts left behind after the industrially valuable long 
fibre of coir has been extracted from the coconut husk. It is a fluffy, spongy material with significant water 
holding capacity, and is extremely compressible. In India, an estimated 7.5 million tonnes of coirpith are 
produced per annum. The coirpith thus produced decomposes very slowly in the soil as its pentosan-
lignin ratio is below 0.5, and because of the chemical and structural complexity of its lignin-cellulose 
complex (Ramalingam et al. 2005). Moreover, plant cell-wall lignin is generally synthesized by 
polymerization of coniferyl, sinapyl and p-coumaryl alcohols to produce large molecules of indefinite size 
in which aromatic monomers are linked by a variety of chemical bonds. This structural feature has 
important implications for effective biodegradation by microorganisms (Crawford and Crawford 1976, 
McCarthy et al. 1984). Microbial biodegradation of this waste is generally considered to be a safe, 
effective and environmentally friendly process, and certain mushrooms have showed good potentials for 
degrading coirpith. For example, Polyporus versicolor (Crawford and Crawford 1976), Pleurotus sajor-caju 
(Bisaria et al. 1987) and Pleurotus spp. (Lovie 1988) have been found to be effective in lignin and 
cellulose degradation, particularly from the straw of rice and cotton. Recently, the mushroom, Hypsizygus 
ulmarius (Bull:Fr) Redh, has been compared with earthworms for its potential to biodegrade coirpith 
(Vinodhini et al. 2005). Certain species of earthworms have been used to enhance the process of coirpith 
and paddy waste decomposition and so produce a better end-product (Ramalingam et al. 2004). The 
above two approaches are currently widely used to decompose organic substrates (Baskaran and 
Saravanan 1997).   
 
Decomposition of various organic substrates (kitchen waste, agro-residues, institutional and industrial 
wastes including textile industry sludge and fibbers) into valuable vermicompost has been extensively 
studied using an exotic earthworm species (epigeic-Eisenia foetida) (Ndegwa and Thompson 2001, Garg 
et al. 2006, Nair et al. 2006). Tests have also been conducted combining thermo-composting and 
vermicomposting to improve efficiency and compost quality (Manna et al. 1996; 2003, Nair et al. 2006). 
Khaliq et al. (2006) advocate the integrated use of organic and inorganic nutrient sources with effective 
microorganisms  (EM)  for  improving  cotton  yield.  The  effects  of  earthworm-processed sheep-manure 
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(vermicompost) on the growth, productivity and chemical characteristics of soybean straw (Glycine max L. 
Merril.), wheat straw (Triticum aestivum L.), maize stover (Zea mays L.), chickpea straw (Cicer arietinum 
L.), city garbage (Manna et al. 1996) and greenhouse tomatoes (Lycopersicum esculentum OTOR) 
(Federico et al. 2007) has also been studied. Earthworm species such as Eudrilus eugineae OTOR are 
voracious feeders of organic wastes, and their presence has been found to reduce the time required for 
composting (Prabha et al. 2007). Therefore, in our study we used E. eugeniae in the composting of 
coirpith. The resultant bio-compost was tested as a growth promoter for the medicinal plant Andrographis 
paniculata OTOR, and also for reclamation of barren soil for use in the production of this plant (Coon and 
Ernst 2004). Because of its anti-venom properties A. paniculata is traditionally used as a medicine for 
snake poisons in India (http://andrographis-paniculata.101herbs.com/). 
 
Materials and Methods 
Composting process 

Coirpith was collected from an organic farm at Udumalpet, Tamilnadu, India. An ‘Effective Microorganism’ 
(EM) culture was obtained from Selvaraj Organic farm, Udumalpet, Tamilnadu, India. This culture was 
inoculated into a medium containing 3 kg of jiggery (raw sugar) dissolved in 17 l of water and kept 
undisturbed for 15 days for fermentation. This fermented medium containing the EM was sprinkled on the 
coirpith, which was then incubated for 30 days, to make the resultant compost a more suitable substrate 
for the earthworms. The earthworms were cultured in plastic trays (45 x 30 x 30 cm) containing soil and 
2.5 kg cattle dung, and that had been left for 45 days. Twenty exotic earthworms, Eudrilus eugeniae 
(Kinberg), were added to the composting coirpith, which was left for 45 days. New layers of waste were 
applied to the beds on a regular basis; the earthworms moved upwards into the fresh waste to feed 
(process the material). The bedding was kept moist through-out the experiment by regular watering. 
Earthworm numbers increased as more waste was applied, until a limiting density was reached. Fungal 
species present in the coirpith before and after treatment were morphologically identified according to 
Kannan (1996) using Potato/dextrose agar. Wet mounts of fungi isolated from the treatments, with a drop 
of lactophenol cotton blue were identified to genus using 10 and 40x magnification microscopy. 
 
Field experiment          
Three treatments (fresh coirpith, EC-treated coirpith and vermicomposted coirpith) were compared with a 
control (fresh garden soil). The vermicomposted coirpith was amended with barren soil (collected soil 
from a waste disposal site) in 1:10 ratio in the field and mixed together thoroughly, and then placed in a 
field plot (3 x 3 m). The barren soil was salt affected alkaline wasteland (pH 10.4) that had been left 
uncultivated for many years. In this region where the soil had been cultivated, coconut plantations had 
been established. Our aim was to use the compost to reduce the alkalinity and improve the fertility of this 
soil. The medicinal plant Andrographis paniculata (Burm.f.) wall.ex.Nees was planted (young plants, 
vegetative growth) in field plots containing either barren or garden soil. All treatments were carried out in 
triplicates. After 30 days, measurements were made of shoot and root length, and leaf water extracts of 
carbohydrate (Lee and Tournsean 1958), protein (Lowry et al. 1951), and chlorophyll (Arnon 1949). 
Acetone extracts of the leaves were qualitatively analysed for the main active principles (phenols, 
alkaloids and tannins etc.), using the Harborne method (1973). 
 
Constituent analysis of coirpith and soil 
The lignin, cellulose and organic carbon content of the dried coirpith were measured using the methods of 
Zadrazil and Brunnert (1980), Updegraff (1969) and Walkley and Black (1934), respectively. Phenol and 
reducing sugars in coirpith were estimated by the Folin-ciocalteu method (Brag and Thorpe 1954) and the 
DNSA (dinitro salicyclic acid) reagent (Miller 1972) method, respectively. Kjeldahl’s method (Vogel 1961) 
was used to determine total nitrogen content of the coirpith. Physiochemical characteristics of the barren 
and garden soils (pH, electrical conductivity, texture, Ca, N, P and K) were analysed according to Santhi 
et al. (2003), and are shown in Table 1. The barren soil was light brown in colour, with low porosity. 
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Results and Discussion  
The effects of the EC culture and earthworm treatments on biodegradation of organic constituents in 
coirpith waste after 45 days are provided in Table 1. 
 
Table 1. Effects of the EC culture and vermicomposting on biodegradation of organic constituents in coirpith (after 45 
days) 

____________________________________________________________________________ 
Organic component         Untreated        EM treatment                Vermicomposting 
             coirpith          
____________________________________________________________________________ 
Lignin (%)   28.4   22.9   17.3 
Cellulose (%)   23.7   17.2   13.6 
Phenol (ug/g)   6.40   4.75   2.60 
Reducing sugars (mg/g)  0.0045                0.0036   0.0028 
Carbon (%)   28.3   23.4   13.5 
Nitrogen (%)   0.48   0.52   0.90 
Protein (%)   3.0   3.25   5.62 
C:N ratio   58   45   15 
____________________________________________________________________________ 

 
Lignin and cellulose contents of fresh coirpith were 28.4% and 23.7% respectively. Lignin content 
decreased from 28.4% to 22.7% when composted with the EM culture, and to 17.3% with earthworms. 
Cellulose content decreased to 17.2% and 13.63% with the EM culture and earthworms respectively. 
Vermicomposting was clearly superior to the EC treatment.  
The reduction in C:N ratio resulted from the decomposers using the carbon compounds as their energy 
source. This process has been found to be enhanced by the addition of cow dung (Dash and Patra 1977) 
and paddy straw (Ramalingam et al. 2004). Phenol was reduced more in the vermicomposted coirpith 
(2.60 mg/gm) than in the EM treatment (4.75 mg/gm). Similar findings were recorded for the reducing 
sugars.  Reducing sugars content in Sapota (a fruit plant) grown in nitrogen, phosphorus plus farm yard 
manure have also been recorded by Gawande et al. (1998). 
Composting with earthworms promotes microbial populations by means of both intestinal and vermicast 
mechanisms. In the process of feeding, earthworms fragment the substrate, thereby increasing its surface 
area for further microbial colonization (Chan and Griffiths 1988). Cellulolytic fungal genera isolated from 
the compost included Trichoderma, Aspergillus, Mucor, Penicillium, Cladasporium, and Rhizoctonia. 
 
The garden soil was slightly alkaline (pH 8.7), and the barren soil highly alkaline (pH 10.4) (Table 2).  
 

Table 2. Physiochemical characteristics of soils used in the study 

_____________________________________________________________ 
  Properties          Garden soil                       Barren soil 

_____________________________________________________________ 
pH     8.7   10.4 

                             Electrical conductivity (dsm-1)         0.11       4.05 
          Texture    Sandy clay loam  Sandy clay loam 

                             Sodium (kg/ha)    193      50 
Total phosphorus (kg/ha)  95   19.2 

                             Potassium (kg/ha)      52      53 
_____________________________________________________________ 

 
At such an alkaline pH, the test plant A. paniculata could not survive in this barren soil, but when 
amended with composted coirpith, the plant grew to a medium height. Maximum plant growth (shoot 
length 46 cm; root length 26 cm), carbohydrate, protein and chlorophyll were achieved in amended 
garden soil (Table 3).  
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Table 3. Effect of vermicompost on the growth physiology of Andrographis paniculata after 30 days  

_____________________________________________________________________________ 
            Soil      Carbohydrate   Protein       Chlorophyll a   Chlorophyll b       Shoot          Root 

Treatment   (mg/g) (mg/g)            (mg/g)             (mg/g)            (cm)      (cm) 
_____________________________________________________________________________ 
I    0.52  0.15  1.13  0.10  27        16 
II    0.68  0.20   1.21  0.12  34        22 
III    0.94  0.28  1.34  0.14  46        26 
_____________________________________________________________________________ 

(Treatment I: Barren soil + Compost; Treatment II: Garden soil (control);  Treatment III: Garden soil + 
Compost) 

 
The plant Vetiveria zizanioides has also been successfully used for barren wetland soil reclamation, 
because of its ability to reduce the total Na+, and increase organic C and inorganic N (Vimala and Kataria 
2004). Toxic heavy metals from industrial waste waters have been successfully removed by adsorption 
onto coirpith carbon (Kadirvelu et al. 2001). The use of bio-compost to counteract the alkalinity is 
nowadays gaining importance for reclaiming alkaline salt-affected wastelands. 
Coirpith amendments have been found to increase tomato yield by improving soil pore space, water 
holding capacity, and nitrogen content (Baskaran and Saravanan 1997). In phytochemical studies of A. 
paniculata we found that water soluble alkaloids, saponin and tannin were absent in plants grown in 
barren soil amended with composted coirpith, whereas they were present in garden soil both with and 
without compost (Table 4). 
 

Table  4. Effect of composted coirpith on active principles in leaves of Andrographis  paniculata. 

 
Solvent 

Water 
extract 

Ethanol 
extract 

Petroleum 
ether extract 

Active principles 

S1 S2 S3 S1 S2 S3 S1 S2 S4 

Alkaloids - + + + + + + + + 

Flavanoids + + + + + + + + + 

Tannin - + + + + + + + + 

Glycoside + + + + + + + + + 

Saponin - + + + + + + + + 

 

 

 

 
 
 
 
 
 

(+ and – denote the presence and absence of the above active principles, respectively) 

(S1:  Barren soil + Coirpith; S2: Garden soil; S3: Garden soil + Coirpith) 

 

This shows that the alkalinity of the soil has destroyed the water soluble alkaloids, tannin and saponin of 
the plant. Ethanol and ether extracts of alkaloids, flavanoids, tannins, glycosides and saponin were 
present in the leaves of A. paniculata grown in all treatments. These secondary metabolites have been 
linked to the medicinal properties (active components) of many plants. 

 

Conclusions 
Urea is often added to organic wastes as a nitrogen source for the microorganisms involved in 
composting. Vemicomposting coirpith provides a good alternative to this. It avoids pollution, improves 
health and hygiene, and water holding capacity and fertility. Our success with vermicomposted coirpith on 
the growth physiology of A. paniculata in barren soil suggests that this compost can be used in the 
reclamation of such soils for the production of medicinal plants, and possibly other crops. Hopefully this 
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information will encourage small scale producers interested in growing this plant to do so organically, and 
in economically, and environmentally friendly ways.   
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