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A 15 day precomposted biomass of Parthenium hysterophorus in combination with
cow dung (1:1, wt./wt.) was vermicomposted along with biochar amendment at
different concentrations (0, 2, 4, 6 and 8%) using the earthworm, Eudrilus eugeniae
for 50 days. The change of physicochemical parameters such as pH, electrical
conductance (EC), total Kjeldahl nitrogen (TKN), total phosphorus (TP), total
potassium (TK), total organic carbon (TOC), C/N ratio and C/P ratio for the initial
substrates, control (final substrate maintained without earthworms) and vermicompost
was analyzed. Besides, the level of total microbial population, viz., bacteria, fungi and
actinomycetes were performed using the plate dilution technique. The results revealed
that the treatment with 4-6% biochar enhanced the EC, total NPK and total microbial
populations considerably in comparison with control substrates after 50 days. The 4%
biochar amendment showed a maximum of 2.46% TKN followed by the 6% biochar
amendment (2.25% TKN). The pH, TOC, C/N and C/P ratios in the vermicomposts of
all the treatments were lowered from the initial levels with a maximum decline in
biochar amendments. The initial C/N ratio of the substrates was ranged from 34.27 to
58.28 while the final range was found between 12.48 and 17.33. The total microbial
population of bacteria, fungi and actinomycetes in the final vermicompost was
intensified in all the treatments. The findings of the present study reveal that the
biochar amendment (4-6%) to vermicomposting of Parthenium hysterophorus+cow
dung (1:1) improves the nutrient and total microbial population.

Introduction
The
commercially
and
ecologically
sustainable management of solid wastes is a
great challenge worldwide. Industrial sludge

disposal technologies adopted around the
world include landfilling, land spreading,
incineration, thermal drying, lime stabilization
and vermicomposting (Singh et al., 2020).
Over the last few years, the problem of
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efficient disposal and management of organic
solid wastes has become more rigorous due to
rapidly increasing population, intensive
agriculture and industrialization. Production of
large quantities of organic waste all over the
world poses major environmental (offensive
odors, contamination of groundwater and soil)
and disposal problems. Although various
physical, chemical and microbiological
methods of disposal of organic solid wastes
are currently in use, these methods are timeconsuming and involve high costs (Garg et al.,
2006).

bioconversion of biomass wastes into
benignant materials like compost and
vermicompost incorporating biochar are given
importance due to the enhanced compost
qualities (Balachandar et al., 2021; Chung et
al., 2021). However, the effect of the addition
of biochar to weed biomass vermicomposting
is least reported. Hence, the present study has
been aimed to amend the biochar in different
concentrations
along
with
the
vermicomposting substrates (Parthenium
hysterophorus biomass + cow dung, 1:1) using
the epigeic earthworm, Eudrilus eugeniae.

Each year, humans, livestock and crops
produce approximately 38 billion metric tons
of organic waste worldwide. The safe disposal
and environmentally friendly management of
these wastes have become a global priority. In
India, the amount of waste generated per
capita is estimated to increase at a rate of 1–
1.33% annually. In such conditions, the total
waste quantity generated in 2047 would be
approximately above 260 million tons, more
than five times the present level. This
enormous increase in solid waste will have
significant impacts in terms of the land
required for disposing of this waste as well as
on methane emission (Suthar, 2009).

Materials and Methods

Apart from these facts, the growth of weeds is
posing a threat to the native biodiversity.
Problematic weed can rather be used as a base
material for composting to enhance crop
growth and for environmental benefits like
reducing water pollution, use of chemical
fertilizers and greenhouse gas emissions
(Chung et al., 2021; Ravindran et al., 2021;
Thangamani et al., 2019). Several weeds have
been successfully utilized as substrates for
composting and vermicomposting, including
Ageratum conyzoides, Eichhornia crassipes,
Lantana camara, Ipomoea carnea, Ipomoea
staphylina, Salvinia molesta, etc., employing
epigeic earthworms (Balachandar et al., 2021;
Thangamani et al., 2019). Recent studies on

The weed Parthenium hysterophorus was
collected from in and around the college
campus and washed with tap water for excess
moisture removal. The plant biomass was
chopped into 3-4 cm pieces and shade dried
for a week. Fresh cow dung was procured
from adjacent cattle shed and shade dried for a
week and used for the study. The biochar of
Prosopis wood was obtained from the local
vendor, powdered and used for the
amendment to the vermicomposting substrate.
The plant biomass and cow dung were mixed
in a 1:1 ratio on a dry weight (wt./wt.) basis
for vermibed preparation as recommended by
Thangamani et al. (2020). The substrate
mixtures were subjected to 15 days of
precomposting by maintaining 40-50%
moisture content. The substrate mixtures were
added with different concentrations of biochar
(0, 2, 4, 6 and 8%) as shown in Table 1, before
precomposting.
The precomposted substrate mixtures were
filled in uniform plastic containers and
watered to hold 70-80% moisture and allowed
for 24 h stabilization. Then, 20 mature
clitellate earthworms (Eudrilus eugeniae)
were added to each experimental set-up. For
each experimental set-up, triplicates were
maintained. The experimental sets were kept
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in a dark room with a temperature of 27 ± 2
°C. The moisture content in the substrates was
maintained by adding water when needed until
the end of the vermicomposting, i.e., 50 days.
A separate experimental set for each treatment
without earthworms was maintained as a
control.
Table.1 Experimental design showing the
proportion of vermibed substrates
Exp.
No.
BP1
BP2
BP3
BP4
BP5

Treatment mixture (wt/wt)
Parthenium
Cow Ratio
hysterophorus dung
50
50
1:1
50
50
1:1
50
50
1:1
50
50
1:1
50
50
1:1

Biochar
(%)
0
2
4
6
8

The initial (0 day), final control substrate and
vermicompost were taken and processed for
analyzing the physicochemical parameters,
pH, electrical conductivity (EC), total
Kjeldahl nitrogen (TKN), total organic carbon
(TOC), total phosphorus (TP) and total
potassium (TK). The analyses were performed
in the laboratory adopting the standard
procedures (Jackson, 1973; Tandon, 1993;
Walkley and Black, 1934). The C/N ratio and
C/P ratio were calculated with the values
obtained for TKN and TP with that of the
TOC content, respectively. The results
obtained are expressed as mean ± standard
error.
Results and Discussion
The physicochemical characteristics such as
pH, TOC, C/N ratio, C/P ratio in the final
substrates (50 days) of all the treatments
showed a decline, while EC, TKN, TP, and
TK contents were elevated. The level of pH in
the initial substrates decreased where the
decrease was found to be higher in earthworm
introduced substrates in comparison to the
substrates without biochar and control (Fig.

1A). The EC of the substrates elevated from
the initial levels and attained a maximum of
2.20 dS/m in BP3 followed by BP5 (2.19
dS/m). Overall, the level of enhancement of
EC was higher in earthworm introduced and
biochar amended treatments than the
treatments without biochar and Eudrilus
eugeniae (Fig. 1B). Earlier reports on the
changes in pH and EC are in line with the
findings of the present study (Karmegam et
al., 2021; Paul et al., 2020).
The TOC contents showed a reduction from
the initial levels in control and vermicompost
in most treatments where the reduction was
maximum in biochar and earthworm
introduced substrates with biochar (Fig. 1C).
As can be seen from Fig. 1D and Fig. 1E, the
ratios of C/N and C/P greatly lowered in
biochar amended vermicomposts, indicating
that the action of earthworms and biochar
amendment played a major role in the
biotransformation
of
Parthenium
hysterophorus biomass. The increase of
nutrients and the decrease of C/N and C/P
ratios were due to the change in TOC status of
vermicompost due to the combined activity of
the earthworms and microorganisms (Biruntha
et al., 2020; Karmegam et al., 2019).
The nutrient contents such as TKN, TP and
TK are elevated during the vermicomposting
process in general as a result of organic matter
decomposition (Singh et al., 2020). In the
present study also, the nutrient contents raised
in all the treatments with earthworms and
biochar considerably (Fig. 2). However, much
more improvement in TKN (2.46%), TP
(1.46%) and TK (2.23%) contents were
confined to 4% biochar amendment. This
indicates that the 4% biochar amendment to
1:1 vermicomposting substrates is suitable for
the
bioconversion
of
Parthenium
hysterophorus biomass in combination with
cow dung into nutrient-rich vermicompost
using Eudrilus eugeniae. The addition of N in
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the form of mucous, excretory substances
which were not initially present in feed
substrates has been reported (Balachandar et
al., 2021; Rini et al., 2020; Singh et al., 2021).
The higher percent increase of NPK in
vermicompost produced by Eudrilus eugeniae
than in the control in this study might be

attributed to the mineralization process caused
by earthworm action, along with microorganisms on organic materials due to the
presence of cow dung and nutrient
conservation in presence of biochar (Paul et
al., 2020; Yuvaraj et al., 2021).

Fig.1 (A) pH, (B) EC, (C) TOC, (D) C/N ratio and (E) C/P ratio of initial substrate mixture,
control (treatment without earthworms after 50 days), and vermicompost (treatment with
earthworms after 50 days). Error bars indicate ± SEM (Refer Table 1 for treatment details).
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Fig.2 Nutrient contents in (A) initial substrate mixture, (B) control (treatment without
earthworms after 50 days), and (C) vermicompost (treatment with earthworms after 50 days).
Error bars indicate ± SEM (Refer Table 1 for treatment details).
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Fig.3 Total microbial population in vermicomposts of P. hysterophorus and biochar
combinations (60 days). Bacteria = cfu x 106; Fungi = cfu x 104 ; Bacteria = cfu x 103; Error bars
indicate ± SEM (Refer Table 1 for treatment details).

The results on the total microbial population
in the vermicompost analyzed in initial
substrates and vermicompost showed an
increase at the end of the vermicomposting
process (Fig. 3). The total microbial
population (bacteria, fungi and actinomycetes)
present at the end of the experiment was
considerably higher than the microbial
population present at the start of the
experiment. This observation is supported by
Prakash and Karmegam (2010). While
studying the vermicomposting of mango leaf
litter using the same earthworm species,
Perionux ceylanensis, Prakash and Karmegam
(2010) reported that the total bacterial
population recorded during vermicomposting
were 51, 64, 99, 116 and 132 × 106 CFU g–1
on 0, 15, 30, 45 and 60 days, respectively. A
similar trend of increase of fungi and
actinomycetes
was
observed
during
vermicomposting of a weed, Ipomoea
staphylina (Balachandar et al., 2021). These
studies well corroborated the findings of the
present study results on microbial status.
In conclusion, the amendment of biochar to
vermicomposting
of
the
substrates,

Parthenium hysterophorus+cowdung (1:1)
showed beneficial traits of the end product, the
vermicompost. The C/N ratio reduction to
agronomically useful organic compost
obtained in the present indicates the maturity
of the final vermicompost. The data regarding
the analyses of nutrients and microbial
population obtained in the present study
reveals that the action of earthworms enhances
the nutrients and total microbial population
which was higher in vermicompost than
recorded in the control (worm un-inoculated).
The elevated levels of TKN, TP and TK in
vermicompost in presence of biochar at the
rate of 4-6% demonstrate that the addition of
biochar at such proportion is helpful to
produce nutrient-rich vermicompost. The
mechanisms of physicochemical and microbial
population enrichment are needed to be
explored for further application of biochar in
vermicomposting of all kinds of biowastes.
References
Balachandar, R., Biruntha, M., Yuvaraj, A.,
Thangaraj,
R.,
Subbaiya,
R.,
Govarthanan, M., Kumar, P., Karmegam,

532

Int.J.Curr.Microbiol.App.Sci (2021) 10(12): 527-534

N., 2021. Earthworm intervened nutrient
recovery and greener production of
vermicompost from Ipomoea staphylina –
An invasive weed with emerging
environmental challenges. Chemosphere
263, 128080.
Biruntha, M., Karmegam, N., Archana, J.,
Karunai Selvi, B., John Paul, J.A.,
Balamuralikrishnan, B., Chang, S.W.,
Ravindran, B., 2020. Vermiconversion of
biowastes with low-to-high C/N ratio into
value added vermicompost. Bioresour.
Technol. 297, 122398.
Chung, W.J., Chang, S.W., Chaudhary, D.K.,
Shin, J., Kim, H., Karmegam, N.,
Govarthanan, M., Chandrasekaran, M.,
Ravindran, B., 2021. Effect of biochar
amendment on compost quality, gaseous
emissions and pathogen reduction during
in-vessel composting of chicken manure.
Chemosphere 283, 131129.
Garg, V.K., Kaushik, P., Dilbaghi, N., 2006.
Vermiconversion of wastewater sludge
from textile mill mixed with anaerobically
digested biogas plant slurry employing
Eisenia foetida. Ecotoxicol. Environ. Saf.
65, 412–419.
Jackson, M.L., 1973. Soil Chemical Analysis.
Prentice Hall of India Pvt. Ltd., New
Delhi, India.
Karmegam, N., Jayakumar, M., Govarthanan,
M., Kumar, P., Ravindran, B., Biruntha,
M., 2021. Precomposting and green
manure
amendment
for
effective
vermitransformation of hazardous coir
industrial
waste
into
enriched
vermicompost. Bioresour. Technol. 319,
124136.
Karmegam, N., Vijayan, P., Prakash, M., John
Paul, J.A., 2019. Vermicomposting of
paper industry sludge with cowdung and
green manure plants using Eisenia fetida:
A viable option for cleaner and enriched
vermicompost production. J. Clean. Prod.
228, 718–728.
Paul, S., Kauser, H., Jain, M.S.,

Khwairakpam, M., Kalamdhad, A.S.,
2020. Biogenic stabilization and heavy
metal
immobilization
during
vermicomposting of vegetable waste with
biochar amendment. J. Hazard. Mater.
121366.
Prakash, M., Karmegam, N., 2010. Dynamics
of nutrients and microflora during
vermicomposting of mango leaf litter
(Mangifera indica) using Perionyx
ceylanensis. Int. J. Glob. Environ. Issues
10, 339–353.
Ravindran, B., Karmegam, N., Yuvaraj, A.,
Thangaraj, R., Chang, S.W., Zhang, Z.,
Kumar Awasthi, M., 2021. Cleaner
production of agriculturally valuable
benignant materials from industry
generated
bio-wastes:
A
review.
Bioresour. Technol. 320, 124281.
Rini, J., Deepthi, M.P., Saminathan, K.,
Narendhirakannan, R.T., Karmegam, N.,
Kathireswari, P., 2020. Nutrient recovery
and vermicompost production from
livestock solid wastes with epigeic
earthworms. Bioresour. Technol. 313,
123690.
Singh, A., Karmegam, N., Singh, G.S.,
Bhadauria, T., Chang, S.W., Awasthi,
M.K., Sudhakar, S., Arunachalam, K.D.,
Biruntha, M., Ravindran, B., 2020.
Earthworms and vermicompost: an ecofriendly approach for repaying nature’s
debt. Environ. Geochem. Health 42,
1617–1642.
Singh, N.K., Shahi, K., Kumar, K., Suthar, S.,
2021. Enhanced vermicomposting of leaf
litter by white-rot fungi pretreatment and
subsequent feeding by Eisenia fetida
under a two-stage process. Bioresour.
Technol. Reports 13, 100609.
Suthar, S., 2009. Vermicomposting of
vegetable-market solid waste using
Eisenia fetida: Impact of bulking material
on earthworm growth and decomposition
rate. Ecol. Eng. 35, 914–920.
Tandon, H.Z., 1993. Methods of Analysis of

533

Int.J.Curr.Microbiol.App.Sci (2021) 10(12): 527-534

Soils, Plant, Water and Fertilizers.
Fertilizer Development and Consultation
Organization, New Delhi.
Thangamani, R., Baskaran, L., Karmegam, N.,
2019. Alarming spread of invasive weeds:
A qualitative assessment and scope for
sustainable weed biomass utilization. Int.
J. Curr. Res. Biosci. Plant Biol. 6, 20–25.
Thangamani, R., Baskaran, L., Prakash, M.,
Karmegam, N., 2020. Effect of precomposting on seed viability and
subsequent vermicomposting of an
invasive alien weed, Alternanthera
ficoidea (L.) P. Beauv. Int. J. Curr. Res.
Biosci. Plant Biol. 7, 37–45.

Walkley, A., Black, I.A., 1934. An
examination of the Degtjareff method for
determining organic carbon in soils:
Effect of variation in digestion conditions
and of inorganic soil constituents. Soil
Sci. 37, 29-38.
Yuvaraj, A., Thangaraj, R., Ravindran, B.,
Chang, S.W., Karmegam, N., 2021.
Centrality of cattle solid wastes in
vermicomposting technology – A cleaner
resource recovery and biowaste recycling
option for agricultural and environmental
sustainability. Environ. Pollut. 268,
115688.

How to cite this article:
Sabarish, R. and Prakash, M. 2021. Effect of Biochar Amendment on Vermicomposting of
Parthenium hysterophorus Biomass. Int.J.Curr.Microbiol.App.Sci. 10(12): 527-534.
doi: https://doi.org/10.20546/ijcmas.2021.1012.058

534

