Int.J.Curr.Microbiol.App.Sci (2018) 7(9): 300-308

International Journal of Current Microbiology and Applied Sciences

ISSN: 2319-7706 Volume 7 Number 09 (2018)
Journal homepage: http://www.ijcmas.com

EXCELLENT
PUBLISHERS

Original Research Article

https://doi.org/10.20546/ijcmas.2018.709.037

Study on Interaction of Earthworm with Bioagents during

Vermicomposting

Sujan Biswas"", Surajit Sarkar!, Augustina Saha?, Sankar Saha® and F.H. Rahman®

Cooch Behar Krishi Vigyan Kendra, Uttar Banga Krishi Vishwavidyalaya,

Cooch Behar-736165, West Bengal, India

2SRF, NICRA Project, Cooch Behar Krishi Vigyan Kendra, Uttar Banga Krishi

Vishwavidyalaya, Cooch Behar, 736165, West Bengal, India

3|CAR- Agricultural Technology Application Research Institute, Kolkata, West Bengal, India

*Corresponding author

ABSTRACT

Keywords

Earthworm,
VVermicompost,
Trichoderma sp., P.
fluorescence and A.
chroococcum

Vermi-compost being potential organic manure is gradually getting popularity among
farmers and also farmers are gradually becoming well aware about the beneficial role of
earthworm. Again while the focus is on reducing the use of chemicals in crop cultivation
use of bio-agents has also got immense importance. Accordingly research work focusing
on enrichment of vermi-compost with different beneficial bio-agents and its different
aspects are the primary need. In light of above a research work carried out to find out the
effect of mixing different bio-agents during initiation of vermi-composting on earthworm,
vermi-compost production and microbial count. Combined use of T. viridae along with P.

Article Info fluorescence and A. chroococcum showed best effect on earthworm population (608), dry

weight (42.17 g), vermicompost produced (5.31 kg), total fungal (42.8 x 10° CFU gm™)

Accepted: and bacterial (58.7x 10° CFU gm™)population, individual population of respective strains

24 A;J%lftéoll_s as well. Single application of T. viridae, also showed good result with respect to
vallable Online: H H A
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fungal (41.6 x 10° CFU gm™) and bacterial (53.2x 10° CFU gm™)population, individual
population of respective strains. On the other, sole use of bacterial strains separately
showed positive impact on all parameters except total fungal population.

Introduction

develop efficient and eco-friendly

Soil health is undoubtedly the focus area of
concern to the scientist working in the field of
soil science and resisting gradual soil
degradation or maintaining good soil health
for long time or improving soil health over the
period without hampering the ecological
balance is the foremost target to achieve or

sustainability in agriculture system. Now a
days scientists envisaging for maximum use of
organic manure and bio-fertilizer while
minimizing the use of chemical fertilizer.

Vermi-compost, a type of organic manure
prepared through the eco-friendly process of
converting organic materials into compost by
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action of earthworm, reported to contain
increased levels of both macro and micro
nutrients in available form, enzymes, micro
flora and growth regulators (Edwards, 2004
and Ansari, 2011). Because of all these
beneficial effects vermin-compost when
applied in soil improved crop growth and
yield. Further to note that role of earthworm in
maintenance of the sustainability has already
been recognized by many scientists like M. S.
Swaminathan in his monographic work:
Stockholm to Rio to sustainable agriculture.
The earthworms, apart from its role in vermin-
composting helps to sustain soil health by
regulating many processes in soil, and also
play key role to reduce contamination of
metals in soil by enhancing phytoextraction of
metals from contaminated soils (Sinha et al.,
2010). Vermi-compost as a potential organic
manure is gradually getting popularity among
farmers of the country and farmers are also
gradually becoming well aware about the
beneficial role of earthworm.

On the other hand another important
component for marching towards organic
farming-bio-fertilizers are also reported to
play several beneficial roles in soil like taking
part in biological nitrogen  fixation,
solubilization of essential minerals, get hold of
nutrients, offering micronutrients in more
utilizable form for plants and suppressing
disease infestation. Soil bacteria are an
important source of nutrients for earthworms
(Tiunov and Scheu, 2004) and protein
requirement of earthworms is also fulfilled by
these microorganisms (Wright, 1972 and
Agrawal, 1999).

Edwards and Fletcher, 1988, reported an
increased count of fungi, bacteria and
actinomycetes in vermicompost as compared
to the soil (Tiunov and Scheu, 2004). The
increase in microbial count and growth may
be attributed towards ingestion of these
microorganisms along with organic wastes by

earthworms  which provide suitable
environment and substrate to feed for
microbial organisms (Tiwari et al., 1989).
Plant growth promoting microorganisms
(PGPMs)  which include  Azospirillum,
Azotobacter, phosphobacteria, Rhizobia etc.
encourage crop growth and yield by biological
nitrogen fixation, solubilization of essential
minerals, get hold of nutrients, offering
micronutrients in more utilizable form for
plants (Barassi et al., 2007; Abo-Baker and
Mostafa, 2011; Geetha and Balamurugan,
2011). Rhizosphere fungi and bacteria like
Trichoderma, Pseudomonus etc. promote plant
growth by improving the availability of
nutrients suppressing the growth of plant
pathogens or by production of hormones such
as auxins (Jangu and Sindhu, 2011). In spite of
so many beneficial roles of beneficial
microbes popularization of bio-fertilizer in
agriculture is still at its very infant level and
separate lone wuse of bio-fertilizer in
agriculture by farming community is observed
to be very limited due to several constraints
like lack of awareness, unavailability of
standard quality bio-fertilizer, care and
precautions required before application to the
field etc. Considering the increased awareness
about beneficial roles of vermi-compost
among farmers of the country and its
increased application in soil against that of
gloomy picture in case of bio-fertilizer,;
attention are now being paid by the scientist to
enrich  vermicompost  with  different
microorganisms. Recently, Raja Sekar and
Karmegam (2010) reported that the vermicasts
are able to increase the survival rate of bio-
fertilizer organisms for more than a year when
used as carrier material. Aira et al., in the year
2006 reported that vermicomposting is a
suitable system for studying microbe
earthworm interaction. Very few research
works have been carried out to find out the
effect of bio-agents on earthworm population
and vermicompost production when added
during the initiation of vermicomposting
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process. Furthermore reports on interaction
between earthworm and externally added bio-
agents are still not available to the desired
extent. In light of above an experiment was
designed with the objective to study the
interaction between some beneficial bio-
agents and earthworm i.e. the effect of bio-
agents on earthworm population,
vermicompost production and vice versa the
effects of earthworm on bio-agents population.

Materials and Methods
Experimental site and condition

The experiment was conducted from June to
August, 2014, at demonstration unitsof Cooch
Behar Krishi Vigyan Kendra, Uttar Banga
Krishi Viswavidyalaya located at Pundibari,
Cooch Behar, West Bengal. The experiment

was conducted at partially controlled
condition. Maximum  and minimum
temperature  during the  process  of

vermicomposting under the demonstration unit
as recorded was 27-31°C and 22-26°C.

Vermicompost preparation

Cow dung and water hyacinth were mixed at
1:1 ratio on equivalent moisture content basis

in concrete chamber and allowed to
decompose for 30 days to use as feed material
of earthworm. The process of

vermicomposting was carried out in round
earthen pot locally called chari in partially
controlled condition. 15 kg of partially
decomposed feed material on 40% w/w basis
was taken in each pot and different strains of
bio-fertilizer @ 5 gm kg™ of feed material
were mixed well with feed materials of
earthworm and then 40 numbers of earth-
worm added. Earthworm species
Eiseniafoetida was collected from
demonstration centre of Cooch Behar Krishi
Vigyan Kendra, Uttar Banga Krishi
Viswavidyalaya. Strains of bio-fertilizer were
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collected from Department of Plant Pathology,
Uttar Banga Krishi Viswavidyalaya. 60-70%
(w/w) moisture content was maintained during
vermin-composting period by sprinkling water
at every 2 days interval. After 50 days of
vermicomposting, earthworm population was
counted and amount of vermicompost
produced was measured. Samples were also
collected for counting of bio-agent population
at laboratory.

Experimental design

Strains of fungi namely Trichoderma sp.
(local), Trichoderma viridae and strains of
bacteria namely, Pseudomonus fluorescence
and Azotobactor chroococcum either singly or
in different combination were mixed well with
feed material @ 5 gm kg’ of feed material
alomg with control pot to constitute 9
treatments.

The earthen pot wherein vermicomposting
was carried out without addition of any
bioagent strain was treated as control. Details
of treatments were as follows : T, - Control,
T, Trichoderma sp. (local), Ts;
Trichoderma viridae, T4 Pseudomonus
fluorescence, Ts — Azotobactor chroococcum,
Te - Trichoderma sp. (local) + Pseudomonus
fluorescence, T; -Trichoderma sp. (local) +
Azotobactor chroococcum, Tg — Trichoderma
viridae + Pseudomonus fluorescence, Tq —
Trichoderma  viridae  +  Azotobactor
chroococcum. Each treatment was replicated
thrice.

Samples were collected during harvesting of
vermicompost from all treatment replications
for immediate microbial analysis- count of
total bacteria, fungi and individual species
used in the experiment.

Samples were cultured in modified nutrient
agar medium (Rangaswami, 1966) for
bacteria, Martins Rose Bengal agar medium
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(Martin, 1950) for fungi and total number of
bacteria and fungi were estimated by “Serial
dilution plate method” (Allen, 1953; Kannan,
1996).

For isolation and counting of Pseudomonas
fluorescence, the method proposed by Vlassak
et al., (1992) was followed in which samples
were treated with normal saline, serially
diluted upto 10°® times followed by incubation
of suitable amount of aliquot at petri plate
containing specific media i.e., King’s B at
room temperature (28°C + 2 °C) for 24-72
hours. The plates were examined daily up to 3
days for bacterial colonies.

For counting of Azotobacter chroococcum,
samples were cultured in Modified Ashby’s
medium (Abd-el-Malek and Ishac, 1968)
followed by pH adjustment to 7.0, incubation
at 28°C for 72 hour, sterilization for 20
minutes at 121°C and counting of Azotobacter
chroococcum cells with the help of a
hemocytometer under the microscope.

For counting of fungal species Trichoderma
viride, samples were cultured in potato
dextrose agar (PDA) medium (Gamal et al.,
2007), incubated at 26°C for 4 days in plates.

The fungal colonies were picked up and
purified by streaking were incubated at 26°C
for 7-8 days. Counting of green conidia
forming fungal bodies of Trichoderma viride
was done under the microscope. For
Trichoderma spp. (local), dilution plate count
technique was applied (Hirte, 1969) cultured
in potato dextrose agar (PDA) medium.

Statistical analysis

One way ANOVA was done to determine the
significance among the parameters - amount
of vermicompost produced, earthworm
population and bio-agent population using the
software SAS (SAS Institute Inc. 1990)

Results and Discussion

Effect of bio-agents on vermicompost
production and earthworm population

In the present investigation, two strains of
fungal bioagents and two strains of bacterial
bioagents were used. All the treatments in the
experiment showed positive effect on
earthworm and vermicompost production
except the treatments with Trichoderma sp.
(local) over control. While comparing, among
treatments with sole application of a bioagent
it was noted that bacterial strain P.
fluorescence had most significant positive
effect on earthworm population (598 nos.) and
dry weight (40.86 g) immediately followed by
A. chroococcum (591 nos. and 39.92) and both
were significantly higher that control
treatment (513 nos. and 32.24 g). On the other
hand, among fungal bio-agent, T. viridae
showed positive effect on earthworm
population (545 nos.) and dry weight (36.68
g); whereas strains of Tricoderma sp. (local)
had a negative effect on earthworm population
(407 nos.) and dry weight (25.52 g). Bacterial
bioagents when applied in combination with
Trichoderma sp. (local), it was noted that both
P. fluorescence and A. chroococcum
significantly reduces the intensity of negative
impact of Trichoderma sp. (local) on
earthworm and conversely Trichoderma sp.
(local)very significantly reduces the intensity
of positive impact of P. fluorescence and A.
chroococcum on earthworm population (463
and 472 nos.) and dry weight (28.96 g and
30.01 @), thereby indicating an antagonistic
relationship between the fungal and bacterial
strains. Interestingly, it was observed when
bacterial strains P. fluorescence and A.
chroococcum were used in combination with
fungal bioagent T. viridae, count of earthworm
population (608 nos. and 602 nos.) and dry
weight (42.17 g and 4149 g) were
significantly higher than respective treatments
with sole application of these three bioagents
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(598 nos. & 40.86 g, 591 nos. & 39.92 g and
545 nos. & 36.68 g, respectively), which
signifies a synergistic relationship between the
fungal and bacterial strains used in the
experiment. Higher numbers of earthworm
population and dry weight with treatments can
be explained by better decomposition of
organic materials used as feed in presence of
added microbial agents and difference in
effect might be due to varying capacity of
bioagents to decompose organic matter
(Campbell, 1983) (Table 1).

Further, higher earthworm population and dry
weight in presence of bacteria can also be
explained by the fact that bacteria are
important source of nutrients (Tiunov and
Scheu, 2004) and protein for earthworm
(Wright, 1972). However, further
investigation is needed to explain the reverse
effect of locally collected Trichoderma strains.

Dry weight of vermicompost obtained in the
process also followed the similar trend as in
case of earthworm population and dry weight.
Bioagent combination of T. viridae + P.
fluorescence (5.31 Kkg) recorded highest
production which was at par with treatment
with bio-agents T. viridae + A. chroococcum
(529 kg) and both these treatment
combinations are significantly superior than
rest of the treatments.

Keeping parity with the result in case of
earthworm treatment with local bioagent of
Trichoderma sp. recorded lowest production
of vermicompost (3.33 kg).

Increase in earthworm population during the
process of vermicomposting indicates that
microbial communities used the available
energy more efficiently in the presence of
earthworms. As a consequence, the system
functioned much better, as shown higher dry
weight of vermicompost produced during the
process.

Interaction effect of bioagents
vermicomposting

during

A critical observation of data presented in
Table 2, showed positive effect on total fungal
and bacterial population, except a few.
Significantly higher total fungal population
over control (Ty: 36.1 x 10° CFU gm™) was
recorded in treatments with T. viridae, either
singly (Ts:41.6 x 10° CFU gm™) or in
combination with P. fluorescence (Ts:42.8 x
10° CFU gm™) and A. chroococcum (Tg:42.5 x
10° CFU gm™) and differences among
treatments were statistically at par with each
other. Effect of Trichoderma sp. (local) on
total fungal population, although not so
prominent like T. viridae; still it showed
positive effect over control on total fungal
count when applied singly (T2:39.2 x 10° CFU
gm™) in combination with P. fluorescence
(T6:39.8 x 10° CFU gm™) and A. chroococcum
(T:40.3 x 10°> CFU gm™) of which effect of
combined application of Trichoderma sp.
(local) with bacterial strain differ significantly
over control. No significant effect of P.
fluorescence and A. chroococcum on total
fungi  population was observed when
treatments with sole application of P.
fluorescence (T,: 36.9 x 10° CFU gm™) and A.
chroococcum (Ts: 37.2 x 10° CFU gm™) were
compared with control (T1: 36.1 x 10° CFU
gm™). A comparison of population of
Trichoderma sp. (local) among treatments
used in the experiment indicated no clear cut
trend in effect of earthworm on Trichoderma
sp. (local). It was observed that only
treatments with Trichoderma sp. (local) either
singly (T2: 54 x 10° CFU gm™) or in
combination with P. fluorescence (Tg: 5.1 X
10° CFU gm™) and A. chroococcum (T7: 5.0 x
10° CFU gm™) had significantly better
population over control (T1: 4.3 x 10° CFU
gm™) while rest of the treatments i.e.
treatments without Trichoderma sp. (local)
found to have no significant differences with
control.
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Table.1 Effect of bio-agents on vermi-compost production and earth worm population

Population (no.)  Dry Weight(g) vermicompost (kg)
513 34.24 3.73
407 25.52 3.33
545 36.68 4.13
598 40.86 5.10
591 39.92 4.87
463 28.96 3.67
472 30.01 3.69
608 42.17 5.31
602 41.49 5.29
49 3.03 0.35

Table.2 Fungal population (x 10° CFU gm™) under different treatments

4.3 2.4 36.1
5.4 1.8 39.2
4.0 6.7 416
3.9 3.1 36.9
4.1 33 37.2
5.1 1.9 39.8
5.0 2.0 40.3
3.8 7.2 42.8
3.9 7.1 425
0.53 0.59 3.7

Table.3 Bacterial population (x 10° CFU gm™) under different treatments

2.6 2.1 46.4
2.1 1.9 42.4
3.9 2.9 53.2
7.2 2.9 56.1
3.6 7.2 55.4
5.2 1.4 49.5
1.9 5.7 51.1
8.4 25 58.7
2.8 8.1 58.9
0.41 0.39 4.51
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On the other hand, highest population of T.
viridae was recorded in treatment where T.
viridae was applied in combination with P.
fluorescence (Tg: 7.2 x 10°CFU gm™) and A.
chroococcum (Te: 7.1 x 10° CFU gm™)
followed by treatment with sole application of
T. viridae (Ts: 6.7 x 10° CFU gm™).
Interestingly, it was noted that treatment with
sole application of Trichoderma sp. (local)
recorded significantly lower population of T.
viridae over control (T1: 2.4 x 10° CFU gm™).
On the other, treatments wherein P.
fluorescence and A. chroococcum were
applied singly, showed positive effect on
population of T. viridae (T4 3.1 x 10° CFU
gm? and Ts 3.3 x 10° CFU gm™).
Combination of Trichoderma sp. (local) with
bacterial strains suppresses the positive
influence of both strain on population of T.
viridae (Te: 1.9 x 10°> CFU gm™ and T7: 2.0 x
10° CFU gm™). The increased fungal
population might be due to the availability of
nutrient rich organic waste and increase
surface area of ingested waste by mechanical
action of earthworm (Edwards et al., 1985).

Total bacterial population as presented in
Table 3, showed that higher bacterial
population was recorded in all treatments over
control except the treatment (T»:42.4 x 10°

CFU gm™) with sole application of
Trichoderma sp. (local). Highest total
bacterial population was recorded in

treatments where T. viridae was applied in
combination with P. fluorescence (Tg:58.7 x
10° CFU gm™) and A. chroococcum (T¢:58.9
x 10° CFU gm™) followed by treatments with
sole application of P. fluorescence (T4:56.1 x
10° CFU gm™), A. chroococcum (Ts:55.4 x
10° CFU gm™) and T. viridae (T5:53.2 x 10°
CFU gm™) and all were significantly higher
than control (T1:46.4 x 10° CFU gm™).
Significant reduction in total bacterial count
was observed when P. fluorescence and A.
chroococcum was applied in combination
with  Trichoderma sp. (local), thereby
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indicating a negative impact on total bacterial
population in  vermicompost produced.
Highest population of P. fluorescence was
recorded in treatment where P. fluorescence
was applied in combination with T. viridae
(Te:8.4 x 10° CFU gm™) followed by
treatment with sole apglication of P.
fluorescence (T4:7.2 x 10° CFU gm™). A
comparison among treatments with sole
application of Trichoderma sp. (local), P.
fluorescence and their combined application
further indicated that Trichoderma sp. (local)
suppressed the positive effect of the bacterial
strain and vis-a-vis. Likewise, highest
population of A. chroococcum was recorded
in treatment where A. chroococcum was
applied in combination with T. viridae (T¢:8.1
x 10° CFU gm™); which was immediately
followed by treatment where the strain was
applied solely (Ts:7.2 x 10° CFU gm™).
Similar to interaction of Trichoderma sp.
(local) and P. fluorescence, a comparison of
treatments  with  sole  application  of
Trichoderma sp. (local), A. chroococcum and
their combined application further indicated
that Trichoderma sp. (local) suppressed the
positive effect of the bacterial strain and vis-
a-Vvis.

Similar increases were also observed in other
vermicomposts by Karmegam and Daniel
(2009), Prakash et al., (2009), Edwards et al.,
(1988), Tiunov and Scheu (2004). The
increase in microbial count and growth may
be attributed towards ingestion of these
microorganisms along with organic wastes by
earthworms  which  provide  suitable
environment and substrate to feed for
microbial organisms (Tiwari et al., 1989). The
study conducted by Rao et al., (2012) also
reported increased bacterial count due to the
presence of earthworm which they explained
was due to the fact that earthworm act as good
supporters for microbial growth by providing
larger surface area by digesting and degrading
organic material into smaller pieces and
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providing facility for proper aeration; thereby
providing favourable medium for bacterial
growth.

Bacterial  strain  P.  fluorescence, A.
chroococcum and fungal strain T. viridae had
positive impact on earthworm population,
weight and amount of vermicompost
produced; whereas the fungal strain
Trichoderma sp. (local) exerted a negative
impact. Positive influence of bacterial strains
on earthworm and vermicompost was more
pronounced than the fungal strain T. viridae.
In reference to effect on earthworm count,
weight and vermicompost production- a
synergistic relationship among fungal strain
T. viridae and both bacterial strains was
observed; whereas, bacterial strains had an
antagonistic relationship with Trichoderma
sp. (local). Use of T. viridae greatly improved
total fungal population as well as population
of the applied strain in the vermicompost.
Further, application of bacterial strain P.
fluorescence and A. chroococcum showed
significant improvement in total bacterial
count and also their individual population.
Moreover, the fungal species T. viridae also
had a positive and Trichoderma sp. (local)
had a negative impact on total bacterial
population and even individual population of
bacterial strains used in the experiment.
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