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Abstract

The compost left after the completion of the mushroom cropping cycle better known as “spent mushroom substrate” (SMS).
Disposal of SMS is a matter of great concern particularly in urban agriculture where land area is limited. The use of SMS as a
bio fertilizer and bio pesticide is an alternative for this disposal SMS. Therefore, this research has been conducted to find out
the reutilization potential of SMS of Pleurotus ostreatus mushroom for subsequent mushroom cultivation and its’ dual utility
as a bio-fertilizer and bio-pesticide in leafy vegetable cultivation. Further to find out the most effective micro-organisms in the
SMS having antagonistic effect. An in vitro experiment was carried out to study the antagonistic effect of microbes residing in
SMS to evaluate its efficacy in managing red leaf spot disease in Mukunuwenna (Alternanthera sessilis). A sample of newly
disposed SMS was obtained to isolate SMS associated single bacterial colonies. Each of the unidentified bacterial isolate was
tested in vitro to determine its growth suppressive ability against Cercospora leaf pathogen isolated from infected
Mukunuwenna leaves. Different bacteria of SMS were isolated in the screening process to test their antagonistic effect
individually. The antagonistic activity of SMS associated bacteria against Cercospora was studied via co cultivation method
and degree of suppression was determined as percent inhibition of radial growth relative to a control. Ten treatments (10
bacteria samples from SMS), 03 replicates used in CRD design. Inhibition zone of each treatment has measured. Sequence of
the two bacterial samples with high inhibition/suppression rate — (Bacteria 07-/T7) were tested by sending samples to
Genetech, Sri Lanka. According to the blast results given, bacteria in those two samples were Klebsiella pneumoniae strain
OKFO08 and Klebsiella pneumoniae strain 211. It can be concluded that SMS is having an antagonistic effect and it can be used
to control red leaf spot disease in Mukunuwenna. Therefore, this can be used as biological control method for controlling
diseases in leafy vegetable cultivation. The bacteria in SMS which is having this bio control effect is Klebsiella pneumonia.
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Introduction

Edible mushroom cultivation is a unique exploitation of
microbial biotechnology, wherein nutritionally valueless
agricultural waste is converted into protein rich food.
Pleurotus mushrooms are the second most cultivated edible
mushroom worldwide next to Agaricus species. Unlike most
other mushrooms, Oyster Mushrooms (Pleurotus species)
has the unique adaptation to a wide range of ligno-cellulosic
substrates to complete its” life cycle. In Sri Lanka soft wood
sawdust is the main ingredient sought by farmers for oyster
mushroom cultivation but its prevailing scarcity necessitate
the search for alternative substrates.

The compost left after the completion of the mushroom
cropping cycle better known as “spent mushroom substrate”
(SMS) is often discarded as waste contrary to the acclaimed
benefits of SMS as a biofertilizer and biopesticide (Ahlawat
and Sagar, 2007) . Disposal of SMS is a matter of great
concern particularly in urban agriculture where land area is
limited. Utilization potential of spent mushroom substrates
of some species of the genus Pleurotus (e.g. P. eous) as a
supplementary substrate component to wheat straw-based
substrate for the cultivation of other species of the same
genus (P. sajor-caju) has been reported (Singh, 2009;
Sharma and Jandaik,1995). The ability of SMS to control
foliar diseases have also been documented (Oei, 2007) I,
Despite this empirical evidence on SMS elsewhere, no effort
has been taken to explore the beneficial aspects of SMS in
Sri Lanka to convert this “waste into wealth”.

Red leaf spot disease is particularly common in
Mukunuwanna cultivation. Red spot disease causes red
spots on the top of the leaf. Red leaf spot disease caused by
a fungi decreases the value of the quality of the cultivation
and the demand of consumers will decrease. To prevent this
fungus, the farmers are using fungicides with high amounts.
Adding chemicals to leafy vegetables is a risk for non-
communicable diseases. This is especially due to the fact
that leafy vegetables are only cooked for at least one steam.
In a low boiling point chemicals are not destroyed and they
are consumed.

Farmers are using heavy doses of pesticides to leafy
vegetable cultivations especially for Mukunuwenna and
Gotukola. The ability of SMS to control foliar diseases have
also been documented (Oei, 2007) [81. Therefore, it is
important to find out bio control method of controlling foliar
diseases of leafy vegetables. Hence considering this, an
experiment was designed with the objective of to find out
the reutilization potential of SMS of Pleurotus ostreatus
mushroom for subsequent mushroom cultivation and its’
dual utility as a bio-fertilizer and bio-pesticide in leafy
vegetable cultivation.

Materials and Methods

An in vitro experiment was carried out to study the
antagonistic effect of microbes residing in SMS to evaluate
its efficacy in managing red leaf spot disease in
Mukunuwenna. A sample of newly disposed SMS was
obtained to isolate SMS associated single bacterial colonies
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during July to October 2018. Each of the unidentified
bacterial isolate was tested in vitro to determine its growth
suppressive ability against Cercospora leaf pathogen
isolated from infected mukunuwenna (Alternanthera
sessilis) leaves. In this study, different bacteria of SMS were
isolated in the screening process to test their antagonistic
effect individually. The antagonistic activity of SMS
associated bacteria against Cercospora was studied via co
cultivation method and degree of suppression was
determined as percent inhibition of radial growth relative to
a control.

Treatment structure

There were ten treatments in the experiment and each
treatment was replicated three times in Complete
Randomized Design (CRD). Treatments were defined
according to the different bacteria in SMS. These Bacteria
were Unidentified. The treatments were as follows: T1=
Bacteria 1; T2= Bacteria 2; T3= Bacteria 3; T4= Bacteria 4;
T5= Bacteria 5; T6= Bacteria 6; T7= Bacteria 7; T8=
Bacteria 8; T9= Bacteria 9 and T10= BacterialO

Preparation of the PDA Media

Peeled potato pieces were boiled and strained. Distilled
water was added to make the solution into 1l. About 30g of
sugar was added into the stock after it had cooled. pH of the
solution was adjusted into 7. Then 10g of Agar was added
into the stock solution and heated that to a condensed
solution until bubbling occurs. After cooling of solution, it
was poured into test tubes and to flasks. Then flasks were
kept in the auto clave for the sterilization for 30 minutes.

Bacteria Isolation from SMS

It has taken 20g of SMS and dissolve that with distil water.
Kept the solution in a shaker for about one hour. The
solution was filtered by using a filter paper. Two samples
were prepared to use in the centrifuge. The two samples
were centrifuged for 10 minutes 1000rpm  (the
recommended time is 3 minutes in 8000rpm)

Bacteria Dilution
The dilution has done in a range. The 1ml from the
supernant has taken out by using a micro pipet and mixed
that with 9ml of distil water in a conical flask. Repeated this
in a range of distil water for four times. Diluted the
microbes properly.

Bacteria Culturing

Bacteria samples were grown in PDA media which had
prepared separately. It has used 0.1ml from the bacteria
samples for each petri dish with PDA. Then allowed them to
grow in the lab.

Re-culture the separately grown bacterium

The diluted bacteria were allowed to grow in 4 petri dishes
per 1 ml of 4 samples. 10 petri dishes were re-cultivated in a
numbered petri dishes, clearly differentiated from the
bacteria grown in the petri dishes.

Isolation of Red leaf Spot Disease Pathogen

A leaf fungus found in Mukunuwenna, infected with red
spot, was carefully cleaned and cultivated in a medium.
Washed the Infected Alternanthera leaves properly the by
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using distilled water and dried them and cultured in PDA
media.

Co-cultivation

The simultaneous cultivation of two or
more species of microorganism, or types of tissue, in the
same medium is called as Co-cultivation. Co-cultivation
was performed by cultivating Bacteria and fungi in the same
medium.

After the numbered bacteria were allowed to grow
separately, 10 well-developed bacteria were selected and
allowed to grow in a single culture medium with the fungus
grown. One bacterium was allowed to grow in three petri
dishes as three samples.

Red spot disease with a fructose stem obtained from the
fungus, and the fungus were cultivated in the same medium
with 10 undetected bacteria. Each bacteria was grown in
each petri dish with the fungus. It was later developed to
allow growth to increase the growth of the fungus through
the bacteria.

Data collection process

Bacteria and fungi were grown in the same media and
growth was measured. It was observed that the bacteria and
the fungus grew in the petri dish and bacteria controlled the
growth of the fungus. It was used to measure the gap
between the fungus and the bacterium. Inhibition zone
between the bacteria and the fungus was measured.

Data analysis

It has selected the 2 most effective bacteria having the
highest antagonism against pathogenic fungi and identified
the bacteria (by Gene-Tech) which can suppress pathogenic
fungi. The collected data were analyzed in analysis of
variance with MINITAB statistical data analysis software.

Results and Discussion

Bacterial Identification

Sequence of the two bacterial samples with high
inhibition/suppression rate — (Bacteria 07-/T7) were tested
by sending samples to Gene tech.

According to the blast results given Bacteria in those two
samples are

a. Klebsiella pneumoniae strain OKF08

b. Klebsiella pneumoniae strain 211

Inhibition zone length (Day 01)
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Fig 1: Inhibition Zone length Day 01
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It was revealed that treatment no 07 and treatment no 08
was observed the significantly highest inhibition zone length
at day 01 (p>0.05) with compared to other treatments.
Treatment no 6, 9 and 10 has observed zero inhibition zone.
Treatment 07 has given the highest inhibition. According to
the bacterial identification it has revealed that the bacteria in
treatment 07 is bacterium Klebsiella pneumoniae and it has
been reported to protect rice from sheath blight and seedling
blight, and also to control Nematodes in Soybean (Liu, et al
2018) M3, The World Health Organization considered
infections brought on by pathogens resistant to drugs to be a
public health problem because the unchecked use of
antibiotics has caused serious problems in human and
animal health. As a result, it is necessary to find new
pharmacological strategies, among which we can find
natural products such as plants and fungi (Shanmugavelu
and Sevugaperumal, 2021) 2],

The mycelium of P. ostreatus has been utilized in
investigations on the antibacterial activity against a variety
of microorganisms using water and alcoholic extracts.
Water extract had the maximum effectiveness, particularly
against the germs Staphylococcus aureus and Escherichia
coli as well as the fungus Candida albicans, Cryptococcus
humicola, Trichosporon cutaneum, and (Piska et al., 2017;
Verma, 1986) [l The antibacterial characteristics of
mushroom extracts were emphasized, along with some of
the found active components, such as low- and high-
molecular weight compounds that exhibited antagonistic
action against gram positive bacteria. Sesquiterpenes and
other terpenes, steroids, anthraquinones, benzoic acid
derivatives, and quinolines represent the majority of LMW
chemicals, although there are also some primary metabolites
like oxalic acid. The majority of HMW substances are
peptides and proteins.
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It was revealed that treatment no 07 and treatment no 08
were observed the significantly highest inhibition zone
length at day 02 (p>0.05) with compared to other
treatments. From those two treatments, treatment 07 has
given the highest inhibition. According to the bacterial
identification it has revealed that the bacteria in treatment 07
is bacterium Klebsiella pneumoniae and it has been reported
to protect rice from sheath blight and seedling blight, and
also to control Nematodes in Soybean (Liu, et al 2018) [*I,

Growing mushrooms is an environmentally benign hobby
since it makes use of leftover materials from horticulture,
agricultural, poultry, brewing, and other industries.
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However, the accumulation of "spent mushroom substrate,"
which is discharged after the harvesting of mushroom crops,
may result in a number of environmental issues, such as
ground water pollution and annoyance (Beyer 1996;
Ahlawat et al., 2011) Bl For every kilogram of mushrooms
produced, 5 kilograms of discarded leftover material, also
known as spent mushroom substrate, are produced (SMS).
24 t of SMS are typically discarded by a farm each month
(Singh et al., 2011) 1, According to Barry et al. (2012) [,
Ireland produces over 254,000 t of SMS annually, and The
Netherlands produces more than 800,000 t. (Oei and Albert,
2012) 04,

Farmers in various nations struggle greatly with SMS trash
management. Increasing demand for SMS by looking into
new applications for use seems to be the logical approach. If
SMS were to be recycled and utilized again, that would be
more advantageous and cost-effective. Due to the high
organic content of SMS, recent years have seen tremendous
advancements and a surge in scientific study. The Pleurotus
sp. spent mushroom compost utilized in this investigation
contained Bacillus, Clostridium, Pseudomonas, and E. coli
bacteria. This confirms the research on the microbial
makeup of Pleurotus sp. wasted mushroom compost
(Ahlawat et al., 2007) ™. For suppressing soil-borne
diseases like Meloidogyne sp. in tomatoes and Venturia
inaequalis in apples, commercial fungicides and nematicides
have been shown to be less effective than SMS applied as a
soil supplement (Ahlawat et al., 2007) ®. This study's
findings from the dual culture experiment using the SMS
microbial isolates and plant pathogenic fungi verified
previous reports that some of these microorganisms exhibit
antagonistic properties (Yohalem et al., 1994) [25,

Severe plant diseases caused by fungi like Phytophthora and
Fusarium oxysporum affect plant yields and the quality of
the products. Additionally, they have a diverse range of
hosts and infect economically significant agricultural crops
globally with illnesses (Agrios, 2005) [, These fungal
phytopathogens are challenging to manage because to their
vast range of hosts as well as the fact that they are soil-
borne (Summeral et al., 2003) %I, Due to its capacity to
create highly toxic and carcinogenic aflatoxins, Aspergillus
flavus is the most harmful fungus that may grow on stored
rice grains (Scheidegger and Payn, 2003) 1,

The culture filtrates of the bacterial strains Bacillus
megaterium KU143, Microbacterium testaceum KU313,
and Pseudomonas protegens strongly suppressed the growth
of A. flavus, according to research on the antifungal activity
of microorganisms isolated from SMS. The Pseudomonas
sp. isolate from SMS was shown to have antifungal activity
against Phytophthora sp. The growth of Rhizoctonia sp.,
Phytophthora parasitica, P. palmivora, and Fusarium solani
was shown to be inhibited by the antifungal chemicals
isolated from this bacterium, which was also found to be
effective in preventing mycelial growth (Shanmugavelu and
Sevugaperumal, 2021) 2, According to the findings of the
study by (Shanmugavelu and Sevugaperumal, 2021) 9,
discarded mushroom substrate has a significant number of
native beneficial microorganisms that are capable of
inhibiting soil-borne diseases. This SMS feature may be
used as a substitute substrate for mass-producing biocontrol
agents for field application, which might result in the
eradication of diseases and higher agricultural output.
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Conclusion

SMS is having an antagonistic effect and it can be used to
control red leaf spot disease in Mukunuwenna. Therefore,
this can be used as biological control method for controlling
diseases in leafy vegetable cultivation. The bacteria in SMS
which is having this bio control effect is Klebsiella
pneumonia according to the blast result.
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