SUSTAINABLE PRODUCTION OF LIQUID BIOFERTILIZER: UTILIZING
SPENT MUSHROOM SUBSTRATE AND WATERMELON PEELS

ABSTRACT

Biofertilizers are natural fertilizers that contains live biomass. This study demonstrates the
production of Liquid biofertilizer through the use of spent mushroom substrate (SMS),
and watermelon peels by liquid state fermentation technique. This is a result of
contamination and lose of soil fertility faced by the environment and agricultural farm land
as a result of incessant use of inorganic fertilizers that are persistent in the soil. The two
waste materials of 5379g each were obtained and placed on a 35-litre drum, 27 litre of
water was poured on the mixture after washing the watermelon peel and stirred evenly,
then allowed to ferment for 3 weeks under anaerobic condition, then filtration of the
mixture was done after complete fermentation, and microbiological and physicochemical
analysis was carried out on the mixture before and after fermentation. Reduction in the
concentration of total nitrogen, phosphorous, magnesium and potassium were observed
after fermentation while iron content increased after fermentation. The following bacterial
species were identified using 16S rRNA gene amplicons: Pseudomonas aeruginosa,
Stenotrophomonas, geniculata, Sphingobacterium daejeonense and Alcaligene faecalis.
A Pot experiment was carried out with a planting bag on three set ups in duplicates, (i)
seed + liquid biofertilizer application, (ii) seed + chemical fertilizer application (iii) Seed
alone. Then planting of bean seed (Phasolous vulgaris L.) and groundnut seed (Arachis
hypogea) on each set up after physicochemical analysis of the planting soil. Growth
comparison using germination test was done by measuring the shoot length, leaf length,
leave number, leaf width, stem girth and number of branches, it was observed that the
treatment with liquid biofertilizer application competed favourably with that of chemical
fertilizer treatment and the biofertilizer also serves as a bio-control agent as the leaves of
the biofertilizer set up was not eaten by caterpillar while that of inorganic (chemical
fertilizer) was eaten up.
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Introduction

Organic fertilizers that include living biomass or dormant cells of beneficial microbial
strains are known as biofertilizers. By populating the rhizosphere and making the nutrient
readily accessible and useful to plant root hairs, they may increase nutrient digestion. Bio-
fertilizer production is another way of practicing agricultural microbiology as it impacts on
crop growth improvement, soil fertility through organic fertilizer, plant disease control
through the process of antagonism. Soluble phosphate fertilizers are used for crop growth
enhancement and these products or area of research has gained tremendous break through
over the years, also the bio-fertilizer production has been commercialized for increasing
soil fertility. The use of indigenous microorganism and fungi for this improvements are
better in comparison to the introduced strains of microbes. These practices is to impede
the harmful use of chemical fertilizers and then reduce the rate of pollution through this
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natural approach.

The substrate used to grow mushroom is a combination of various natural materials that is
prepared specifically for the cultivation of mushrooms. It is spent because it has already
been used in the mushroom house after the harvest year, it is disposed.

Spent mushroom substrate is a waste material gotten after cultivation of oyster mushroom
(Pleurotus Spp.). SMS refers to the residual substrates that remain after the crop has been
harvested and composted. Mustapha et al.'s (2017) research found that SMS (spent
mushroom substrate) retains certain residual nutrients that may still be used by
mushrooms. However, from an economic standpoint, it is more cost-effective to replace
the substrate and start a new crop. SMS is distinguished by its substantial organic matter
content, which is beneficial and contains both macro and micro nutrients in total and
accessible forms. Optimal pH, advantageous low C/N ratio, and minimal heavy metal
concentration. The predominant focus of research on SMS has been on the enzymatic
activity of the natural mycelium and its ability to produce lignocellulose enzymes,
including laccase, XY lanase, lignin peroxidase, cellulose, and hemicellulose. This has been
done with the aim of utilizing SMS as a cost-effective resource for bioremediation, animal
feed, and energy feedstock production (Cezary et al., 2021).

Watermelon, scientifically known as Citrullus lanatrus, is a fruit of significant economic
value. It is considered the second biggest fruit crop in the world, with a worldwide output
of over 103 million tons. (GUpta et al.,; 2023) Approximately 25% of the watermelon peel,
which makes up a significant portion of the fruit, is often disposed of or tossed into the
environment. This practice poses environmental issues. The transformation of this waste in
the environment into valuable chemicals and commodities is restricted owing to a lack of
understanding in potential conversion methodologies.

The remnants of spent mushroom substrate (SMS) obtained from culture bags after the
harvest of mushroom fruiting bodies are referred to as compost or spent mushroom
substrate (SMS)(Martin et al., 20283;)! SMS, or spent mushroom substrate, is a readily
available biomass residue generated in large quantities after crop harvesting in mushroom
farms. Approximately 5 kilograms of secondary metabolite substances (SMS) are
generated every kilogram of freshly formed fruiting body. Following the collection of
mushrooms, SMS debris is often discarded as refuse, posing a significant difficulty in
waste management. In many countries, it is typically composted as a means of disposal
(Anjali et al., 2021). In recent years, the mushroom farming business has seen significant
growth, resulting in the yearly production of nearly 5 million tons of solid waste in SMS
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This study was carried out at Choba, Port Harcourt, Rivers State, Nigeria.

Sample collection

The spent mushroom substrate (Pleurotus ostreatus) was gotten from mushroom farm in
Agric faculty of the University of Port Harcourt whereas the watermelon peel was gotten
from Choba market roadside water melon sellers. Physicochemical analysis of the sample
was determined before fermentation process.

Isolation of microorganism

One ml of well agitated mixture of the waste substrate was serially diluted in (10 fold) 9ml
of normal saline. For phosphorous solubilizing bacteria, aliquots (0.1ml) of 10 was
spread on pikovskaya media while for Nitrogen fixing bacteria, aliquots (0.1ml) of 103
was spread on Ashby’s mannitol agar and also spreading was done on nutrient agar plate
all spreading were in duplicates. The plates were incubated for 24 hours, after district
colonies was observed on the plates, the plates were enumerated and then sub cultured
into differential media such as MSA, Centrimide agar, mackonkey agar, Ashby’s mannitol
agar and Pikovskaya media. This was also carried out after the biofertilizer was produced.

Media preparation for nitrogen-fixing bacteria isolation

250ml of Mannitol Ashby agar media was formulated by measuring 5g of Mannitol, 0.05g
of Potassium Hydrogen Phosphate (K2HPQOj4), 0.05g of Sodium Chloride (NaCl), 0.05g of
Magnesium Sulphate Heptahydrate (MgSO4.7H20), 0.025g of Potassium Sulphate
(K2S04), 1.25g of Calcium Carbonate (CaCOs) 3.75g Agar-agar then dissolved in 250 ml
of Distilled water. After 15 minutes in an autoclave at 121°C, the agar medium was placed
onto a petri dish and allowed to harden at room temperature.

Media preparation for phosphate-solubilising bacteria isolation

250ml of Pikovskaya agar media was formulated by measuring 2.5g of Glucose, 1.25g of
Calcium Phosphate (Ca3z(PO4) 0.05g of Sodium Chloride (NaCl), 0.025g of Magnesium
Sulphate Heptahydrate (MgSO4.7H20), 0.05g of Manganese (Il) Sulphate Dihydrate
(MnS04.2H20) 0.125g of Ammonium sulphate (NH4 )2 SO4, 0.125g of Yeast extract,
3.75g of Agar-agar then 250ml of normal saline was poured on the mixture. After 15
minutes in an autoclave at 121°C, the agar medium was placed onto a petri dish and
allowed to harden at room temperature.

Identification of Isolates

The pure isolates were identified through their morphological, cultural, biochemical
characteristics as stated in a manual of determinative bacteriology according to Bergeys.
The biochemical tests that was conducted includes: catalase, oxidase, citrate, indole,
TSIA, MR-VP, Sugars (lactose, fructose and sucrose utilization test). Azotobacter sp.
were recognized by a clear zone around the colonies on Ashby mannitol agar. Cellular
identification of bacterial isolates was carried out using gram staining method.

Gram stain

Gram staining technique was employed to differentiate the bacteria into two distinct types
of Gram +ve and Gram —ve organisms through the detection of the peptidoglycan which is
a thick, tough and rigid layer in the cell wall of Gram +ve and tiny in Gram —ve bacteria
cell wall. An uncontaminated, grease-free glass slide was used to make a smear of the
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Biofertilizer Production

The watermelon peel was washed and cut into smaller fragments then weighed using the
weighing machine and also, the spent mushroom substrate was weighed and scattered into
the drum, both waste materials had equal weight of 5379.00g and 27 litre of distilled water
was poured on the mixture and stirred evenly then covered airtight to ensure anaerobic
condition, the essence of the high quantity of water was to allow free movement of
microorganisms and for fermentation to take place faster (Hallsworth, 2023): The
substrate was left for fermentation to take place and on weekly intervals, the mixture was
checked to observe if absolute fermentation has taken place. After 3 weeks fermentation
period, the mixture was sieved using a sterile sieve into 20 litres gallon and kept under
room temperature.

Molecular Identification

DNA Extraction

The ZR fungal/bacterial DNA miniprep kit (manufactured by Zymo Research) was used to
extract DNA.

DNA Quantification
Nanodrop spectrophotometry was used to determine the concentration of the DNA and
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access its purity. Agarose Gel Electrophoresis for DNA and PCR was carried out.
DNA Amplification

Sequencing and Sequence Analysis

The fragments were sequenced using the Nimagen, Brilliant Dye™ Terminator Cycle
Sequencing Kit V3.1, BRD 3-100/1000. The cycles that was conducted were denaturation
temperature and times, Annealing temperature and time and Elongation temperature and
time. The used Bacterial Primer sequences that were used includes:27F with the sequence
5 AGAGTTTGATCMTGGCTCAG ‘3 and 907R with the sequence 5’
CCGTCAATTCMTTTRAGTTT ‘3.

Evolutionaa Relationshiﬁs of Taxa |

Physicochemical Analysis

Physicochemical analysis of the mixed substrate before fermentation and after fermentation
with that of the planting soil was conducted in a pharmaceutical chemistry laboratory,
located in University of Port Harcourt where analysis of the nitrogen content,
phosphorous, magnesium, iron content, potassium, pH value and temperature value was
ascertained.

h
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Collection of Planting Soil Sample

The experimental soil sample was gotten from the university of Port Harcourt Delta
campus on a randomized sampling method with the use of trowel and was filtered with a
large basket to remove debris such as stones, pieces of plastics etc. then the soil was taken
to the laboratory for physicochemical analysis.

Pot Experiment set up

The experimental soil was transferred into garden planting polythene bags of 24.1 length,
and 22.2 width, each contained about 2723.25g of soil, then seedlings of beans and
groundnut were rinsed with a distilled water and planted on the soil in duplicate set ups.
For the biofertilizer application soil, the soil was divided into two and packed in duplicate
bags also. The beans, groundnut and experimental soil sample were all identified in the
department of crop and soil science, faculty of agriculture, university of Port Harcourt.
The seeds of beans and groundnut for soil and foliar application were soaked in 5ml of the
liquid biofertilizer and chemical fertilizer according to Shikha'et'al' (20283). For each crop,
three set ups were considered in duplicates which includes: liquid biofertilizer + soil +
seed, chemical fertilizer + soil + seed (positive control) and soil + seed only which is
serves as the negative control. The seeds were distributed in each set up randomly after
been subjected to viability treatment.

Seed Viability Test

The both seed of groundnut (Araichis hypogea) and beans (Phaseolus vulgaris) were
subjected to viability test by spreading up to 30 pieces each of the test crop on a tray
slightly covered with soil and covered with a polybag to create humidity (Ibiene et al
2012). After 4-5 days of planting, over 90% of the seeds germinated which is indicative
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that the seeds are viable.

Application of Chemical Fertilizer

The chemical fertilizer were applied according to manufacturer’s instruction, the seeds of
beans and groundnut were firstly rinsed using distilled water and sundried, after which
soaked in 1.5ml of the chemical fertilizer for 30 minutes before planting on PE5 and PE6
accordingly, foliar and soil application started 10 days after germination of crops. The
application continued within the interval of 7 days according to Okoli et al (2019).

Application of Liquid Biofertilizer

The seeds of beans and groundnut for this application were also firstly rinsed using
distilled water and sundried after which they were soaked in 5ml of liquid biofertilizer and
5ml of the liquid biofertilizer was sprayed on the sterilized soil to enhance the microbial
activities of the soil. Since our biofertilizer contains live organisms that are capable of
bringing about aeration and accessibility to some essential nutrients due to their presence
in the soil. The soil application and foliar applications commenced after 10 days of seed
germination and continued at an interval of 2 days. This application was done and
monitored for 5 weeks.

Growth Parameters measurement
The growth parameters for germination test analysis were measured using a tape in

centimeter according to Criollo et al (2011) which included the plant height (cm), the
number of leaves, leave length (cm) and the stem girth.

RESULTS and DISCUSSION

Table 1: Biochemical test results for isolation before fermentation (BF)

Sample Mor S 6 C o C I g S S b g H M V Tentatveidentty
code phol h r a x i a | wuvu I u a 2 R P
ogy a a t i1 t ¢ u ¢ o t s
& p m a d r t ¢ r p t
colo e | a a o o o0 e
ur s a s t s s s
t s e e e e e
a e
i
n
MP1. pink rod - + + + - + - R R - - + - Pseudomonas sp.
CENTRI.
SSA. pink rod - - - + - + - R R - - - - Bacillus sp.
MSA. purple + + + - 4+ + - R R - - + - Staphylococcus sp.
Q
EMB(2). pink rod - + - + - + + R R - - + -  Pseudomonas sp.

EMB(3).  pink rod - + - + - + - R R - - + + Pseudomona sp.




EMBL. Pink rod + + Pseudomonas sp.
NAL. pink rod + + Pseudomonas sp
NA2. pink rod Pseudomonas sp.
NA 3. pink rod + + + Baccillus sp
NA 4. Pink rod + + + Pseudomonas sp.
Table 2 Biochemical characterization of isolates after fermentation (AF)
Samp M S G C o C 1l g S S b g KH M V Tentative
le or h r a x 1 a | wu I u a 2 R P identity
code ph a a t i t ¢ u c o t s °
ol p m a d r t ¢ r p t
0g e | a a o0 o0 o0 e
y S a s t s s s
& t S e e e e e
co a e
lo i
ur n
PIV1. pink  rod + + + + + R R - - + Azotobacter sp.
PIV2 pink  rod + + 4+ + 4+ + R R - - - Pseudomonas sp.
PIV3.  pink rod + + 4+ -+ R R - - - Clostridium sp.
AM1 pink  rod +  + 4+ - R R - - + Clostridium sp.
AM2 pink  rod + + H0- 4+ R R - - + Azotobacter sp.

Bacterial isolation



maintained during the fermentation period. The nitrogen fixing species and Azotobacter
species were recognized with a clear zone around the colonies on the growth medium.
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MOLECULAR RESULTS
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