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Abstract

The rising demand for natural resources has resulted in the usage of chemical fertilizers.
Biological fertilizers must be mandated to safeguard humans and the environment from toxic
chemical fertilizers. As a result, this study focuses on isolating, characterizing, and identifying
bacteria from homemade biofertilizers, which are environmentally friendly and help boost plant
growth. Two distinct media of purple non-sulfur bacteria enrichment medium (PNSBEM) and
nutrient agar were used to grow bacteria isolated from the homemade fertilizer. The optimum

bacterial growth study was conducted under aerobic, facultative, and obligate anaerobic
conditions. Further characterization of isolated bacteria, including Gram staining, catalase assay,
pathogenicity assay and partial 16s rRNA sequencing, reflects Gram-positive Clostridium sp. The
bacteria isolated from the homemade fertilizer showed its ability to synthesize auxin components
such as Indole acetic acid (IAA) and aminolevulinic acid (ALA). Homemade fertilizer has the
potential to be an effective biofertilizer since it shows a favourable outcome in the IAA component,
which is vital in controlling plant growth and development.
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1.0 INTRODUCTION

The production of homemade fertilizers is one of the first steps toward improving agriculture and is profitable if done correctly.
Organic fertilizers improve soil texture, allowing it to retain water for longer periods and enhancing bacterial and fungal activities,
benefiting plants and soil (Kyaw et al., 2018). Continuous and excessive use of pesticides and chemical fertilizers causes
damaging effects on our health and environment compared to chemical fertilizers (Santra et al., 2015). Understanding the linked
microorganisms is essential for producing an efficient fertilizer. Rhizobium, mycorrhiza, blue-green algae, and purple non-sulfur
bacteria (PNSB) are the most prevalent microorganism's involved in biofertilizers.

These microorganisms' operations and interactions are poorly understood, particularly in real-world applications (Mitter
et al., 2021). Beneficial microorganisms, such as PNSB, are commonly utilized in biofertilizers but are inconvenient to certain
users due to a lack of understanding about their advantages and applications. Furthermore, without additional research, whether
phytohormones or plant growth regulators are included in the biofertilizer is unclear. Even though the biofertilizer works well
when applied to plants, it is critical to research their functionality thoroughly.

This research aimed to isolate PNSB and other bacteria from previously manufactured homemade fertilizers using PNSB
enrichment medium (PNSBEM) and nutrient broth. The isolated PNSB was then identified and described using 16s rRNA and
Gram staining. Finally, a spectrophotometer was used to investigate the production of indole acetic acid (ALA) and
aminolevulinic acid (IAA), both of which promote plant development (PGPS).
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2.0 MATERIALS AND METHODS
2.1 Cultivation and Isolation

Referring to Suhaidah (2019), 5 L unchlorinated rainwater, 3 chicken eggs, 10 g (2 teaspoons) sodium glutamate, 5 g (1
teaspoon) belacan (shrimp paste), and 38.35 g (3 tablespoons) fish sauce were combined to make homemade fertilizer. These
components, including the eggshells and water, were well mixed and stored in a light-filled area. The solution was mixed every
2-3 days for 20 days until bloomed.

Samples were taken from the homemade fertilizer stock and performed dilution up to 10 followed by spreading on
agar by spread plate technique on Purple Non-Sulphur Bacteria Enrichment Medium (PNSBEM) agar (1 g/L NH4Cl, 0.5 g/L
NazHPOs4, 0.2 g/L MgClz, 2 g/L NaCl, 2 g/L yeast extract, 6 mL of 80% sodium lactate, 2 % agar powder and distilled water up
to 1000 mL). The medium was then adjusted to pH 7 and sterilized via autoclaving) and nutrient agar (NA )(Oxoid). Different
colonies detected on each plate were inoculated and streaked on PNSBEM agar and NA. The colony from each plate was
transferred and sub-cultured in a new PNSBEM and NA to obtain pure culture. Approximately 10% of the pure culture of each
plate was transferred into new media and incubated at room temperature (30°C) with access to light for 4-7 days until purple
bloom was formed.

2.2 Bacterial Identification

The DNA of pure cultures was extracted using Wizard Genomic Promega DNA purification kit. The extracted DNA undergoes
PCR amplification, which consists of a reaction mixture: 16s rRNA forward primer, reverse primer, DNA template, nuclease-free
liquid and GoTag® Green Master Mix. The PCR amplification reaction was performed as follows: 5 minutes at 94°C
(denaturalization), 30 cycles of 1 minute at 94°C (denaturalization), 1 minute at 55°C (annealing), 4 minutes at 72°C (extension),
27 and 10 minutes at 72°C (final extension). The PCR product was observed on 1% agarose gel electrophoresis, and Midori
Green was used as a dye. The PCR product was sent for sequencing at Apical Scientific Sdn Bhd. The partial 16S rRNA
sequences were compared with GenBank database on the NCBI website (http://blast.ncbi.nlm.nih.gov/Blast.cgi) by BLASTN.
CLUSTAL W was used for multiple alignments, and a phylogenetic tree was constructed using MEGA X (Ver 10.2.4).

2.3 Characterization of Isolated Bacteria

A loop of pure colonies from each medium was placed on a slide and air-dried before being heated by passing it several times
over a flame. Five drops of crystal violet were allowed to rest for 1 minute in the culture. Five drops of iodine solution were then
applied, and the area was washed with water after 30 seconds. The slide was inverted and decoloured with an acetone-alcohol
solution until the purple hue disappeared. The sample was then cleaned promptly and inspected under a microscope with
immersion oil after applying 5 drops of safranin.

The test tube was filled with 1-2 mL of hydrogen peroxide for the catalase test. Several bacteria colonies were selected
from each sample and submerged in hydrogen peroxide solution with a sterilized glass rod. Following that, any bubbling
formation was recorded.

The bacteria colonies were picked up with an inoculating loop for the pathogenicity test and streaked onto a fresh, sterile
blood agar medium. The inoculation plate was then incubated at 35-37°C. After 24 hours, the plate was examined to see if it
had darkened or discoloured in the growth location.

2.4 Plant Growth Precursor Assay

All samples were grown in PNSBEM and NA media for 5 days at pH 4.5, with L-tryptophan 3 mM added as a precursor for IAA
production. After harvesting, the strain was centrifuged at 8000 rpm for 15 minutes. The mixture was allowed to rest for 30
minutes at room temperature after adding 2 mL of Salkowski's reagent and 1 mL of supernatant to a test tube. The solution was
observed using a spectrophotometer with an absorbance wavelength of 535 nm. The testing was carried out at different intervals
every 24 hours for 7 days (Gang et al., 2019).

Bacterial samples were isolated and centrifuged at 8,000 rpm for 20 minutes. 2 mL of the bacterial supernatant was
mixed with 1 mL sodium acetate buffer (pH 4.7) and 0.5 mL acetylacetone (2,4-pentanedione) in a screw cap tube. The mixture
was boiled at 100°C in a water bath for 15 minutes. After 30 minutes, the tube was filled with 3.5 mL of Ehrlich's reagent. The
concentration of ALA content was calculated based on the ALA standard curve. ALA content was observed every 24 hours for
7 days.
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3.0 RESULTS AND DISCUSSION
3.1 Cultivation and Isolation

Compared to the initial day of preparation, the liquid fertilizer turned to a murky yellowish appearance from clear yellowish after
20 days of incubation (Figure 1). The presence of PNSB from belacan or fresh shrimp brain, which can produce
bacteriochlorophylls a or b and different carotenoids from the spirilloxanthin, rhodopinal, spheroidene, or okenone series as
photosynthetic pigments that undergo anoxygenic photosynthesis, theoretically cause the colour changes to be reddish to
purplish (Madigan et al.,, 2009). However, the fertilizer did not change its colour as expected due to various unexpected
circumstances. Rain is a significant element that may contribute to the failure of PNSB growth. PNSB can change their
metabolism as long as there is light and oxygen for photosynthesis, according to Chen et al. (2020). Furthermore, biofertilizer
formulation accuracy might be regarded as one reason contributing to the failure of blooming. The original measurement for the
components is in tablespoons and teaspoons rather than uniform measuring units when referring to the exact formulation (mg,
g, kg, mL, L). Aside from that, because PNSB are known to develop the best in anaerobic conditions, there is a chance that the
bottle tops are not completely tight, allowing oxygen access.

Table 1 shows the development of bacteria on the streak plate after overnight incubation. The growth finally indicated
that diverse bacteria are presented in the homemade fertilizer, but additional testing is required to determine its functioning or
usefulness. After the colony had been developed overnight, 5 separate colonies from PNSBEM and NA were chosen for the
subsequent investigation. Two of the five colonies were recovered from the PNSBEM plate and designated as A1 and A2, while
the other three colonies were acquired from the NA and labelled as B1, B2, and B3.

Figure 1 A: Day 0 of homemade fertilizer; B: Day 20 of homemade fertilizer

3.2 Characterization of Isolated Bacteria

Following the Gram staining processes, the cell shape or unique structure of bacteria strains (B1 and B2) and PNSB strains (A1
and A2) was assessed using LEICA light microscopy. As shown in Table 2, all samples (A1, A2, B1, and B2) tested were Gram-
positive by displaying a purple colour with a rod form.

All bacterial strains (A1, A2, B1 and B2) do not show any hydrogen peroxide bubbling and indicated that all strains do
not have catalase enzyme. Since the bacteria were cultivated under obligate and facultative anaerobic conditions, they lack the
capacity to produce harmful by-products (H202) and superoxide radicals (Oz2") through metabolic activity. These products are
toxic to organisms and, if it is not broken down, they can induce cell lysis.

Referring to Table 3, all samples (A1, A2, B1 and B2) had a brownish and opaque colony, suggesting y-hemolysis, which
occurs when the organism does not manufacture hemolysin enzyme. As a result, all samples may be considered non-hemolytic
(no or low pathogenicity level). The pathogenicity test was also carried out using the biofertilizer, and no alterations in the blood
agar were seen, with only brownish colonies forming. As a result, the biofertilizer does not create hemolysin enzyme, suggesting
y-hemolysis with no pathogenic impact, and is deemed to be harmless when applied to plants and soil.
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Table 1 The growth of bacteria on PNSBEM and nutrient agar.

Results

Plates
PNSBEM A1
A2
Nutrient B1
agar
B2
B3

Characteristics of
colony

Shape: circular
Elevation: convex
Texture: mucoid
Opacity: translucent
Colour: white

Shape: circular
Elevation: convex
Texture: mucoid
Opacity: translucent
Colour: white

Shape: circular
Elevation: convex
Texture: moist
Opacity: opaque
Colour: pale yellow

Shape: circular
Elevation: convex
Texture: moist
Opacity: opaque
Colour: pale yellow

Shape: circular
Elevation: convex
Texture: moist
Opacity: opaque
Colour: pale yellow
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Table 2: Gram staining of PNSB and bacterial colonies.

Plates Results Explanation
PNSBEM

A1 ' A o T oy ;\“ | Total magnification: 1000X
o Eyepiece magnification: 10X
o Objective lens magnification:

100X

Rod in shape
Purplish in colour

A2 Total magnification: 1000X

o Eyepiece magnification: 10X
o Objective lens magnification:
100X
Rod in shape
Purplish in colour

Nutrient agar
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Total magnification: 1000X
o Eyepiece magnification: 10X
o Objective lens magnification:
100X
Rod in shape
Purplish in colour

Total magnification: 1000X
o Eyepiece magnification: 10X
o Objective lens magnification:
100X
Rod in shape
Purplish in colour
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Table 3 Pathogenicity test on bacterial samples.

Results Explanation

A1

¢ No change in the blood agar
e Brownish colony
e [B-hemolysis

¢ No change in the blood agar
e Brownish colony
e B-hemolysis

¢ No change in the blood agar
e Brownish colony
e [-hemolysis

¢ No change in the blood agar
e Brownish colony
e [-hemolysis

¢ No change in the blood agar
e Brownish colony
e [-hemolysis

3.3 Bacterial Identification

For sample sequencing using NCBI BLAST, all samples could be categorized into the appropriate Clostridium species. Sample
A1 (Figure 2) had 99% similarity to Paraclostridium benzoalyticum along 99% of the query cover. Sample A2 (Figure 3) was
92.14% identical to Paraclostridium bifermentans throughout 99% of the query cover. Samples B1 (Figure 4) and B2 (Figure 5)
were likewise linked to Paraclostridium bifermentans, with 93.63% similarity along 25% query cover and 95.56% similarity along
98% query cover, respectively. MEGA-X was used to construct the phylogenetic tree (ver.10.2.4).
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100 At
MT463458.1:7-1105 Paraclostridium benzoelyticum strain 5325 1635 ribosomal RNA gene partial sequence
MT510437.1:10-1105 Paraclostridium benzoelyticum strain 5610 16S ribosomal RMNA gene partial sequence
MN567540.1:1-1094 Peptostreptococcaceae bacterium strain 12-2 16S ribosomal RMNA gene partial sequence
MT510293.1:13-1107 Paraclostridium benzoelyticum strain 5464 165 ribosomal RMA gene partial sequence
MT463459.1:9-1108 Paraclostridium benzoelyticum strain 5326 1635 ribosomal RNA gene partial sequence
MN999977_1:5-1099 Paraclostridium benzoelyticum strain XS 1-2 16S ribosomal RNA gene partial sequence
KP944168.1:10-1104 Clostridium bifermentans strain W11109B1-1 16S ribosomal RNA gene partial sequence
KP944166.1:13-1107 Clostridium bifermentans strain W18006C2 163 ribosomal RNA gene partial sequence
100 \—|: KP944165.1:14-1108 Clostridium bifermentans strain Ad-1B 165 ribosomal RNA gene partial sequence

100 JX073558.1:17-1109 Clostridium difficile strain Ip-1 165 ribosomal RNA gene partial sequence

100

100

100

Figure 2 Phylogenetic tree of sample A1

NT967554.1:11-1437 Uncultured Paraclostridium sp. clone asv 53 2198 165 ribosomal RNA gene parial sequance 165-235 ribosomal RNA intergenic spacer complete sequence and 23S rioosomal RNA gene partial sequence
1/T967535.1:11-1437 Uncultured Paraclostridium sp. clone asv 34 2183 16S ribosomal RNA gene parial sequence 18S-23S ribosomal RNA intergenic spacer complete sequence and 23S ridosomal RNA gene partial sequence
1T967639.1:11-1437 Uncultured Paraclostridium sp. clone asv 138 2131 185 ribasomal RNA gene pertial sequence 165-23S ribosomal RNA intergenic spacer complete sequerce and 235 ribosomal RNA gene partial sequence
JX267047.1:18-1444 Clostridium bifermentans strain ECOB 163 ribosomal RNA gene partal sequence

JX267051.1:20-1446 Clostridium bifermentans strain EC19 165 ribosomal RNA gene partal sequence

CP079737.1:515364-£16790 Faraclostridium bfermentans strain DSM 14991 chromosome complete genome

(OK272043.1:*6-1442 Paraclostridium benzoelyticum strain P1-P-100 165 ribosomal RNA gene partial sequence

CP094933.1:35165-3€591 Paraclosiridium bifermentans strain HD0315 2 ch-omosome complete genome

NR 148815.1:31-1457 Paraclostridum benzoelyticum strain JCZ72 16S ribosomal RNA partial sequerce

R

CP032452.1:2141962-2143388 Paraclostridium bifermentars st-ain Chm chromosome:

Figure 3 Phylogenetic tree of sample A2

4 B1
51 EUB828358.1:1028-1423 Clostridium sp. NB53 16S ribosomal RNA gene partial sequence
EU828355.1:1023-1418 Clostridium sp. NB36 16S ribosomal RNA gene partial sequence
LN998086.1:1064-1455 Clostridium bifermentans partial 16S rRMNA gene strain mammoth-3
KT624614.1:1064-1458 Paraclostridium bifermentans strain MCM B 558 16S ribosomal RNA gene partial sequence
LC194786.1:1063-1457 Clostridium sp. H2 gene for 16S ribosomal RNA partial sequence strain: H2
GQ120702.1:114-509 Uncultured bacterium clone TANIN7 16S ribosomal RNA gene partial sequence
GQ120896.1:113-515 Uncultured bacterium clone TANIN1 16S ribosomal RNA gene partial sequence
33 KT624611.1:1026-1421 Paraclostridium bifermentans strain MCM B 555 16S ribosomal RNA gene partial sequence
48 CP032452.1:15356268-1536015 Paraclostridium bifermentans strain Cbm chromosome
KT632855.1:1063-1457 Paraclostridium bifermentans strain MCM B573 16S ribosomal RMNA gene partial sequence

25

Figure 4 Phylogenetic tree of sample B1

3 1MT967554.1:25-1437 Uncultured Paraclostrdium sp. clone asv 53 2198 16S ribosomal RNA gene dartial sequence 165-23S ribosomal RNA intergenic spacer complete sequence and 23S ribosomal RNA gene partial sequence.
IMT967535.1:25-1437 Uncultured Paraclostrdium sp. clone asv 34 2183 163 ribosomal RNA gene oartial sequence 163-233 ribosomal RNA intergenic spacer complete sequence and 233 ribosomal RNA gene partial sequence
1T96763¢€.1:23-1437 Uncultured Paraclostrdiur sp. clone asv 138 2131 165 ribcsomal RNA gene partial sequence 165-225 riboscmal RNA intergenic spacer complete sequence and 235 ribosomal RNA gene partial sequerce
JX267047.1:33-1444 Clostridium bifermentans strain E006 188 rbosomal RNA gene partial sequence

JX267051.1:35-1446 Clostridium bifermentans strain E019 135 ribosomal RNA gene partial sequence

CP079737.1:515379-516790 P: strain DSM 14991 complete gencme:

(OK272048.1:31-1£42 Paraclostridium benzoelyicum strain P1-P-100 168 ribasomal RNA gene partial sequence

CP094933.1:35180-36591 P: Im strain HD0315 2 complete gencme:

NR 148815.1:46-1457 Paraclostridium benzoelyticum strain JC272 168 rbosomal RNA partial sequence

B2

CP032452.1:2141977-2143388 Paraclostridium bifermentans strain Cbm chromosorre

Figure 5 Phylogenetic tree of sample B2

According to Figueiredo et al. (2020), Clostridium sp. bacteria functions in a variety of contexts, giving agro-ecological
advantages in plant growth promotion and involvement in industrial processes, and substituting chemicals that are damaging to
the environment in both situations. This study was also supported by Zeiller et al. (2015) stated that inoculation of Clostridium
botulinum 2301 spores on clover seedlings resulted in increased plant development and was effective for bacterial and
endophytic colonization of the rhizosphere. For that reason, it has been proven that certain Clostridium sp. may be beneficial
as plant growth-promoting components in biofertilizers to be applied on plants.

3.4 Indole Acetic Acid and Aminolevunilic Acid Assays

Since all samples were categorized as Paraclostridium family, the representative bacterial samples isolated from PNSBEM (A1)
and nutrient agar (B2) were chosen for IAA detection using Salkowski's technique. As shown in Figure 5, the IAA concentration
in A1 sample increased from 2.50 g/mL to 22.17 g/mL, 43.83 g/mL, 49.17 g/mL, 74.50 g/mL, 79.50 g/mL, and 82.17 g/mL after
7 days of observation. For A2 sample, the IAA concentration also displays an improvement from 65.50 ug/mL, 90.50 pug/mL,
123.50 pg/mL, 131.50 pg/mL, 151.17 pyg/mL, 150.50 pg/mL and 205.83 pug/mL throughout 7 days of observation as in Figure 6.
Figure 7 depicts the escalation of absorbance readings and IAA concentrations over 7 days of observation on biofertilizer. The
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IAA concentrations recorded were 334.83 g/mL, 357.17 g/mL, 412.17 g/mL, 472.17 g/mL, 490.5 g/mL, 620.5 g/mL, and 728.5
g/mL.
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Figure 5 Growth and IAA concentration vs day for sample A1.
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Figure 6 Growth and IAA concentration vs day for sample B2
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Figure 7 Growth and IAA concentration vs day for biofertilizer.

The augmentation in IAA concentration in fertilizer was much higher than isolated bacteria due to the fact that maybe
some more functional bacteria expressed more indolic compounds. To support this, research by Wongkiew et al. (2022) stated
that the prominent bacterial groups found in most fertilizers are Bacteroidia (0.3-43.8%), Bacilli (0.3— 15.8%),
Alphaproteobacteria (0.0-14.4%) and Clostridia (0.2-1.3%).

As stated by Fu et al. (2015), IAA is the primary auxin in plants, controlling cell division and elongation, tissue
differentiation, apical dominance, and responses to light, gravity, and pathogens. IAA production by bacteria has been observed
to vary between species and strains, and it is also regulated by culture conditions, growth stage, and substrate availability
(Sridevi and Mallaiah, 2007). Since I1AA is the secondary 49 metabolite, its peaking time is much later compared to ALA. Studies
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show that IAA would reach the highest production at day 6-7 (Bunsangiam et al., 2019). Therefore, elucidates the impression
that bacteria will metabolize auxin for plants starting from the 7t day after they are added to the plant.

Sample A1, as shown in Figure 8, displays a continuous increment in absorbance and ALA content from day 1 to day 5,
followed by a rapid drop on days 6 and 7. The ALA concentrations were recorded as 22.3 g/mL, 30.3 g/mL, 43.9 g/mL, 54.3
g/mL, 83.3 g/mL, 40.3 g/mL, and 48.3 g/mL. These results suggest that Paraclostridium benzoalyticum is the best to be used
as fertilizer starting from the second day onward. Figure 9 depicts the absorbance reading and ALA concentration for sample
B2 from day 1 to day 7 of observation as follows: 107.3 g/mL, 61.3 g/mL, 67.3 g/mL, 42.3 g/mL, 21.3 g/mL, 14.3 g/mL, and 20.3
g/mL.
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Figure 8 Growth and ALA concentration vs day for sample A1.
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Figure 9 Growth and ALA concentration vs day for sample B2.
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Figure 10 Growth and IAA concentration vs day for biofertilizer.
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Using biofertilizer, the absorbance reading, and ALA concentration shows constant reduction throughout 6 days of
observation. In particular, the ALA concentration in biofertilizers was recorded as 244.3 ug/mL, 146.3 ug/mL, 135.3 pg/mL, 53.3
pg/mL, 27.3 pg/mL and 22.3 pg/mL as in Figure 10. Even though the ALA concentration recorded a decrease, a research study
by Kai et al. (2020) highlighted that at relatively low quantities, ALA increased plant growth. Low ALA concentrations promote
chlorophyll synthesis, photosynthetic activity, growth rates, respiration efficiency, and growth control in plants while high levels
of ALA cause the formation of numerous chlorophyll intermediates, including protochlorophyllide and protoporphyrin X (PPIX).

In general, the C4 and C5 pathways regulate ALA production. ALA is produced by the enzyme ALA synthase, which is
represented by the hemA or hemT gene and catalyzes the condensation of succinyl-CoA and glycine. According to Zhang et al
(2013), the expression of hemA and hemT can be readily repressed, interrupting 5-ALA synthesis, because both genes are
extremely sensitive to changes in the mechanism and feedback inhibition. As a result, it may be believed that the bacteria
present in the fertilizer may disrupt hemA and hemT expression, resulting in ALA synthesis failure. Furthermore, according to a
study by Chen et al (2020), the imbalanced 5-ALA biosynthetic pathway and TCA cycle may have contributed to the decline in
5-ALA production level and biomass. ALA production was first increased and then decreased along with the decrease in
intracellular phosphoenolpyruvate carboxylase (PPC) activity, similar to the effect of regulating ALA synthase expression. The
excessive consumption of succinyl-CoA by the aminolevulinic acid ALAS enzyme may slow down the TCA cycle and alter energy
metabolism, causing a trade-off effect such as growth inhibition (Chen et al. 2020).

4.0 CONCLUSION

Based on the findings, the isolated bacteria from the homemade biofertilizer all showed Gram-positive with negative catalase
enzyme and are non-pathogenic. The identified bacteria were Paraclostridium spp., especially Paraclostridium benzoalyticum
and Paraclostridium bifermentans. The homemade fertilizer produces IAA in both bacteria and biofertilizers. but implausible ALA
production. Since it can express auxin components such as IAA but not ALA, it may be assumed that this biofertilizer has the
potential to be an efficient biofertilizer.
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