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Abstract

This study focuses on isolating and identifying bacterial and fungal decomposers with potential for
environmentally sustainable crop residue management and soil fertility improvement. A total of 122
lignocellulolytic microorganisms (80 bacteria and 42 fungi) were isolated from crop residues, termite
guts, and vermicompost. Among these, 18 promising isolates (12 bacterial and 6 fungal) were further
characterized. Qualitative screening revealed strong cellulolytic activity in all isolates, evidenced by
clear halo zones on CMC agar (Congo red staining). Notably, isolates CRDB34, CRDB42, and CRDF25
exhibited high B-glucosidase activity, while CRDF8, CRDF10, CRDB78, and CRDF25 showed significant
xylanase and pectinase production. Quantitative assays demonstrated robust enzymatic potential:
CMCase (15.2-137.0 IlU/mL), FPase (8.6-129.8 IU/mL), and chitinase (4.7-21.7 IU/mL). Isolates CRDB52
(highest CMCase) and CRDF32 (highest xylanase, chitinase) emerged as top performers. Biochemical
tests indicated diverse metabolic traits, including amylase activity, fermentation, catalase production,
and ammonia generation, highlighting niche-specific adaptations. Notably, select isolates exhibited
plant growth-promoting potential, with indole-3-acetic acid (IAA) production (up to 461.9 pg/mL) and
phosphate solubilization (up to 600 ug/mL). Molecular identification confirmed Bacillus haynesii (CRDB-
24), Bacillus altitudinis (CRDBA48), Bacillus stratosphericus (CRDB52), Fusarium oxysporum (CRDF8), and
Aspergillus fumigatus (CRDF32) as key decomposers, supported by 16S rRNA/ITS sequencing (92%-
100% similarity). These isolates align with prior reports on lignocellulose. The study underscores the
biotechnological potential of these isolates for sustainable residue management, offering enzymatic
versatility and nutrient-mobilizing traits critical for agricultural applications.
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INTRODUCTION

Crop residue decomposition is a
fundamental process in sustainable agriculture, as
it contributes significantly to nutrient recycling, the
buildup of soil organic matter, and improvement
of soil physical properties.® Agricultural fields
generate large quantities of residues such as rice
straw, wheat stubble, and sugarcane trash, which,
if efficiently degraded, can serve as valuable inputs
to maintain soil fertility and reduce dependency
on chemical fertilizers. The breakdown of these
plant residues is primarily facilitated by soil
microorganisms, particularly bacteria and fungi,
that secrete extracellular enzymes such as
cellulases, xylanases, chitinases, and ligninases.?
These enzymes play a vital role in degrading the
complex lignocellulosic matrix of crop residues,
thereby releasing essential nutrients such as
nitrogen (N), phosphorus (P), potassium (K), and
sulfur (S) back into the soil .3

Among microbial decomposers,
bacterial genera such as Bacillus, Pseudomonas,
and Actinomycetes are well-documented for
their ability to produce potent cellulolytic and
ligninolytic enzymes, making them effective
agents in residue breakdown.* Likewise, fungal
genera including Aspergillus, Trichoderma, and
Penicillium are known for their robust enzymatic
activity that enhances the degradation of cellulose,
hemicellulose, and lignin.> The action of these
microbes accelerates the decomposition process
and enhances soil biological activity, contributing
to long-term soil health.

The isolation and identification of
efficient microbial decomposers is a key step in
the development of effective, eco-friendly residue
management practices. Microorganisms isolated
from decomposing crop residues often produce a
wide spectrum of extracellular enzymes-such as
cellulases, xylanases, chitinases, and pectinases-
that target various structural components of the
plant cell wall.® Bacillus spp., in particular, has
been widely studied for their cellulolytic and
lignocellulolytic potential, which allows them to
degrade tough cellulose structures efficiently.®
Fungal strains like Aspergillus and Fusarium also
exhibit strong enzymatic capabilities, particularly
in the hydrolysis of complex polysaccharides

like cellulose and chitin.” In addition to their
degradative functions, many of these microbial
isolates are known to possess plant growth-
promoting (PGP) attributes, such as indole-3-acetic
acid (IAA) production, phosphate solubilization,
and siderophore secretion, further enhancing their
utility in sustainable crop production systems.?

The application of microbial inoculants
composed of efficient residue-decomposing strains
has emerged as a promising strategy to enhance
decomposition rates and improve soil nutrient
dynamics. Traditional culture-based isolation
methods, combined with molecular techniques
such as 16S rRNA and internal transcribed spacer
(ITS) sequencing, are instrumental in characterizing
microbial diversity and functional traits associated
with residue degradation.®

Therefore, the present study focuses on
the isolation and characterization of cellulolytic
microorganisms from diverse crop residue sources.
The objectives include screening for enzyme-
producing bacteria and fungi, evaluating their
cellulolytic and ligninolytic enzyme activity, and
assessing their potential contribution to nutrient
release and soil fertility improvement. The
findings are expected to support the formulation
of microbial consortia for effective crop residue
decomposition and promote sustainable residue
management in agricultural systems.

MATERIALS AND METHODS

Isolation and identification of residue decomposer
microorganisms
Sample collection

Soil and partially decomposed crop
residues, including rice straw, wheat stubble,
sugarcane trash, and organic matter associated
with decomposers such as termite nests,
earthworm casts, snail feces, cow dung, and
vermicompost, were collected from agricultural
fields under diverse cropping systems. Samples
were obtained from the top 0-15 cm of soil and
adjacent residue-rich zones to ensure the presence
of active microbial communities. All collected
samples were placed in sterile polyethylene bags
or containers and transported to the laboratory
under refrigerated conditions (4 °C) for subsequent
microbial isolation.
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Isolation of bacteria and fungi

Microbial isolation was carried out
using standard serial dilution and spread plate
techniques. For bacterial isolation, 1 g of each
sample was suspended in 9 mL of sterile distilled
water and serially diluted up to 10°%. Aliquots
(0.1 mL) from appropriate dilutions were spread
onto nutrient agar (NA), carboxymethyl cellulose
(CMC) agar, and lignin-supplemented media to
selectively screen for cellulolytic and ligninolytic
bacteria. The plates were incubated at 28 + 2 °C for
24-48 hours. Colonies exhibiting clear hydrolysis
zones on CMC and lignin media were preliminarily
identified as cellulase- or ligninase-producing
bacteria and were selected for further purification
and characterization.

For fungal isolation, a similar dilution
procedure was followed. Diluted suspensions
were plated on Potato Dextrose Agar (PDA) and
Czapek-Dox Agar supplemented with 100 pg/mL
streptomycin and 50 pg/mL chloramphenicol to
suppress bacterial growth. Plates were incubated
at 28 + 2 °C for 5-7 days. Morphologically distinct
fungal colonies were sub-cultured onto fresh PDA
plates to obtain pure isolates. All purified bacterial
and fungal isolates were maintained on slants at
4 °C and in glycerol stocks at -20 °C for further
enzymatic and molecular studies.®

Enzymatic screening
Cellulase activity

Cellulase production was qualitatively
assessed on agar medium supplemented with
1% carboxymethylcellulose (CMC). Plates were
incubated at 28 + 2 °C for 48 hours, stained with
0.1% Congo red for 15 minutes, and destained with
1 M NaCl. The formation of clear zones around
colonies indicated cellulase activity.!* Quantitative
cellulase activity was estimated by measuring
reducing sugars released from CMC using the DNS
method as described by Mandels and Weber.*?
Absorbance was measured at 540 nm. One unit
(1U) of cellulase activity was defined as the amount
of enzyme releasing 1 umol of glucose per minute
under assay conditions.

Xylanase activity

Xylanase-producing isolates were
screened on agar plates containing oat spelt
xylan as the carbon source and incubated at 28

+ 2 °C for 48 hours. Congo red (0.1%) was used
for staining, followed by 1 M NacCl destaining
to visualize hydrolysis zones.®® Quantitative
xylanase activity was assayed using 4-O-methyl-
D-glucuronoxylan as the substrate, and enzyme
activity was expressed in IU, with one unit defined
as the amount of enzyme that released 1 umol of
xylose equivalents per minute.*

Pectinase activity

Pectinolytic activity was evaluated by
growing isolates on agar plates containing citrus
pectin. After incubation, the plates were treated
with 1% iodine solution to reveal clear zones.™

For quantitative analysis, the DNS method
was used to measure the release of reducing
sugars from pectin. Absorbance was recorded at
540 nm, and enzyme activity was expressed in IU
using galacturonic acid as the standard.*®

Chitinase activity

Chitinase activity was qualitatively
evaluated on colloidal chitin agar. Clear halos
surrounding colonies indicated enzymatic
degradation of chitin.” For quantitative
analysis, 4-methylumbelliferyl B-D-N,N'
-diacetylchitobioside was used as a substrate.
The release of fluorescent product was measured
spectrophotometrically, and chitinase activity was
expressed in 1U.*®

Filter paper activity (FPase)

Filter paper-degrading activity was
assessed following the IUPAC standard method. A
strip of Whatman No. 1 filter paper (50 mg) was
incubated with 0.5 mL enzyme extractand 1.5 mL
of 50 mM citrate buffer (pH 4.8) at 50 °C for 1 hour.
The reaction was stopped with 3 mL DNS reagent,
boiled, and cooled. Absorbance was read at 540
nm. Enzyme activity was calculated as IU based on
a glucose standard curve.®

[B-Glucosidase Activity

Qualitative detection of B-glucosidase
was done on agar containing esculin and ferric
ammonium citrate. The formation of dark brown
or black halos indicated enzyme activity.?

Quantitative activity was determined
using p-nitrophenyl-B-D-glucopyranoside (pNPG)
as substrate. The reaction mixture (0.5 mL enzyme
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extract + 0.5 mL5 mM pNPG in citrate buffer) was
incubated at 50 °C for 30 minutes, and the reaction
was terminated with 2 mL1 M Na_CO,. Absorbance
was read at 400 nm, and activity was expressed in
IU using a p-nitrophenol standard curve.*

Biochemical characterization
Casein hydrolysis (protease activity)

To investigate protease production,
bacterial strains were inoculated on nutrient agar
enriched with casein and incubated at 28 °C for
up to 7 days. Proteolytic activity was identified by
the appearance of transparent zones surrounding
bacterial growth, indicating the breakdown of
casein proteins into simpler peptides and amino
acids.?

Ammonification

The potential of isolates to release
ammonia was tested by culturing them in
peptone water at 28 + 2 °C for 48 to 72 hours.
After incubation, 0.5 mL of Nessler’s reagent was
added to each culture. A shift in color from pale
yellow to dark brown signified the accumulation
of ammonia, thereby confirming ammonifying
activity.?®

Indole-3-Acetic Acid (IAA) Production

IAA production was measured using a color-
based method. Isolates were cultured in nutrient
broth containing tryptophan as a precursor. After
incubation, culture filtrates were mixed with
Salkowski’s reagent (in a 1:2 ratio) and left in the
dark for 30 minutes. A pink coloration indicated
IAA synthesis, and absorbance was recorded at
530 nm to estimate concentration using a standard
curve.?

Phosphate solubilization

To assess phosphate solubilizing capacity,
isolates were initially spotted on Pikovskaya’s agar,
and the appearance of clear halos around colonies
was taken as evidence of solubilization. For
guantitative determination, isolates were grown
in liguid NBRIP medium under shaking conditions.
Afterincubation, the supernatants were harvested
and analyzed spectrophotometrically at 660 nm.
The soluble phosphate content was calculated by
comparing values to a standard curve prepared
with KH,PO,.2¢

Molecular identification of bacterial and fungal
isolates

To determine the taxonomic identity of
the isolated bacterial strains, genomic DNA was
extracted and the 16S rRNA gene was amplified
using the forward primer GGATGAGCCCGCGGCCTA
and the reverse primer CGGTGTGTACAAGCCCGGG.
Polymerase Chain Reaction (PCR) amplification
was carried out using a thermal cycler with a
high-fidelity DNA polymerase. The resulting PCR
products were then separated and visualized using
agarose gel electrophoresis. Sanger sequencing
was performed to determine the nucleotide
sequence of the amplified 16S rRNA gene. The
obtained sequences were subsequently compared
against the National Center for Biotechnology
Information (NCBI) Basic Local Alignment Search
Tool (BLAST) database for taxonomic identification
and deposited into GenBank.?

For fungal isolates, genomic DNA was
extracted using the Cetyltrimethylammonium
Bromide (CTAB) method. The Internal Transcribed
Spacer (ITS) region of the ribosomal DNA
was amplified using the ITS1 forward primer
GGAAGTAAAAGTCGTAACAAGG and the ITS4
reverse primer TCCTCCGCTTATTGATATGC. PCR
amplification was performed under the following
conditions: initial denaturation at 94 °C for 5
minutes, followed by 35 cycles of denaturation
at 94 °C for 30 seconds, annealing at 53 °C for 1
minute, and extension at 72 °C for 1 minute. The
purified PCR products were then sequenced, and
the resulting sequences were compared with
entries in the GenBank database using BLAST for
taxonomic identification.?

RESULTS

Qualitative characterization of isolated
Lignocellulolytic microorganisms

Table 1 summarizes the qualitative
enzyme activities of 18 microbial isolates, including
12 bacteria and 6 fungi, collected from various
environments such as termite and earthworm
guts, vermicompost, and decomposing crop
residues. The isolates were tested for their ability
to produce extracellular polysaccharides (EPS)
using Congo red staining, as well as for enzymatic
activities involved in breaking down complex plant
materials: B-glucosidase, xylanase, chitinase,
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Table 1. Qualitative characterization of isolated crop residues decomposing bacterial and fungal isolates isolated

from different sources

Isolates Source of Zone [B-glucosidase Xylanase Chitinase Pectinase
Code sample formation by

collection Congo red
CRDB38 Termite gut +++ +++ +++ +++ +++
CRDB39 Termite gut +++ +++ +++ +++ +++
CRDB47 Earthworm gut +++ +++ +++ +++ +++
CRDB48 Rice Residue +++ +++ +++ +++ +++
CRDB52 Wheat Residue +++ ++ +++ 4+ 4+
CRDB78 Wheat residue +++ +++ +++ +++ ++
CRDB34 Termite gut +++ + +++ +++ +++
CRDB42 Termite gut +++ + +4++ +++ +++
CRDB46 Earthworm gut +++ +++ +++ +++ +++
CRDB55 Earthworm gut +++ +++ +++ +++ -
CRDB12 Earthworm gut +++ - ++ +++ 4
CRDB24 Vermicompost +++ +++ +++ +++ +++
CRDF23 Sugarcane residues +++ +++ +++ +4++ +++
CRDF10 Decompose rice residues +++ +++ ++ +++ +++
CRDF8 Termite +++ +++ ++ +++ +++
CRDF25 Cow dung +++ + - +++ ++
CRDF32 Earthworm gut +++ +++ +++ +++ +++
CRDF33 Earthworm gut +++ +++ +++ +++ +++

Note- Positive (+), Medium positive (++), High positive (+++), Negative (-)

and pectinase. All isolates showed strong Congo
red staining (+++), indicating significant EPS
production, which is important for forming
biofilms and facilitating cellulose degradation
(Figure 1). In terms of B-glucosidase activity, which
is crucial for converting cellobiose into glucose,
most isolates including CRDB38, CRDB39, CRDB48,
CRDF23, and CRDF32 exhibited high activity
(+++). However, CRDB12 and CRDB55 lacked this
activity (-), suggesting limited ability to process
cellobiose. Some isolates like CRDB34 and CRDB42
showed low (+), and CRDB52 and CRDF10 showed
moderate (++) B-glucosidase activity (Figure 2).
Xylanase activity, responsible for breaking down
hemicellulose, was also strong (+++) in most
isolates such as CRDB38, CRDB47, CRDF23, and
CRDF32. A few isolates like CRDF25, from cow
dung, showed no detectable xylanase activity
(-), while CRDF8, CRDF10, and CRDB12 showed
moderate (++) activity (Figure 3). All isolates
demonstrated strong chitinase activity (+++),
reflecting their ability to degrade chitin, which is
found in fungal cell walls and insect exoskeletons
(Figure 4). Regarding pectinase activity, which

breaks down pectin in plant cell walls, most
isolates, including CRDB38 and CRDF23, had high
activity (+++). Exceptions were CRDB55, which
showed no activity (-), and CRDB78 and CRDF25,
which had moderate (++) pectinase activity
(Figure 5).

Quantitative characterization of bacterial and
fungal isolates

The biochemical characterization of
bacterial and fungal isolates revealed diverse
enzymatic profiles and metabolic capacities. The
activities of CMCase, FPase, pectinase, chitinase,
and B-glucosidase varied widely among the
isolates, ranging from 15.2 to 137.0, 8.60 to 129.8,
3.25t022.5,2.02t020.2,and 4.68 t0 21.7 lU/mL,
respectively (Table 2). CMCase (endoglucanase)
activity ranged from 15.23 to 137.04 IU/mL. The
highest CMCase activity was recorded in isolate
CRDB52 (137.04 IU/mL), while the lowest was
observed in CRDF8 (15.23 IU/mL). On average,
bacterial isolates exhibited higher CMCase activity
than fungal strains. In case of FPase (total cellulase)
activity varied from 3.98 to 129.82 IU/mL. Notably,
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Figure 1. Hydrolysis Zones on CMC Agar Showing Cellulase Activity of Potential Isolates (A) CRDB-24, (B) CRDB-48,
(C) CRDB-52, (D) CRDF-8, (E) CRDF-32

Figure 2. B-Glucosidase activity exhibited by potential microbial isolates (A) CRDB-24, (B) CRDB-48, (C) CRDB-52,
(D) CRDF-8, (E) CRDF-32
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Figure 3. Hydrolysis zones on Xylan agar medium showing xylanase activity of potential isolates (A) CRDB-24, (B)
CRDB-48, (C) CRDB-52, (D) CRDF-8, and (E) CRDF-32

Figure 4. Hydrolysis zones on chitin agar medium showing chitinase activity of potential isolates (A) CRDB-24, (B)
CRDB-48, (C) CRDB-52, (D) CRDF-8, and (E) CRDF-32
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Table 2. Quantitative analysis of crop residues decomposing enzymes of isolated crop residues decomposing

bacterial isolates

Isolates CMC-ase FP-ase [B-glucosidase [B-glucosidase Xylanase Pectinase  Chitinase
Code (lU/mL)  Filter paper in Nutrient broth in Luria broth  (IU/mL) (IU/mL) (IU/mL)
(lu/mL) (1u/mL) (lu/mL)

CRDB38 56.9 10.3 88.9 117.3 5.49 3.41 8.53
CRDB39 63.3 26.6 100.5 73.5 7.41 2.76 7.2
CRDB47 23.5 3.98 71.9 90.9 3.25 2.46 10.7
CRDB48 113.9 37.1 97.3 143.2 9.23 3.99 9.72
CRDB52 137.0 32.2 106.1 142.3 10.2 5.21 11.4
CRDB78 97.4 23.1 111.4 128.4 8.55 2.97 9.50
CRDB34 82.2 13.2 113.2 111.1 5.70 4.20 4.68
CRDB42 110.5 28.5 88.9 142.3 4.54 3.58 9.50
CRDB46 33.9 17.2 57.9 111.4 3.99 2.27 9.77
CRDB55 85.1 17.6 97.3 94.8 8.05 2.02 10.2
CRDB12 61.7 8.60 24.6 125.1 6.86 3.74 9.48
CRDB24 113.9 38.5 111.4 156.3 7.49 4.54 8.69
CRDF23 16.5 94.9 110.3 58.2 12.8 13.3 17.0
CRDF10 19.2 97.4 37.1 71.4 12.2 13.3 19.3
CRDF8 15.2 129.8 123.8 80.5 13.0 20.2 19.6
CRDF25 30.6 85.1 100.6 71.7 20.1 13.9 13.3
CRDF32 33.6 123.9 123.2 74.8 22.5 14.5 21.7
CRDF33 24.0 80.4 75.3 68.1 5.63 17.6 17.9
Minimum 137.04 129.82 123.80 156.33 22.5 20.21 21.7
Maximum 15.23 3.98 24.56 58.23 3.25 2.02 4.68
Mean 62.13 48.24 91.08 103.40 9.28 7.44 12.11
SD 38.85 40.43 27.22 30.37 5.10 5.91 4.71
CV (%) 62.53 83.81 29.88 29.37 54.99 79.48 38.89

CRDF32 (123.9 IU/mL) and CRDF8 (129.8 IU/mL)
showed the highest FPase levels. Fungal isolates
generally demonstrated significantly higher
FPase activity compared to bacterial strains (p
< 0.01). B-Glucosidase activity was evaluated in
both nutrient broth and Luria broth. In nutrient
broth, values ranged from 24.56 t0 123.80 IU/mL,
with CRDF8 showing the highest activity. In Luria
broth, values ranged from 58.23 t0 156.33 IU/mL,
with CRDB24 exhibiting the highest production.
On average, B-glucosidase activity increased by
approximately 13.5% in Luria broth compared to
nutrient broth. Xylanase activity ranged from 3.25
to 22.5 lU/mL. CRDF32 and CRDF25 recorded the
highest activities at 22.5 IU/mL and 20.1 IU/mL,
respectively. Pectinase activity varied between
2.02 and 20.21 1U/mL. CRDF8 exhibited the highest
pectinase activity, while CRDB55 had the lowest.
On average, fungal isolates produced pectinase
at levels approximately 3.2 times higher than
bacterial isolates. Chitinase activity was relatively

consistent across isolates, ranging from 4.68 to
21.7 IU/mL. The highest value was observed in
CRDF32, with the overall mean activity being 12.11
IU/mL. Statistical analysis revealed that FPase
and pectinase activities exhibited the highest
variability among isolates, with coefficients of
variation (CV) of 83.81% and 79.48%, respectively.
In contrast, B-glucosidase activity showed the
lowest variability, with CVs between 29.37% and
29.88%, indicating stable enzyme production
across isolates and media types.

Biochemical characterization of bacterial and
fungal isolates

The following (Table 3) summarizes the
results of several biochemical tests conducted
on various bacterial and fungal isolates. The
outcomes are represented semi-quantitatively
using a graded scale based on the intensity of
the observed reactions. The designations are
defined as follows: ‘+++’ indicates a strong positive
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Table 3. Biochemical characterization of isolated crop residues decomposing bacterial and fungal isolates from
different sources

Isolates Amylase Fermentation Catalase H,S Methyl red Ammonia
Code Test Test Test Test Test production
CRDB38 +++ ++ ++ - +++ 4+
CRDB39 +++ +++ +++ ++ ++ +++
CRDB47 +++ +++ +++ - ++ +++
CRDB48 +++ +++ +++ - ++ +++
CRDB52 +++ + + - ++ ++
CRDB78 ++ +++ +++ - ++ -
CRDB34 +++ +++ ++ + +++ +++
CRDB42 +++ +++ ++ - + +++
CRDB46 +++ +++ ++ +++ +++ ++
CRDB55 - + +++ - - -
CRDB12 - ++ ++ ++ +++ +++
CRDB24 +++ +++ ++ - +++ +++
CRDF23 +++ - ++ +++ +++ +
CRDF10 + ++ +++ +++ + +
CRDF8 - - +++ +++ -

CRDF25 + +++ +++ - +++ ++
CRDF32 - - + +++ - +
CRDF33 +++ - +++ - - +

Note: The symbols indicate reaction strength: strong positive (+++) marked color change or strong activity, moderate positive
(++) clear reaction, weak positive (+) slight change, and negative (-) no visible reaction

reaction, characterized by a distinct and intense  CRDB39, CRDB42, CRDB46, CRDB47, CRDB438,
color change or vigorous visible response (e.g., CRDB78, and CRDF25, suggesting efficient sugar
strong effervescence in the catalase test); ‘++ metabolism under anaerobic conditions. Moderate
denotes a moderate positive reaction, with clear  fermentation (‘++’) was seen in CRDB12, CRDB23,
but moderate color development or reaction and CRDF10, while CRDB10, CRDB52, and CRDB55
intensity; ‘+’ represents a weak positive reaction, = showed weak fermentation (‘+’). CRDF23, CRDFS,
with faint or minimal color change or visible and CRDF33 were unable to ferment the tested
activity; and ‘-’ signifies a negative result, marked  sugar(s) (‘-’). Catalase activity, indicative of the
by the absence of any observable color change  ability to degrade hydrogen peroxide, was strongly
or reaction. This scale provides a standardized  positive (‘“+++’) in CRDB46, CRDB47, CRDB4S8,
framework for evaluating the biochemical = CRDB55, CRDB78, CRDF10, CRDF8, and CRDF25.
characteristics of the tested isolates. A significant ~ Moderate activity (‘++’) was noted in CRDB12,
number of isolates (CRDB10, CRDB24, CRDB34, CRDB23, CRDB24, CRDB34, CRDB38, CRDB39,
CRDB38, CRDB39, CRDB42, CRDB46, CRDB47, and CRDB42. Weak activity (‘+’) was recorded
CRDB48, CRDB52, CRDF23, CRDF33) exhibit strong  in CRDB10, CRDB52, CRDF23, and CRDF32. For
amylase activity, indicated by the “+++ results.  H.S production, isolates such as CRDB10, CRDB12,
This suggests these isolates possess the ability = CRDB23, CRDB34, CRDB39, CRDB46, CRDF10,
to hydrolyze starch into simpler sugars. Isolates CRDF23, CRDF8, and CRDF32 tested positive,
CRDB78 and CRDF10 showed moderate (‘++')and  confirming their potential to reduce sulfur
weak (‘+’) activity, respectively, while CRDB12, compounds. However, isolates like CRDB24,
CRDB23, CRDB55, CRDF8, and CRDF32 showed CRDB38, CRDB42, CRDB47, CRDB48, CRDB52,
negligible to no amylase activity. Fermentationtest =~ CRDB55, CRDB78, CRDF25, and CRDF33 showed
results varied among isolates. Strong fermentation  no detectable H_S production (‘-’). In the Methyl
activity (‘+++’) was observed in CRDB24, CRDB34,  Red test, which detects stable acid end-products
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Table 4. Molecular identification of the isolates

Isolates Organism Accession Sequence Similarty
number length

CRDB24 Bacillus haynesii LC891910 1531 bp 92.23%

CRDB48 Bacillus altitudinis LC891911 648 bp 97.14%

CRDB52 Bacillus stratosphericus LC891912 1492 bp 95.93%

CRDF8 Fusarium oxysporum LC891913 720 bp 100%

CRDF32 Aspergillus fumigates LC891914 987 bp 93.41%

from glucose fermentation, isolates CRDB12,
CRDB23, CRDB24, CRDB34, CRDB38, CRDB39,
CRDF23, and CRDF25 were strongly positive
(‘+++’). CRDB10, CRDB47, CRDB48, and CRDB52
showed moderate acid production (‘++’), while
CRDB42 and CRDF10 showed weak acid production
(‘+’). CRDB55, CRDF8, and CRDF33 were negative
(*’) for this test. Ammonia production, indicating
amino acid deamination, was strong (‘+++’) in
isolates CRDB12, CRDB23, CRDB24, CRDB34,
CRDB38, CRDB39, CRDB42, CRDB47, CRDB48, and
CRDF25. Isolates CRDB52 and CRDF10 showed

weak production (‘+’), while CRDB10 and CRDF23
showed moderate production (‘++’). No detectable
ammonia was produced by CRDB55 and CRDB78.

IAA production and phosphate solubilization by
microbial isolates

The Figure 1 shows the IAA (Indole-
3-acetic acid) production and Phosphate
solubilization of various microbial isolates. The
production of Indole-3-acetic acid (IAA) by the
isolated microorganisms was evaluated under
two conditions: without the addition of its

Figure 5. Hydrolysis zones on pectin agar medium showing pectinase activity of potential isolates (A) CRDB-24, (B)
CRDB-48, (C) CRDB-52, (D) CRDF-8, and (E) CRDF-32
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precursor, tryptophan, and with tryptophan
supplementation. The quantified IAA levels are
expressed in micrograms per milliliter (ug/mL).
A subset of isolates, including CRDB10, CRDB24,
CRDF8, and CRDF10, demonstrated high levels of
IAA production even without added tryptophan,
with values exceeding 200 ug/mL, where CRDFS8
exhibited the highest production at 461.9 ug/
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mL. A larger group of isolates, namely CRDB12,
CRDB23, CRDB38, CRDB42, CRDB46, CRDB47,
CRDB48, CRDB52, and CRDF23, showed moderate
IAA production, ranging from approximately
100 to 200 pg/mL. In contrast, isolates CRDB34,
CRDB39, CRDB55, CRDB78, CRDF25, CRDF32,
and CRDF33 produced relatively low levels of
IAA, with values below 100 ug/mL, and CRDB34
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exhibited the lowest IAA production in the absence
of tryptophan at 13.46 ug/mL (Figure 6). Upon
supplementation with tryptophan, a general
increase in IAA production was observed for the
majority of the tested isolates, indicating the
utilization of tryptophan as a precursor in their IAA
biosynthesis pathways. Isolates CRDB24, CRDB34,
CRDB38, CRDB48, and CRDF8 showed the most
substantial increases in IAA production in the
presence of tryptophan, reaching values above
290 pg/mL, with CRDB48 exhibiting the highest IAA
production with tryptophan supplementation at
433.08 pg/mL. Isolates CRDB12, CRDB46, CRDF23,
and CRDF25 also demonstrated significant
increases in IAA production with tryptophan,

ranging from approximately 230 to 270 pg/mL
(Figure 7). Interestingly, isolates CRDB10 and
CRDF10 showed a decrease in IAA production
when tryptophan was added. Isolates CRDB55
and CRDF33 consistently showed the lowest
IAA production levels even with the addition of
tryptophan.

The capacity of the isolated
microorganisms to solubilize phosphate, measured
in micrograms per milliliter (ug/mL), varied
considerably. A group of isolates, specifically
CRDB10, CRDB38, CRDB48, CRDB52, CRDF10,
CRDF23, and CRDF32, displayed a relatively strong
ability to solubilize phosphate, yielding values
exceeding 10 pg/mL. Among these, isolate CRDB52

Phosphate solubilization (ng/mL)
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Figure 8. Phosphate solubilization of various microbial isolates

A: Lane- 1, 2, 3 strains CRDB24, CRDB48 and CRDB52

B: Lane-2 and 3 strain CRDF8 and CRDF32

Figure 9. Amplification of 16S rRNA gene from the isolates using universal primers. A: Lanes L: 100 bp DNA ladder;
1: CRDB24; 2: CRDBA4S; 3: CRDB52. The arrow indicates 16S rDNA specific amplified product of 1.3 to 1.5 kb. B:

Lane 2 and 3 strain CRDF8 and CRDF32
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exhibited the peak solubilization within the group
at 10.25 pg/mL, while CRDF10 demonstrated the
highest overall phosphate solubilization across all
tested isolates, reaching 10.6 pug/mL. In contrast,
a larger number of isolates, including CRDB24,
CRDB34, CRDB46, CRDB47, CRDB55, CRDB78,
CRDF8, and CRDF33, showed a moderate capacity
for phosphate solubilization, with values ranging
from approximately 3 to 10 ug/mL. Notably, isolates
CRDB12 and CRDB23 exhibited a weak ability to
solubilize phosphate, with values falling below 1
pg/mL. Singularly, isolate CRDF25 demonstrated a
remarkably high level of phosphate solubilization,
reaching 600 ug/mL, significantly surpassing
the performance of all other isolates (Figure 8).
This diverse range of phosphate solubilization
capabilities underscores the inherent variability
within microbial populations concerning their roles
in nutrient cycling.

Identification of bacterial and fungal isolates

Table 4 presents the molecular
identification of five selected microbial isolates,
chosen based on their superior enzymatic activity
profiles and biodegradation efficiency observed
during preliminary screening assays. These isolates
demonstrated the highest potential among all
tested strains in terms of lignocellulolytic enzyme
production, including CMCase, FPase, xylanase,
pectinase, and chitinase activities, making them
ideal candidates for residue decomposition
applications. In this study, three bacterial and
two fungal isolates were subjected to molecular
characterization to confirm their taxonomic
identity and further evaluate their relevance in
agricultural residue degradation. The isolates were
obtained from naturally decomposing wheat and
rice straw samples. Molecular identification was
performed through amplification and sequencing
of the 16S rRNA gene for bacteria and the internal
transcribed spacer (ITS) region for fungi.

The bacterial isolates were identified as
members of the Bacillus genus, which is widely
recognized for its ability to degrade complex plant
polymers and survive under diverse environmental
conditions. Specifically, Bacillus haynesii (CRDB-
24) shared 92.23% similarity with the reference
sequence LC891910 (1531 bp), Bacillus altitudinis
(CRDB-48) showed 97.14% similarity with
LC891911, and Bacillus stratosphericus (CRDB-52)

exhibited 95.93% similarity with LC891913 (1492
bp). These species have been previously reported
to produce cellulases, xylanases, and other
lignocellulolytic enzymes, making them effective
contributors to crop residue decomposition.

The two fungal isolates identified were
Fusarium oxysporum (CRDF-8) and Aspergillus
fumigatus (CRDF-32), both of which have been
extensively documented in the literature for their
roles in organic matter degradation and nutrient
cycling (Figure 9). Fusarium oxysporum (CRDF-
8) demonstrated 100% sequence similarity to
reference LC891913 (720 bp), indicating a high-
confidence match, while Aspergillus fumigatus
(CRDF-32) shared 93.41% similarity with LC891914
(987 bp).

DISCUSSION

The qualitative and quantitative screening
of bacterial and fungal isolates from diverse
crop residues in this study underscores a robust
lignocellulolytic potential within the examined
microbial community. All 18 isolates consistently
exhibited cellulolytic activity on CMC agar, as
indicated by clear zone formation, corroborating
the findings of Zhang et al.,®> and Ma et al.* These
earlier studies similarly reported the widespread
distribution of cellulolytic microbes in various
ecological niches, such as soils, decaying plant
matter, and termite guts, suggesting that the
capacity to degrade cellulose is a fundamental
and conserved trait among lignocellulolytic
microorganisms. The universal production of
extracellular polysaccharides (EPS) by all isolates,
demonstrated through pronounced Congo
red zones, aligns with existing understanding
that EPS secretion is a conserved microbial
strategy facilitating biofilm formation, resource
acquisition, and niche adaptation in complex
soil environments. This observation is consistent
with previous reports by Vu et al.?” and Saini and
Sharma et al.,” who emphasized that EPS secretion
facilitates microbial adhesion, biofilm formation,
and survival in competitive environments. Strong
EPS production enhances microbial efficiency
in decomposing plant biomass by improving
substrate accessibility and colonization.

Interestingly, B-glucosidase activity
displayed notable heterogeneity, with isolates
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such as CRDB12 and CRDB55 showing no
detectable activity, while others like CRDB38
and CRDB39 demonstrated strong (+++) activity.
These findings align with the work of Zhang et
al.,”® who documented strain-specific differences
in B-glucosidase production, suggesting that
such variability is influenced by ecological
niche specialization and substrate availability.
This suggests that while all isolates can initiate
cellulose degradation, their capacities to hydrolyze
cellobiose to glucose-a key step in complete
cellulose utilization-differ significantly, potentially
impacting their ecological roles in organic matter
decomposition.

Similarly, xylanase activity exhibited
a broad range, with CRDF25 lacking activity
and CRDF32 showing strong (+++) activity.
This finding resonates with Bhardwaj et al.,*
who emphasized the adaptive evolution of
microbial xylanase production in response to
hemicellulose-rich environments. The variation
in xylanase activity highlights the functional
diversity within the microbial community, enabling
effective decomposition of hemicellulose-rich
residues-a crucial step in the broader lignocellulose
degradation process.

Allisolates demonstrated strong chitinase
activity (+++), which supports the findings of
Gonfa et al.** and Govindaraji and Vuppu,®* who
described widespread chitinolytic potential among
soil fungi and bacteria, particularly in organic
matter-rich microhabitats. Pectinase activity was
also predominantly high, especially in isolates
like CRDF23, further confirming Govindaraji and
Vuppu.?! assertion that pectin degradation is
crucial for microbial penetration into plant tissues
and that enzyme expression is strongly substrate-
dependent.

Quantitative enzymatic profiling
corroborated the qualitative trends and revealed
significant diversity across isolates. CMCase
(endoglucanase) activity ranged from 15.23
to 137.04 U/mL, with CRDB52 exhibiting the
highest activity. Similar cellulase activity (120 1U/
mL) was reported by El-Sobky et al.,** in Bacillus
spp. isolated from termite guts, though the
present strain exhibits even higher activity (150
IU/mL). This suggests that the current isolate
may possess enhanced cellulose-degrading

capabilities, possibly due to genetic adaptations,
optimized enzyme kinetics, or more efficient
secretion mechanisms. FPase activity was notably
higher in fungal isolates, with CRDF8 and CRDF32
showing peak values of 129.82 and 123.90 1U/
mL, respectively. This finding aligns with the
work of Bhardwaj et al.,® who reported that
fungi such as Fusarium and Aspergillus produce
complex enzyme systems capable of efficiently
degrading crystalline cellulose-a trait seldom
observed in bacterial species. The present strain’s
comparable performance suggests potentially
unique enzymatic machinery or synergistic
cellulase interactions, which could bridge the
functional gap typically separating bacterial and
fungal lignocellulose degradation.

A particularly striking result was the
differential expression of B-glucosidase between
media types. In nutrient broth, CRDF8 exhibited
the highest activity (123.80 IU/mL), while CRDB24
achieved the maximum (156.33 1U/mL) in Luria
broth. These findings corroborate Zhang et
al.,”® who established nutrient availability as
a key determinant of B-glucosidase activity.
The significant media-dependent variations
observed suggest that strain selection for microbial
inoculants must consider both organismal potential
and substrate compatibility to ensure consistent
field performance. The xylanase activity in CRDF32
reached a peak of 22.5 IU/mL, showing a similar
trend to that reported by Kapoor et al.,** who
observed a comparable efficiency range of 20-25
IU/mLin Aspergillus spp. This parallel performance
between our bacterial isolate and established
fungal degraders suggests convergent evolutionary
adaptation for hemicellulose breakdown.
The maximal pectinase activity observed in
CRDF8 (20.21 1U/mL) aligns with reports from
Govindaraji and Vuppu.3! for specialized
lignocellulolytic soil fungi, indicating our bacterial
isolate has developed fungal-comparable
pectinolytic capability - an unusual trait that
may reflect niche adaptation or enzyme system
optimization. Chitinase activity across isolates
showed moderate variation but was generally high,
with CRDF32 again emerging as the top producer
(21.7 IU/mL). These values align with Gonfa et
al.,* who reported similar chitinase ranges in
compost-derived fungi. The consistently high
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chitinase activity highlights the potential of these
isolates not only for biomass degradation but also
for biological control applications.

Our biochemical characterization
revealed substantial enzymatic diversity among
the microbial isolates. Notably, several strains
(CRDB24, CRDB34, CRDB39) exhibited robust
amylase activity (+++), demonstrating exceptional
starch-hydrolyzing capacity. This finding aligns
with Alhazmi and Alshehri,** who reported similar
patterns in efficient decomposer communities. The
strong amylolytic potential observed suggests these
isolates are particularly well-adapted to starch-rich
environments. Strong fermentation activity was
observed in isolates such as CRDB24 and CRDB34,
while others like CRDF23 and CRDF8 showed none,
demonstrating clear metabolic diversity. This
aligns with Hasan et al.?®* and Zhao et al.,* who
emphasized the value of integrating conventional
assays with modern techniques (MALDI-TOF
MS) to enhance microbial identification and
functional profiling. Catalase activity, indicative
of an organism’s ability to decompose hydrogen
peroxide and withstand oxidative stress, was
detected in most isolates. Strong catalase activity
(“+++’) was observed in isolates such as CRDB46,
CRDB47, CRDB48, CRDB55, CRDB78, CRDF10,
CRDF8, and CRDF25. This suggests a high degree
of resilience under oxidative conditions, which
may confer an ecological advantage during
organic matter decomposition. These findings
are in agreement with Yuan et al.,*” who reported
catalase production as a crucial trait in microbes
inhabiting aerobic, stress-prone environments
such as agricultural soils undergoing residue
decomposition. Hydrogen sulfide (H,S) production,
a result of sulfur compound reduction, was
detected in multiple isolates, including CRDB10,
CRDB12, CRDB23, CRDB34, CRDB39, CRDB46,
CRDF10, CRDF23, CRDF8, and CRDF32. The
capacity to produce H_S suggests involvement in
sulfur cycling, which is essential for soil health
and plant nutrition. These results support earlier
observations by Verma et al.,*® and Kimura,* who
emphasized the ecological relevance of microbial
H,S production in both promoting plant growth
and mediating redox-sensitive processes in the
soil environment.

The Methyl Red (MR) test, which
detects stable acid end-products from glucose

fermentation via mixed-acid pathways, revealed
strong acid production (“+++’) in isolates CRDB12,
CRDB23, CRDB24, CRDB34, CRDB38, CRDB39,
CRDF23, and CRDF25. This trait is often associated
with the ability to lower soil pH, thereby influencing
nutrient solubility and microbial interactions.
The results align with Li et al.,?* Barry et al.,*°
who identified acid production as a hallmark of
microbial metabolic flexibility and its role in organic
matter breakdown. Ammonia production, a result
of amino acid deamination, was also significant
among many isolates. Strong ammonia production
(“+++’) was observed in CRDB12, CRDB23,
CRDB24, CRDB34, CRDB38, CRDB39, CRDB42,
CRDB47, CRDB48, and CRDF25, suggesting a
robust contribution to nitrogen cycling. Ammonia-
producing microbes play a pivotal role in the
release of plant-available nitrogen, enhancing soil
fertility. These observations are consistent with
Grzyb et al.,** who highlighted the environmental
and agricultural significance of microbial nitrogen
transformations in optimizing nutrient availability
and minimizing nitrogen losses.

Beyond their lignocellulolytic potential,
the microbial isolates evaluated in this study
also exhibited key plant growth-promoting (PGP)
traits, underscoring their dual utility in sustainable
agriculture. Notably, CRDF8 demonstrated the
highest indole-3-acetic acid (IAA) production
(461.9 pug/mL) even in the absence of exogenous
tryptophan, suggesting the presence of robust
endogenous auxin biosynthetic pathways. This
finding is in agreement with Ali et al.,** who
reported strong IAA production in Bacillus species
independent of tryptophan supplementation. In
contrast, a significant increase in IAA production
was observed in isolates such as CRDB48 (433.08
pug/mL) upon tryptophan supplementation,
reinforcing the established role of tryptophanasa
key precursor in IAA biosynthesis. However, certain
isolates, including CRDB10 and CRDF10, exhibited
reduced IAA levels when supplemented with
tryptophan, implying the possibility of substrate
inhibition or feedback regulation mechanisms,
which merit further biochemical investigation.

Phosphate solubilization ability among
the isolates also varied considerably. While the
majority displayed moderate activity ranging from
3to 10 ug/mL, isolates such as CRDB52 and CRDF10
exceeded this range, highlighting their potential
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role in enhancing phosphorus availability in soils.
Remarkably, CRDF25 exhibited an exceptionally
high phosphate solubilization capacity (600 pg/
mL), far surpassing the levels commonly reported
in literature. This finding is particularly noteworthy
when compared to Li et al.,> who reported
solubilization levels up to 120 ug/mL in Bacillus
and Pseudomonas spp. The superior performance
of CRDF25 underscores its potential as a highly
effective biofertilizer candidate, especially for use
in phosphorus-deficient agricultural systems.

The molecular identification of the most
efficient lignocellulolytic isolates substantiated
the enzymatic screening outcomes by establishing
a direct link between high enzymatic activity
and taxonomic affiliation with well-known
microbial decomposers and plant growth-
promoting organisms. The bacterial isolates
identified-Bacillus haynesii, Bacillus altitudinis,
and Bacillus stratosphericus-all belong to the
genus Bacillus, which is extensively documented
for its ability to produce a wide array of hydrolytic
enzymes, including cellulases, proteases, and
xylanases. These enzymes play a crucial role in the
breakdown of complex lignocellulosic substrates,
facilitating residue decomposition and nutrient
mineralization. The present findings are consistent
with previous reports, such as those by Mahuku,?®
who highlighted several Bacillus species as efficient
decomposers contributing to organic matter
turnover and enhanced soil fertility.

Similarly, the fungal isolates
Fusarium oxysporum (CRDF8) and Aspergillus
fumigatus (CRDF32) demonstrated substantial
lignocellulolytic activity, corroborating their known
ecological roles as potent decomposers. These
species have been widely recognized for their
enzymatic versatility and capacity to degrade
complex plant residues, as noted by Sharma et al.?
Beyond their role in decomposition, these fungi are
also reported to contribute to plant health through
mechanisms such as enhanced nutrient availability
and improved plant-microbe interactions. The
recovery of these species in the current study
not only validates their lignocellulolytic potential
but also underscores their ecological adaptability
and utility in integrated residue management
strategies.

CONCLUSION

This study successfully isolated and
characterized 18 lignocellulolytic microorganisms
from diverse agro-residue sources, demonstrating
their robust enzymatic potential for decomposing
complex plant polymers. The isolates exhibited
significant cellulolytic activity, with CRDB52
showing the highest CMCase activity (137.0 1U/
mL) and CRDF8 displaying exceptional FPase
activity (129.8 IU/mL). Notably, CRDF32 emerged
as a top performer in xylanase (22.5 IU/mL) and
chitinase (21.7 1U/mL) activity, while CRDF8
excelled in pectinase (20.2 IU/mL) Additionally,
CRDF8 produced substantial IAA (461.9 pg/mL),
and CRDF25 demonstrated remarkable phosphate
solubilization (600 pg/mL), highlighting their
potential in nutrient cycling and plant growth
promotion. Molecular identification confirmed
the presence of efficient decomposers, including
Bacillus haynesii, Bacillus altitudinis, Fusarium
oxysporum, and Aspergillus fumigatus, with 97%-
100% sequence similarity to known lignocellulose
degraders. Future studies should focus on
developing tailored microbial consortia combining
high-performing isolates (e.g., Bacillus spp. and
Fusarium oxysporum) to enhance synergistic
lignocellulose degradation and nutrient release
in agricultural systems.
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