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Abstract

Purpose Rice straw degradation in the soil is slow because of the high percentage of complex carbohydrates. Hence,
farmers prefer to burn it in the agricultural field as a quicker alternative to the open burning of rice straw. Therefore,
this study aims to characterize the bacteria from cow dung that can degrade rice straw.

Method In the present study, four bacterial isolates were isolated from the fresh cow-dung sample. After initial screen-
ing, one isolate, i.e. AMB-CD-1, was used to degrade rice straw for 25 days. The degraded straw samples were then
analyzed through FTIR and SEM analysis. Furthermore, the degraded sample was used for growing paddy plants.
Results Out of four isolates, only the AMB-CD-1 isolate performed the best in all the screening analyses. The results
concluded that the AMB-CD-1 culture inoculated straw had a low level of cellulose and hemicellulose, indicating
these particles’ degradation. The isolated AMB-CD-1 was identified as Pseudomonas aeruginosa through the Sanger
sequencing technique of the 16S rRNA gene. Results also revealed that the highest germination percentage, shoot
weight and shoot length were found to be significantly superior in T4 (50% Sand + 50% Compost) whereas the highest
chlorophyll content was found in T7 (25% Sand + 25% Soil + 50% Compost), and T1 (100% Sand) was effective in
terms of root length.

Conclusion Overall, the study concluded that Pseudomonas aeruginosa AMB-CD-1 might be a fast decomposer of
paddy straw.
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Introduction based paper preparation, material for mulching and

packing, etc. Chemically, paddy straw is composed of
Rice straw is used for various purposes like animal feed, cellulose (32-47%), hemicelluloses (19-27%), and lig-
biogas production, mushroom media and non-wood- nin (5-24%) (Yang et al. 2020). The increased produc-

tion, productivity, and area under the paddy cultivation
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year, with contributions from Africa, Asia, Europe, and
America (Hegazy 2016). Straw is the most important by-
product of agriculture, consisting primarily of dry stalks
of crops. Potential microorganisms must degrade it to
make it a better product for further use. Its assimilation
into soils by microbial translocation is a sustainable
method of increasing the soil fertility. As a result, mi-
crobial fermentation techniques can be used to manufac-
ture various value-added products using these resources,
either directly or after pretreatment (Sonwani et al.
2020; Tse et al. 2021). It decomposes slowly in the soil
because it is poorly digestible and contains a lot of dis-
ease-causing lignin and silica. Therefore, farmers favor
burning it in the agricultural field as a speedier alterna-
tive; unfortunately, open burning of rice straw releases
harmful greenhouse gasses and creates air pollution,
which is a severe hazard to human health; annually, tons
of straw are burned without being employed (Sharma et
al. 2020). Massive amounts of plant nutrients and or-
ganic materials are also lost as a result of the burning.

In addition, the abundance of rice straw as an organic
waste can be transformed into manure during the de-
graded strawing process. Degraded strawing is a cost-
effective biological treatment to treat different types of
organic waste (Tiquia and Tam 2002). It is one of the
beneficial methods for immediately consuming a sub-
stantial proportion of these wastes for the production of
degraded straw, which can be utilized as a source of nu-
trients to improve soil structure, increase organic matter,
and promote plant growth. Further, being herbivores,
exploration of microbial flora from cow dung for cellu-
lase-producing bacteria (Bai et al. 2012; Islam and Roy
2018; Hong-li et al. 2015) and enzymatic activities (Vi-
jayaraghavan et al. 2016) is well reported. Therefore, the
aim and objective of this study were to isolate and char-
acterize the bacteria from cow dung that can degrade

rice straw.
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Material and methods

Collection of cow dung sample

A morning fresh dung sample was collected directly
from a lactating indigenous cow from the dairy farm lo-
cated at Dairy Farm College of Agriculture, IGKV Rai-
pur (India). Soon after collecting the cow dung samples,
they were stored in sterilized polythene bags. A 1mL al-
iquot of a one-gram cow dung sample was plated on a
cellulose activity agar plate (10 to 107). All plates were
incubated at 37 °C for 24-48 hrs.

Selection of cellulose degrading bacteria

For the selection of cellulose-degrading bacteria, twenty
grams of cow dung were inoculated in 150 mL of nutri-
ent broth for 48 h. One milliliter of each sample was
taken for serial dilution. The diluted sample was plated
in CMC media and incubated at 37 °C for 48 h. Morpho-
logically different isolates were selected and re-streaked
to obtain a pure culture. Screening isolates also did bio-
chemical characterizations for urease, amylase, catalase,

citrate utilization, and triple sugar iron (TSI) Agar test.

Antibiotic susceptibility test

Further, overnight grown bacterial cultures (100 pL)
were evenly spread over nutrient agar plates having
HiPer antibiotic sensitivity discs (Himedia Laboratories
Pvt. Ltd., India) consisting of eight antibiotics (Strepto-
mycin, Tetracycline, Chloramphenicol, Rifamycin, Am-
picillin, Kanamycin, Gentamicin, and Nalidixic acid).
These plates were kept at 37 °C in the BOD incubator
for 24 h. On the next day, the inhibition zone of antibi-

otics obtained was measured using the Himedia scale.
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Estimation of reducing sugar from rice straw

A volume of 100 mL of nutrient broth medium with 1
gram of dry rice straw was prepared into separate coni-
cal flasks and distributed into separate 200 mL conical
flasks, followed by autoclaving at 121°C. The bacterial
suspensions were inoculated into the conical flasks
and incubated at 37 °C for 30 days, and the degraded
culture filtrate was collected. The reduced sugar was an-
alyzed using the dinitrosalicylic acid (DNS) method
(Sonwani et al. 2020).

Screening for straw utilization

A 15-day long experiment was set up in a 150 mL coni-
cal flask. Carboxymethyl cellulose (CMC) and/or rice
straw were used with selected isolates as a sole carbon
source. All treatments were performed in triplicate. The
details of the treatments are given in Table S1. All the
flasks were kept at 37 °C with shaking for 15 days. A 3
mL sample was taken at a regular time interval from

each treatment to record the O.D. at 600 nm.

Rice straw degraded strawing by cow dung bacteria

Degradation of rice straw was observed for 25 days with
bacteria (AMB-CD-1) in a wooden box (70 x 70 x 50
cm). The bottom of the box is filled with a sand layer (5
cm) before adding a presoaked paddy straw layer (10
cm). Bacterial broth AMB-CD-1 was sprayed at regular
intervals and the straw was used for degradation for 25

days in the open environment.
Nitrogen (N) content in degraded rice straw
The nitrogen (N) content of straw samples was deter-

mined by placing 0.25 g of uniformly prepared sample
in a digestion tube, adding 1 g of salt mixture (K2SO4
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and CuS04.5H,0 mixed in a 10:1 ratio), 10 mL of con-
centrated sulphuric acid (H2SO4), and digesting the mix-
ture at 350°C in the digestion unit until the material be-
came colorless. Then the nitrogen in the digested mate-
rial was distilled by the automatic KEL plus system
(Jackson 1973).

Phosphorus and Potassium content

In a digestion tube, one gram of straw samples was
placed, and 10 mL of the tri-acid mixture (concentrated
HNO3;, HCIO4, and HzSO4 in the ratio of 9:4:1) was
added. This mixture was digested at 150 °C in a digestion
unit till the digested material became colorless, then al-
lowed to cool. The digested clear material was trans-
ferred and filtered into a 100 mL volumetric flask by re-
peated washing with distilled water and making the vol-
ume up to the mark. This digested material is then used
to estimate P and K content analysis.

Phosphorus content was determined by the vanadomo-
lybdo-phosphoric acid yellow color complex method as
described by Jackson (1973). An aliquot of 10 mL was
taken and 10 mL of vanadomolybdate yellow reagent
was added in a 50 mL volumetric flask and the volume
was made up to the mark. After half an hour, color in-
tensity was measured by a Spectrophotometer at 540
nm. As Chapman and Pratt (1961) described, the potas-
sium content was determined by a flame photometer. An
aliquot of 10 mL was taken in a 25 mL volumetric flask
and the volume was made up to the mark. A flame pho-
tometer was then used to determine the potassium con-

tent.

Fourier Transform Infrared Spectroscopy (FTIR)

analysis

FTIR was used to analyze functional groups of the un-

treated and treated rice straw samples (after zero-day, 10
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days, and 25 days of degradation). Rice straw samples
were sent for FTIR analysis at NCNR, PRSU Raipur (In-
dia). The FTIR analysis parameter was set as per our

previous study by Sonwani et al. 2020.

Scanning electron microscopy (SEM)

SEM observed the change in surface structures of 25-
day degraded paddy straw. The SEM procedure was
done at the Nano and Electron Microscopy Laboratory
at the National Institute of Technology,
Chhattisgarh, India. SEM was performed at 1000, 2000,

5000, 8000, and 10,000x magnification.

Raipur,

Molecular characterization

The culture was sent to Microbial Type Culture Collec-
tion, IMTECH, Chandigarh, India for its 16S rRNA
gene segment sequence was submitted to NCBI Gen-
Bank for accession number phylogenetic tree is prepared

with nearby genera.

Evaluation of rice straw degraded straw on rice

plant growth

A 15-day long polybag experiment was conducted to
evaluate the rice straw's degraded straw performance on
rice plants. All treatments were performed in triplicate.
The medium used for growing the rice crop was sand,
soil, and straw degraded straw. The polybag is filled
with the desired medium. The details of the treatments
are summarised in Table 1. The experimental data (ger-
mination percentage, shoot weight, root and shoot length
and chlorophyll content) obtained at 15 days after show-
ing (DAS) on various selected variables was analysed by
the standard statistical analysis of CRD. Chlorophyll
content (by ethanol method) was measured by using the

ethanol extraction method as described by Lichtenthaler
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(1987) and Arnon’s (1949) methods. Statistical analysis
took the mean value of ten plants from each treatment in
each replication. A Student's t-test was performed for the
parameters like nitrogen, phosphorus, and potassium
content for both untreated and treated rice straw using
paired samples for means, which would give a clear

view for this comparison study.

Table 1 The details of the treatments used to evaluate

the performance of degraded rice straw compost

S. Treat- Details

No ment

1 T1 100% Sand

2 T2 100% Soil

3 T3 100% Compost

4 T4 50% Sand + 50% Compost (1:1)
5 T5 50% Soil + 50% Compost (1:1)
6 T6 25% Sand + 75% Compost (1:3)
7 T7 25% Sand + 25% Soil + 50%

Compost (1:1:2)

Results and discussion

Isolation, purification and characterization of bacte-

rial culture

The total viable count in the 1 g dung sample was 4.9
x10%°, showing a good amount of bacterial population
inhabiting the fresh cow dung sample previous reports
also suggested that there was around 107 to 10° cfu/g of
cow dung (Munshi et al. 2018). Four morphologically
different isolates (AMB-CD1 to AMB-CD14) were se-
lected for further study. The bacteria of interest were
isolated in the laboratory on CMC agar plates from cow
dung using the serial dilution method. The single dis-
crete pure colonies of isolates were taken and again
streaked on fresh CMC plates. Out of four bacteria, se-
lected for further study, two isolates are gram-negative
bacteria, and the rest of the two bacteria that appear pur-
ple are referred to as gram-positive. The biochemical
properties of all the selected isolates are summarized in
Table 2.
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Table 2 Biochemical characterization of isolates selected from fresh cow dung

H2S
production

Catalase Citrate utili- Urease Starch hy- Glucose Lactose Sucrose Gas produc-

Name of

SN

tion

drolysis

test

zation test

test

isolated
bacteria

AMB-CD-

1

AMB-CD-

2

2
AMB-CD-

3

AMB-CD-

4
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Antibiotic susceptibility test

All four bacterial isolates were spread on nutrient agar
medium with 9 antibiotic discs such as Streptomycin,
Penicillin, Tetracycline Chloramphenicol, Rifamysin,
Ampicillin, Kanamycin, Gentamycin, and Nalidixic
acid. Afterwards, the plates were incubated at 37 °C for
24 hours to ensure an even zone of bacterial growth.
The isolate AMB-CD-1 was shown to be resistant to
penicillin, tetracycline chloramphenicol, rifamycin,
ampicillin, Kanamycin, and nalidixic acid but sensitive
to streptomycin and gentamycin. AMB-CD-2, AMB-
CD-3, and AMB-CD-4 were resistant to Kanamycin
and susceptible to Streptomycin, Penicillin, Tetracy-
cline, Chloramphenicol, Rifamycin, Ampicillin, Gen-

tamycin, and Nalidixic acid.

Reducing sugar estimation

Enzymatic hydrolysis of cellulose and hemicelluloses
in rice straw was vital for reducing sugar production.
The glucose concentration was observed for various
samples using a UV double beam spectrophotometer at
540 nm. The sample with strain AMB-CD-1had the
highest concentration of 7.1 mg/mL followed by AMB-
CD-2 (6.6 mg/mL). The results showed that the straw
sample treated with the bacterial isolate AMB-CD-1
had more cellulose-degrading activity when compared

to others.

Screening for straw degradation

Four fast-growing cultures, AMB-CD-1, AMB-CD-2,
AMB-CD-3, and AMB-CD-4 were chosen for further
study based on their growth on CMC agar plates. Their
growth in the presence of rice straw and CMC was ex-
amined at various time intervals after incubation at

37°C. In the case of minimal broth containing rice straw,
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the maximum growth is observed in AMB-CD-1 on the source. However, an extended growth till 7 days was ob-
3 day of inoculation compared to all other treatments, served where CMC was the only carbon source (Fig la
including control. Similarly, these isolates also had and b).

maximum growth where CMC was the only carbon
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Fig. 1 Growth of cow dung isolated bacteria in presence of straw and Carboxy Methyl Cellulose

Each data represents the mean + SE obtained from independent experiments with 3 replicates (p < 0.05).
Control (only broth) compared with the rest of the treatments.
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Molecular characterization and phylogenetic study

The results obtained after Sanger sequencing of the iso-
late AMB-CD-1 revealed that the strain belonged to
Pseudomonas aeruginosa. This species is well known
for its biodegradation properties. After phylogenetic
analysis with the nearest genera, the 16S rRNA gene se-
quence was submitted to NCBI GenBank with accession
number MZ819967.

Rice straw degradation by Pseudomonas aeruginosa
AMB-CD-1

Rice straw was degraded with the help of the isolated
AMB-CD-1 culture by spraying over the rice straw at 2
days for a time of 25 days for further testing. The color
of the straw changed from yellow to brown and then to
a dark brown/ black color (Fig. 2). For analyzing struc-
tural changes during degraded strawing, three samples
(control, 10 DA, and 25 DAI) were sent for FTIR anal-
ysis. However, the sample after 25 DAI was also ana-

lyzed by scanning electron microscopy (SEM).

Analysis of N, P and K content in the degraded straw

Nitrogen content was estimated for the control (un-
treated straw) and Pseudomonas aeruginosa AMB-CD-
1 treated paddy straw. It was observed that the nitrogen
content in treated rice straw was higher (0.7%) com-
pared to control (0.504%). Further, the phosphorus con-
tent in treated rice straw was also higher (0.22%) com-
pared to control (0.14%). Similarly, the higher potas-
sium content in treated rice straw was 0.244% compared
to control (untreated rice straw) of 0.176% (Fig. 3).

493

The FTIR result of degraded rice straw

The FTIR results obtained for the rice straw without the
culture (control) had the highest cellulose and lignin lev-
els. The assignment of FTIR peaks corresponding to the
functional groups of lignocellulose components re-
vealed the characteristics of cellulose bonds. Compared
to the control (3275.80 cm™'), the distinctness in the
crystal structure of cellulose was disrupted with a peak
of 3340 cm™! for 10 days of degraded straw and 3250
cm! for 25 days of composing straw were all exhibited
O-H stretching. Similarly, for cellulose with C-H
stretching, CH; bending, and out-of-phase ring stretch-
ing at different wavelengths, the peak values of 2930,
1438, 720, & 650 cm™! for 10-day degraded straw and
3250, 2933, & 720 cm! for 25 days degraded straw re-
spectively when compared to control. Apart from cellu-
lose, hemicellulose and lignin were also observed in this
FTIR study (Table 3, Fig. 4).

Control ( 0 DAI)

Sk y Ay

-

Fig. 2 Degraded strawing of rice straw for 25 days. Con-

trol rice straw (a); Straw after 25 days (b)
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Each data represents the mean + SE obtained from independent experiments with 3 replicates. Control compared with the rest of
the treatments. Student’s t test was used to analyze the data with p < 0.05.

Scanning Electron Microscopy (SEM) of 25 days of

degraded rice straw

The degraded straw kept for 25 days was observed
under a scanning electron microscope under differ-
ent magnifications. The distinct changes in the sur-
face structure were visible in the tissue of the
paddy straw. In general, paddy straw exhibits a
rigid and highly compact structure, whereas the
straw treated with Pseudomonas aeruginosa
AMB-CD-1 bacterial culture shows the opening of
the holo-cellulose fibrils due to the creation of
pores of different sizes. Microfibrils were sepa-
rated from the initial connected structure and were
fully exposed, thus increasing paddy straw's exter-
nal surface area and porosity (Fig. 5). Bacterial
cells were also observed on the degraded rice straw

surfaces.

Evaluation of rice straw degraded straw on rice
plant

The treatments significantly affected the germination
percent of rice seeds and summarized in Fig. 6 among
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all the treatments, the maximum average germination
percentage (100%) was observed in the treatment T.
(50% Sand + 50% Degraded straw), which was at par by
treatment T3 (87.5%). Maximum shoot weight was ob-
served in the treatment T, (0.200 g) contained 50% Sand
+ 50% Degraded straw followed by treatments T i.e.
25% Sand + 25% Soil + 50% Degraded straw (0.150 g).
For the chlorophyll content, the maximum chlorophyill
was observed for the treatment T+ (0.9 mg/g) followed
by T+ where sand and degraded straw are in equal pro-
portion. The minimum chlorophyll content was ob-
served in the treatment T3 (0.3 mg/g) in which neither
soil nor sand was mixed with degraded straw. Among
all the treatments, the maximum average shoot length
was observed in treatment T7 (13.7 ¢cm) consisting of
25% Sand + 25% Soil + 50% Degraded straw The min-
imum shoot length was observed in treatment T3 (7.9
cm), consisting of 100% degraded straw. The maximum
root length for the treatment T, (9.0 cm) consisted of
100% sand which was at par with treatment T (8.0 cm).
The minimum root length was observed in the treatment
T3 (5.5 cm) containing 100% degraded straw (Fig. 6).
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Fig. 4 The FTIR spectrums of biodegraded rice straw samples collected at different time intervals

DAI: Days after first inoculation

495



Int. J. Recycl. Org. Waste Agric 12(4): 487- 502, Autumn 2023

Table 3 Assignment and description of peaks corresponding to the functional groups of rice straw biomass compo-

nents by FTIR analysis

Related biomass

Functional group assignment

Wavelength (cm™)

component

0 DAI 10 DAI 25 DAI
Cellulose O-H stretching (hydrogen bond) 3275.80 3240 3250
Cellulose C-H stretching 2922 2930 2933
Hemicellulose/lignin C=0 stretching 2875 2860 -
Lignin C=C aromatic skeletal vibration 1640 1650 1640
Cellulose CH2 bending 1445 1438 1435
deformation in C-O stretching, aromatic C-H in 1033.79 1035.79 1047.08
Cellulose, Lignin plane
Cellulose Out of phase ring stretching 780 720 770
Cellulose Out of phase ring stretching 655 650 -

DAI: days after first inoculation

Dung is a biological waste of herbivorous animals who
consume food consisting of lignin, cellulose, and hemi-
celluloses. Dung can be considered a rich reservoir of
microorganisms as it possesses a wide variety of mi-
crobes comprising over 60 different bacterial species
(Bhatt and Maheshwari 2019; Gupta and Rana 2021).
The fresh dung sample collected in the present study
was 4.9 x 10%, which is good enough and similar to the
previously reported values. Reports suggest that there is
around 107 to 10° cfu/g of cow dung (Munshi et al.
2018). Previous studies on the microbiological analysis
of cow dung also reported that the population and sta-
bility of gram-negative bacteria is higher than gram-pos-
itive ones (Quraishi et al. 2018). Pseudomonas aeru-
ginosa is a well-known gram-negative bacterium with
brilliant biodegradation properties (Wu et al. 2018;
Muriel-Millan et al. 2019). Pseudomonas aeruginosa
However, it is, also, an opportunistic animal, and human
pathogens generally infect some patients with compro-

mised immune systems (He et al. 2004; Diggle and
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Whiteley 2020). It also observed that the strain Pseudo-
monas aeruginosa AMB-CD-1 is resistant to several an-
tibiotics like Penicillin, Tetracycline Chloramphenicol,
Rifamysin, Ampicillin, Kanamycin, and Nalidixic acid,
but sensitive to Streptomycin and Gentamycin. Further-
more, it is considered that the antibiotics administered
for veterinary use can be excreted in dung, either un-
changed or as an active metabolite (Spielmeyer 2018;
Filippitzi et al. 2019; Huygens et al. 2021). However, P.
aeruginosa presents a large genome that can develop
several factors associated with antibiotic resistance in-
volving almost all classes of antibiotics (Bassetti et al.
2018).

In the presence of rice straw as a sole carbon source, the
maximum growth is observed in AMB-CD-1lindicating
the use of rice cellulosic material by P. aeruginosa
AMB-CD-1. It was also reported that Pseudomonas sp.
can degrade cellulosic and lignocellulose materials
(Yang et al. 2018; Zhang et al. 2016).
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Fig. 5 Scanning Electron Microscopy (SEM) of 25 days degraded rice straw. SEM performed 1000, 2000, 5000,
8000 and 10000x magnification
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Fig. 6 Evaluation of rice straw degraded straw effect on 15 days grown rice plant

The degradation of straw was confirmed by FTIR anal-
ysis of AMB-CD-1 inoculated straw. Results showed
specific peaks of cellulose around 3200, 2900, 1400, and
1000 cm™. In IR spectra, the broad band at 3000-3500
cm! is associated with O-H stretching of cellulose or
hemicelluloses (Bhattacharyya et al. 2020). The peaks
near 2,930 cm™' are associated with the C—H stretching
of methyl or methylene groups (Chen et al. 2015; Kumar
et al. 2009; Tandy et al. 2010; Wang and Ren 2008).
Their intensity weakened during the biodegradation pro-
cess in every group, implying the rupture of the methyl
or methylene portions in the lignocellulose. The peak at
1030-1050 cm™ is assigned to the-C-O- group of sec-
ondary alcohols and ether functions existing in the cel-
lulose chain backbone (Dinh Vu et al. 2017). The SEM
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analysis (Fig. 5) showed that there was modification in
the surface structure of rice straw after biodegradation
of P. aeruginosa AMB-CD-1. The surface of rice straw
got hollow, chapped and cracked, and this changed the
structure and surface area of the degraded straw favor of
enzymatic hydrolysis (Xu et al. 2007; Phutela and Sahni
2013). Furthermore, the nutrient content for degraded
straw rice straw showed that N, P, and K experienced an
increase in the percentage. Paddy straw contains 0.65%
nitrogen, 0.20% phosphorus, and 0.30% potassium
(Goyal and Sindhu 2011). Our results observed that the
nitrogen content in treated straw (inoculated with AMB-
CD-1) was 0.7% compared to control (untreated rice
straw) of 0.504%. The phosphorus content in treated
rice straw (AMB-CD-1) was 0.22% as compared to the



Int. J. Recycl. Org. Waste Agric 12(4): 487- 502, Autumn 2023

control (0.14%). However, Saludes et al. (2008) re-
ported that the cattle manure degraded straw's total N, P,
and K did not change significantly after 28 days of de-
graded strawing. Rice straw utilization by degraded
strawing would provide a means to avoid air pollution
from residual burning while also preventing the loss of
nutrients in organic materials (Sidhu and Beri 2008).
Barus (2011) reported that the application of degraded
straw increased N and K uptake more than dry biomass
and consequently increased the yield. Our results also
revealed that the growth of 15-days-old rice plants was
affected by using rice degraded straw along with sand or
soil. A maximum germination percentage (100%) was
observed in the treatment where 50% Sand + 50% De-
graded straw were used. Maximum chlorophyll (0.9
mg/g) was observed in the treatment containing 25%
Sand + 25% Soil + 50% Degraded straw, followed by
treatment containing 50% Sand + 50% Degraded straw
(0.7 mg/g). Badar and Qureshi (2014) also reported that
use of degraded strawed rice application increases the
chlorophyll content in leaves of sunflower plants. The
highest germination percentage, shoot weight and shoot
length were significantly superior in T4 (50% Sand +
50% Degraded straw). Similar observation was also re-
ported by Ashrafi et al. (2019), where straw compost in-
creases the plant growth in strawberries. The treatment
consisting of 75% straw, on the other hand, was not
nearly as successful; this could be because of an imbal-

ance in the ratio of sand to compost.
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Conclusion

Rice straw is a farm waste that comes in large amounts
during harvest. Most farmers are still unaware of the de-
graded strawing of rice straw and its application for crop
growth improvement. All the parameters analyzed for
degraded straw indicate that it has all the properties to
improve plant growth. Our results also revealed that P.
aeruginosa AMB-CD-1 might be a potential fast de-
grading bio inoculant for degraded strawing of rice
straw. This species of Pseudomonas is well documented

for its degradation ability.
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Appendix

Table S1 Treatments of experiments set for screening of isolates for straw utilization

S.No Treatment Details

1. Control

2. T: AMB-CD 1 + Rice straw
3. T, AMB-CD 2 + Rice straw
4. T3 AMB-CD 3 + Rice straw
5. Ta AMB-CD 4 + Rice straw
6. Ts AMB-CD 1 + CMC Broth
7. Tse AMB-CD 2 + CMC Broth
8. T7 AMB-CD 3 + CMC Broth
9. Ts AMB-CD 4 + CMC Broth

Bacteria strain AMB-CD-1, AMB-CD-2, AMB-CD-3 and AMB-CD-4
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