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Abstract

Background Microorganisms have characteristics that aid plant growth and raise the level of vital metabolites

in plants for better growth including primary and secondary metabolites as well as several developmental enzymes.
Marine bacteria must endure harsh environmental circumstances for their survival so it produces several secondary

metabolites to protect themselves. Such metabolites might likewise be advantageous for a plant’s growth. However,
the effectiveness of marine microbes on plant growth remains unexplored. In the present study, we aim to evaluate

Keywords PGPB, In vivo studies, Bacillus licheniformis

such marine microbe both in vitro and in vivo as a plant growth promoter.

Result Marine Bacillus licheniformis was found positive for vital plant growth-promoting traits like gibberellin

and ammonia production, phosphate and potassium solubilization in vitro. Due to the presence of such traits, it

was able to increase germination in chickpea. As it can colonize with the roots, it will be able to help plants absorb
more nutrients. Additionally, in vivo study shows that B. licheniformis treatment caused rise in vital factors involved

in plant growth and development like chlorophyll, POX, phenol, proline, carotenoid, flavonoid, total proteins and SOD
which resulted in increase of chickpea height by 26.23% and increase in biomass by 33.85% in pot trials.

Conclusion Marine B. licheniformis was able to promote plant growth and increased chickpea production
in both number and weight for both in vitro and in vivo conditions.

Background

The rise in the population across the world requires
increase in food production. For this, chemical fertilizers
are being used extensively in agriculture, which is essen-
tial for production because they supply vital plant nutri-
ents like nitrogen, phosphorous and potassium; these
fertilizers have evolved into crucial parts of contempo-
rary agriculture [1]. Yet, excessive fertilizer use may have
unintended negative effects on the ecosystem [2]. Thus,
it is necessary to reduce the use of chemical fertilizers
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and boost plant growth in order to improve global agri-
cultural production in a way that is more economically
and environmentally sustainable. In more sustainable and
environmentally friendly agricultural systems, the use of
plant growth-promoting bacteria (PGPB) is a potentially
beneficial method for enhancing crop yield [3].
Microorganisms produce plant growth regula-
tors like auxin, cytokinin, and gibberellin, which are
utilized by plants and stimulate plant growth [4].
In plants, auxins like indole-acetic acid (IAA) have
been noted to trigger both immediate- and long-term
responses. They are also called “root-forming hor-
mones of plants” as they increase root length and root
hairs and boost development of lateral roots which
enables the plant to absorb more nutrients, thus pro-
moting the plant’s total growth [5, 6]. Similarly, gib-
berellin is reported to promote shoot development
including internode extension and apical dominance
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[7]. These organisms also have the capacity to colonize
plant roots, benefiting their hosts by regulating plant
hormone synthesis, enhancing the availability of soil
nutrients [8]. By the bio-fixation of atmospheric nitro-
gen and the solubilization of soil minerals, such as
phosphorus and potassium, microorganisms operate
as a growth promoter, boosting the availability of both
macro as well as micronutrients [9].

Generally, soil microbes are studied as plant growth
promoters, but marine microbes have received less
attention in this aspect. Because of the extreme condi-
tions in the marine environment, which include high
pressure, salt, low temperatures, and a lack of light,
the marine bacteria have been able to acquire a vari-
ety of traits that are not evident in soil or air species
[10]. The microbial flora that thrives in the marine
ecosystem has adapted to survive in a more demand-
ing environment. Thus, such microbes may produce a
wide range of metabolites for its own survival which
can be beneficial for plant development in stress con-
dition [11].

Bacillus species are highly promising for agricultural
usage due to their ability to produce endospores which
are tolerant to variety of abiotic stress [12]. Moreover, it
is well known that some Bacillus species can fix nitro-
gen, promote the nodulation of other bacteria, and so
promote the colonization of rhizobacteria [13]. Here,
we aim to study marine Bacillus as plant growth pro-
moter as marine microbes have different metabolism
than its terrestrial counterpart due to the environmen-
tal condition in which it is adapted. Thus, because of
this, the metabolites produced by marine microbes may
be different to terrestrial counterparts [14] which may
be more beneficial for plant growth and development.

For the current study, chickpea is used as it is one of
the cheapest protein sources and one of the most con-
sumed foods in the world. It is an essential part of every
vegetarian’s diet [10]. As a result, it is a crucial crop for
both economic and nutritional reasons. The present
study focusses on exploring marine microbe for chick-
pea growth promotion.

Methods

Isolation of marine microorganism and its identification
Marine water sample was collected from Gulf of
Khambhat, Gujarat, India (22°30'N,72°61'E). Water
sample was collected 10 feet away from seashore, and
the depth was 6 feet. Sample was spread on marine agar
plates without dilution. For identification, biochemical
tests were conducted as per Bergey’s Manual of System-
atic Bacteriology, and 16s rDNA sequencing was car-
ried out at Eurofins, Bangalore, India.
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Growth optimization

Optimal growth of organism was checked on marine
broth (MB), nutrient broth (NB) and Luria-Bertani broth
(LB), varying concentration of salt (0.5 to 8%), pH (5 to
9), temperature (27 to 42 °C) and aeration (100 rpm, 150
rpm and static condition). In all the flasks (having 100
ml media), 100 pl of bacterial culture (10° cells/ml) was
inoculated, and every 24 h, 2-ml aliquot was taken from
all culture flasks, and its absorbance was measured at
600 nm using Shimadzu UV-Visible spectrophotometer
UV-1800. Growth curve was plotted as optical density
against time.

IAA production

Isolate was inoculated in NB with L-tryptophan (200 mg/
ml) and incubated for 3 days at 27 °C. Culture was centri-
fuged, and amount of IAA was measured from superna-
tant using Salkowski’s reagent. Culture supernatant and
Salkowski’s reagent were mixed in equal proportions, and
change of colour of supernatant to pink indicated IAA
production. Absorbance was measured using Shimadzu
UV-1800 UV-Visible spectrophotometer at 590 nm [15].
Standard IAA (HiMedia) ranging from 10 to 100 pg/ml
was used to determine concentration of sample.

Gibberellin production

Isolate was inoculated in NB (100 ml) for 7 days at 30 °C.
Culture was centrifuged at 2600 X g for 10 min. Super-
natant was used for detection of gibberellin. To 15 ml
of supernatant, 2-ml zinc acetate was added and incu-
bated for 2 min at room temperature. After incubation,
2-ml potassium ferrocyanide was added and centrifuged
at 2600 x g for 10 min. Supernatant was collected, and
30% HCI was added in equal volume and incubated for 75
min. After incubation, absorbance was measured at 254
nm using Shimadzu UV-1800 UV-Visible spectropho-
tometer [16]. Gibberellin ranging from 1 to 10 pg/ml was
used as standard (HiMedia).

Phosphate solubilization

Organism was inoculated in Pikovskaya’s agar with 0.05%
bromophenol blue and incubated at 27 °C for 5 days.
Zone of clearance around colony indicated solubiliza-
tion of phosphate. Quantitative estimation was done by
stannous chloride method. Organism was inoculated in
Pikovskaya’s broth (100 ml) and incubated at 30 °C for 5
days. After incubation, 1-ml culture was centrifuged at
2600 X g for 10 min. Supernatant was collected and used
for phosphate quantification. In a fresh test tube, 0.1-ml
supernatant was diluted with 0.9-ml distilled water. To
this, 1-ml chloromolybdic acid (15-g ammonium molyb-
date was dissolved in 400-ml distilled water, and 400-ml
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10-N HCl is added in it with rapid stirring, and total vol-
ume was made 1 L with distilled water) and 0.25-ml chlo-
rostannous acid (2.5-g stannous chloride was dissolved in
10-ml concentrated HCI, and total volume was made to
100 ml by distilled water) were added and mixed. Final
volume of 5 ml was made up with distilled water. Absorb-
ance was measured at 600 nm using Shimadzu UV-1800
UV-Visible spectrophotometer [10]. Monobasic potas-
sium phosphate was used as standard (HiMedia) ranging
from 10 to 100 pg/ml for determination of concentration
of sample.

Potassium solubilization

Organism was inoculated in Alaksandrov’s agar with
0.05% bromothymol blue and incubated at 27 °C for 5
days. Zone of clearance around colony indicated solubi-
lization of potassium. Quantitative analysis was done by
inoculating organism in Alaksandrov’s medium (100 ml)
having potassium aluminosilicate as the sole potassium
source and incubated at 27 °C for 7 days. For quantita-
tive assay, 1-ml sodium cobaltinitrite (1 M) was added to
1-ml supernatant and incubated at 37 °C for 40 min; fur-
ther, it was centrifuged at 2700 g for 10 min. A total of
10-ml concentrated HCI was added to the pellet resulting
in development of blue to green colour. Absorbance was
measured at 623 nm using Shimadzu UV-1800 UV-Visi-
ble spectrophotometer [17]. Potassium chloride was used
as standard ranging from 10 to 100 pg/ml.

Zinc solubilization

Isolate was inoculated on nutrient agar having 0.1% zinc
oxide. Plates were incubated at 27 °C for 3 days [18]. Sol-
ubilization index was calculated using the following:

Zone of solubilization (cm)

Solubilization index = x 100

Colony diameter (cm)

Ammonia production

Culture was inoculated into peptone water broth (0.2%
peptic digest + 0.05% NaCl) and incubated for 5 days
at 27 °C. Culture was centrifuged, and to this 200 pl of
supernatant, 1 ml of Nessler’s reagent was added. This
was then diluted with 8.5 ml of autoclaved distilled water.
Brown colour development confirms the presence of
ammonia. Absorbance was measured at 450 nm using
Shimadzu UV-1800 UV-Visible spectrophotometer [19].
Ammonium sulphate was used as standard ranging from
0.1 to 1 umol/ml.

Nitrogen-fixing test
To test the isolate for its nitrogen-fixing ability, it was
grown on N-free Jensen media (sucrose 20 g, dipotassium
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phosphate 1 g, magnesium sulphate 0.5 g, sodium chlo-
ride 0.5 g, ferrous sulphate 0.1 g, sodium molybdate 0.005
g, calcium carbonate 2 g, agar 15 g per 1000-ml distilled
water) for 2 days at 27 °C. Growth in plates is considered
positive for nitrogen fixation [20].

Siderophore production

MM9 media was defferated as follows. In 100 ml of
MM9, minimal media 0.1-M Tris HCI was added, and
pH was adjusted to 6.8. In this 100 ml, 0.25% 8-hydrox-
yquinoline (prepared in chloroform) was added, and
this mixture was mixed vigorously in separating funnel.
Chloroform layer was discarded, and media was washed
twice with chloroform. This defferated media was used to
prepare agar plates for qualitative estimation. In this agar
plates, 10% chrome azurol S (CAS) was added as an indi-
cator. Organism was inoculated and incubated at 27 °C
for 5 days. Orange halos present around colony confirms
production of siderophore [21].

HCN production

Organism was streaked on nutrient agar plates with 5%
glycine. Filter paper dipped in 2% sodium carbonate (pre-
pared in 0.5% picric acid) was placed inside of lid and
incubated for 5 days at 27 °C after sealing with parafilm.
Change in colour of filter paper from yellow to brown
indicates HCN production [22].

Root colonization

Sand was placed inside a sugar tube up to a depth of 6
cm, and then soil was placed on top, up to a depth of 4
cm, and autoclaved. The bioformulation of BS 94 (10°
cells/ml) was applied after surface sterilization of seeds.
These seeds were placed in an autoclaved sugar tube with
sand and soil that was then parafilm sealed. After 10 days,
saplings were uprooted, their roots were removed care-
fully with the use of sterile forceps, and they were then
inoculated on nutrient agar plates to check for bacterial
colonization [23].

Water agar test

Organism was spread on water agar plates (1% w/v)
and incubated for 7 days. Five healthy surface-sterilized
chickpea seeds were randomly chosen and placed on a
water agar plate, with BS 94 and without BS 94 (Control).
It was incubated at 30 °C for 5 days [24]. Germination
percentage and vigour index were calculated by following
formula:

Number of seeds germinated

Germination percentage = x 100

Total number of seeds

Vigour index = Germination percentage x 100



Rathod et al. Journal of Genetic Engineering and Biotechnology

Table 1 Biochemical test of BS 94

Test BS 94
Gram staining +
Endospore staining +
Motility +
Salt tolerance 12%
Growth at 50 °C +
Oxidase -
Catalase +
Gelatinase -
Citrate utilization test +
VP test +
Nitrate reductase test +
Urease test +
MR test -
Casein hydrolysis +
Starch hydrolysis -
Triple sugar test +
Lipase -
Hemolytic activity -
Cellulase activity +

Pot trials

Chickpea seeds of the hybrid desi type procured from
local market were sterilized using distilled water for 1
min, 70% methanol for 1 min, followed by 30-s rinse in
distilled water. Bioformulation of BS 94 was prepared

43

57
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using talc, calcium carbonate and carboxymethyl cellu-
lose (CMC). In a sterile metal tray, 15 g of calcium car-
bonate per kg of talc and 10-g CMC per kg of talc were
mixed and autoclaved [22]. This autoclaved talc and 10°
cells/ml of BS 94 were used to prepare coating slurry.
Seeds were coated with it, and ten seeds were sown
per pot. Silty clayey loam soil having pH 8 was filled in
each pot. Treatments given were as follows: T1—control
(untreated seeds) and T2—BS 94 (seeds coated with BS
94 bioformulation).

The pot experiment was conducted in June, when tem-
peratures ranged from 29 to 32 °C using randomized
block design with three replicates. After 28-day veg-
etative parameters, SOD, POX, proline, phenolic com-
pounds, chlorophyll, carotenoid content [25], flavonoid
[26], and total proteins [27] were estimated.

Flavonoid estimation

Total flavonoids were estimated by aluminium chloride
method using quercetin as standard. Leaf sample (5 g)
was crushed in 10 ml of methanol and centrifuged at
2000 g for 10 min. Supernatant was transferred in new
tube and stored at 4 °C. For flavonoid estimation, 125
pl of extract was added to 75-pul 5% sodium nitrite. The
mixture was incubated for 6 min at RT. After incubation,
150-pl aluminium chloride was added and incubated
for 5 min at RT. After incubation, 750-pul 1-M sodium
hydroxide was added, and final volume was adjusted to

— Bacillus licheniformis strain TG2 (MG977020.1)

Bacillus licheniformis strain T-5-9-2 (ON331910.1)

ad L Bacillus strain M87 (KY595451.1)

47 ——  Bacillus sonorensis (FJ655811.1)

71

— Bacillus sp. SDIP1 (KU291423.1)

Bacillus licheniformis strain 7170 (KU925859.1)

Bacillus aerius (MT258824.1)

Bacillus strain SAR12 (ON150860.1)

20 — Bacillus licheniformis BS94

Bacillus licheniformis strain Z9 (KT693282.1)

Bacillus strain SAR19 (ON152380.1)

Fig. 1 Phylogenetic tree of BS 94 showing maximum similarity with Bacillus licheniformis strain Z9
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2.5 ml with distilled water, and absorbance was meas-
ured at 510 nm using Shimadzu UV 1800 UV-Vis spec-
trophotometer [26].

Total protein

Total protein was determined using Folin-Lowry method
using bovine serum albumin (BSA) as a standard. Sample
(5 g) was crushed in 5-ml sodium phosphate buffer and
centrifuged at 2000 g for 10 min. Supernatant was stored
at 4 °C. To 1 ml of sample, 4 ml of aluminium copper sul-
phate (Reagent C) was added and incubated for 10 min at
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RT. After incubation, 0.5 ml of Folin—Ciocalteu reagent
was added and incubated for 30 min in dark. After incu-
bation, absorbance was measured at 660 nm using Shi-
madzu UV 1800 UV-Vis spectrophotometer [27].

Statistical analysis

All the in vitro quantification assays were done in tripli-
cates. Post pot trials analysis of variance (ANOVA) was
performed using triplicate data to find the significant
differences between treated and untreated seeds in each
vegetative parameter and enzyme assay. Results are pre-
sented as mean + SD.

(b) Optimization of salt concentration
2,01

— 0.5%
— 90
£ 154 2%
c — 4%
o
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& — 8%
a]
0 054
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Fig. 2 Optimization of growth of BS 94 at different a media, b salt concentration, ¢ temperature, d pH, and e aeration
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(a) (b)

©

Fig. 3 a Phosphate solubilization. b Potassium solubilization. ¢ Growth in Jensen media indicating Nitrogen fixing ability

Results

Bacterial strain 94 (BS 94) was isolated from marine
water. BS 94 was able to grow on marine agar, nutrient
agar, and Luria-Bertani agar, forming white colonies.
Table 1 displays the outcomes of biochemical tests. 16s
rDNA sequencing was conducted at Eurofins, Banga-
lore (Fig. 1). The BS 94 sequence was submitted to Gen-
Bank, and accession number assigned is OQ519861. BS
94 displayed the highest degree of similarity with Bacil-
lus licheniformis strain Z9 under accession number KT
693282.1.

As shown in Fig. 2, BS 94 was grown under various
conditions to optimize its growth. The average value of
triplicates is plotted in the graph where the error bar
shows standard deviation. In comparison to other media,
nutrient broth promoted the highest growth of BS 94
(Fig. 2a). In response to this, nutrient broth was used for
all testing. Best growth was demonstrated at 0.5% con-
centration of salt (Fig. 2b), 8 pH (Fig. 2c), 37 °C (Fig. 2d),
and 150-rpm aeration (Fig. 2e).

Isolate did not produce IAA, but gibberellin produc-
tion of 14.2 pg/ml was noted after 7 days. Solubilization
indices of 1.31 + 0.03 for phosphate (Fig. 3a) and 1.41 +
0.02 for potassium (Fig. 3b) were found positive respec-
tively. Its quantitative analysis showed 16.23 pg/ml of
potassium and 26.86 pg/ml of phosphate solubilization
by the isolate. Peptone water was used to test the ammo-
nia production. After 3 days, BS 94 produced 0.45 pmol/
ml of ammonia. BS 94 was able to grow in nitrogen-free
Jensen media (Fig. 3c) which shows its ability to trans-
form atmospheric nitrogen into fixed nitrogen, an inor-
ganic form of nitrogen which can be easily utilized by
plants. BS 94 showed no HCN and siderophore produc-
tion nor zinc solubilization.

BS 94 was capable of colonizing roots which was con-
firmed after 7 days of incubation (Fig. 4). This test con-
firms it ability to colonize with root even though it is a
marine isolate which may help for germination and other
growth parameters. It was also capable in increasing

Fig. 4 Root colonization of Bacillus licheniformis

Table 2 Percentage germination and vigour index of chickpea

seeds

Treatment % Germination Vigour index
Control 60% 63.6

BS 94 100% 162

germination in seeds up to 100% (Table 2) along with
increasing root length (Fig. 5b) as compared to control
(Fig. 5a).

BS 94 was examined for in vivo growth promotion in
chickpea since it demonstrated traits as a plant growth
promoter in vitro. The talc-based BS 94 bioformula-
tion considerably enhanced the vegetative parameters
(Table 3) as well as the SOD (Fig. 6a), POX (Fig. 6b), pro-
line (Fig. 6¢), phenols (Fig. 6d), chlorophyll-a (Fig. 6e),
chlorophyll-b (Fig. 6f), and carotenoid content (Fig. 6g).
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(a)

Fig.5 Germination in chickpea seeds. a Control. b Isolate 94

With the BS 94 treatment, plant mass and height both
rose by 33.85% and 26.23%, respectively.

Discussion

Bacteria stimulating plant growth, comprises of free liv-
ing bacteria which can have symbiotic association with
plants, and endophytes that can colonize plant’s internal
tissues. Plant growth-promoting bacteria (PGPB) may
either directly stimulate plant development by typically
improving mineral utilization or modifying levels of plant
hormones or indirectly by reducing the growth-inhibiting
impacts of several biotic and abiotic factors [28]. PGPB
improves vegetative growth and boosts plant enzyme
activity and can support other microbes in a synergistic
manner to enhance their impact on plants, encouraging
plant growth [29]. Majority of such PGPB studied are
from plant’s rhizospheric region, but not much work is

Table 3 Vegetative parameters post pot trial

Control BS 94
Total length (cm) 396+0.754 5002 +1.08™
Root length (cm) 340+0.16 401+008"
Shoot length (cm) 36.19 + 0.66 4600+ 105"
No. of leaves 101.33 £ 251 10833 +2.08"
No. of root hairs 32333+25 3733+1.15
Total fresh mass (g) 127 +003 174021
Shoot fresh mass (g) 1.124 £0.036 139+0.19"
Root fresh mass (q) 0.145 + 0.005 030+ 004"
Total dry mass (g) 0.60 + 0.065 0.69 +0.03
Shoot dry mass (g) 0.523 £ 0.066 0.60 +0.033ns
Root dry mass (g) 0.08 +0.002 0.086 + 0.003"

p-value has been calculated using one-way ANOVA, and its interpretation is as
follows: ns (p-value greater than 0.05), nonsignificant as compared to control

" p-value between 0.05 and 0.01, significant at 5%
" p-value between 0.01 and 0.001, significant at 1% as compared to control

™ p-value less than 0.001, significant at 0.1% as compared to control

(b)

reported on marine microbes as plant growth promoters.
Present study focusses on exploring marine microbes as
plant growth promoters.

Marine isolate BS 94 was identified as Bacillus
licheniformis. The organism is non-pathogenic as it
was tested negative for haemolytic activity (Table 1).
Isolate BS 94 being an endospore-forming bacteria
will be able to survive in field conditions for longer
time. B. licheniformis BS 94 was able to grow in wide
salt and pH range and temperatures as high as 42 °C
as seen in growth optimization (Fig. 2). Marine Bacil-
lus isolated from saline soil gave up to 10% salt toler-
ance [30], whereas Bacillus licheniformis BS 94 is able
to tolerate up to 12% salt. This organism can therefore
be utilized to grow crops in wide pH and salt range and
at wide range of temperature. It was also found posi-
tive for nitrate reduction, urease and ammonia produc-
tion. Hence, it could participate in nitrogen fixation.
The most essential component for plant development is
nitrogen. Ammonia, nitrate and nitrite are three forms
of nitrogen that plants can absorb [31]. In most soils,
these nitrogen forms are not in great abundance. In
these conditions, bacteria’s ability to fix nitrogen plays
a critical role. BS 94 was found positive for nitrogen
fixation and also produces ammonia which can sup-
ply nitrogen to plants and thereby promote height and
their biomass. Coinoculation of nitrogen-fixing bacte-
ria Mesorhizobium ciceri and mycorrhizal fungi Glo-
mus raised chickpea height 23.4% [32], whereas BS 94
treatment alone increases chickpea height by 26.23%
(Table 3). BS94 treatment showed increase in total pro-
tein content of leaves which may be due to increase in
nitrogen as nitrogen present in leaves plays a vital role
in protein synthesis [33]. BS 94 was able to colonize
roots; hence, it might contribute in growth promo-
tion and stress tolerance in plants [8]. In addition to
producing ammonia, BS 94 had the ability to reduce
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(C) Proline Accumulation Assay

—
|***

| —

* %k %

T T T T T
10 20 30 40 50

Proline (ug/g of plant biomass)

(d) Phenol Estimation

H
|***

| —

* %k %

0 1

T T T T T
2 3 4

Phenol (ug/gm of plant biomass)

(g) Carotenoids

6 ns
i
4_
£
o
<]
=
2_
0_
Control 94
Treatments

(i) Flavonoid
%k %k %k

1

94 (ROOT) b 94 (ROOT)
» * %k %k "
T CONTROL (ROOT) ——l E CONTROL (ROOT)
£ £
] 94 (LEAF) 3 94 (LEAF)
= % %k %k =
CONTROL (LEAF) ——l CONTROL (LEAF)
T T T T T 1
20 40 60 80 100
SOD % inhibition
(b) POX Assay
94 (ROOT)H H — 94 (ROOT)
1] % % % "
€ CONTROL (ROOT)- € CONTROL (ROOT)
£ £
s s
94 (LEAF)
E ( ) |—{ . E 94 (LEAF)
CONTROL (LEAF) 4—| CONTROL (LEAF)
T T T T 1
0 1 2 3 4
POX (U/ mg protein)
(e) Chlorophyll-a (f) Chlorophyll-b
%k %k % "
8- | | 4-
| _'_
6 3
1] —_
o 4 E
) o 2
£ £
24 14
0- 0-
Control 94 Control 94
Treatments Treatments
(h) Total Protein
% 3k %k
6 6001
= B
§ 3
2 4 S 400
g 2
~ K=l
= o
s o
B 2 S 200
o )
T
0_ T 0—
CONTROL 94
Treatments

I
CONTROL 94

Treatments

Fig.6 a SOD. b POX. c Proline. d Phenol. e Chlorophyll-a. f Chlorophyll-b and g carotenoid. h Total protein. i Flavonoid content of control and BS

94 post pot trial. Note: p-value has been calculated using one-way ANOVA, and its interpretation is as follows: ns (p-value greater than 0.05),
nonsignificant as compared to control. *p-value between 0.05 and 0.01, significant at 5% as compared to control. **p-value between 0.01 and 0.001,
significant at 1% as compared to control. ***p-value less than 0.001, significant at 0.1% as compared to control
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nitrates and produce urease which are the key enzymes
in nitrogen assimilation. Urease helps in stimulating
hydrolysis of urea into ammonium, which is utilized by
plant root [28]. Urease is also involved in bioremedia-
tion of heavy metals [34]. Thus, it will be able to reduce
plant stress as well. BS 94 produced amylase as it was
able to hydrolyze starch. Amylases convert complicated
polysaccharides like starch into glucose or sugar that is
rapidly utilized by plants and boosts their development
[35]. Another vital nutrient for plants is phosphorus.
Phosphorus is a component of adenosine triphosphate
(ATP), which is produced during photosynthesis and
is involved in all stages of plant growth, but it is espe-
cially crucial for stimulation of root growth, which
enhanced seed development [36]. Although phospho-
rus is present in bonded form with inorganic or organic
molecules, but only the monobasic and dibasic forms
of phosphorus can be absorbed by plants. The organic
phosphorus is mineralized by BS 94 so that plants can
access it. Potassium, the third most important nutrient,
is likewise available in insoluble form, much like phos-
phate. Both phosphate and potassium were shown to be
solubilized by BS 94 (Fig. 3). It solubilizes crucial nutri-
ents, which may promote plant growth as indicated by
the results of vegetative parameters in Table 3. Root
hairs and root length were observed to increase with BS
94 treatment, aiding in increased nutrient absorption
and plant support. BS94 was observed to increase sec-
ondary metabolites like flavonoids which are reported
to assist in uptake of nutrients as well as lignin synthe-
sis in plants which may help in defence [37, 38]. BS 94
was also noted to produce gibberellin which may aid
in embryo’s development potential and improves fruit
growth and seed germination and induces elonga-
tion of root and stem. Seed germination was more in
BS 94-treated seeds as compared to control. Marine
Pseudomonas OG is reported to increase seed germina-
tion up to 93.3% in chickpea [39], whereas with BS 94
treatment germination rose up to 100%. Additionally,
physiological trait like seed vigour was also increased
in treated plants. Seed vigour is essential to promote
quick and consistent germination of crops, quality of
seed and its performance in field trials [40, 41]. These
combined effect of all the nutrients resulted in increase
of chickpea height and weight by 26.23% and 33.85%
respectively in pot trials after 28 days, whereas marine
Micrococcus species was able to increase height and
weight of chickpea by 19.65% and 21.60% after 30 days
[10], and rhizospheric bacteria Azotobacter chroococ-
cum treatment resulted in 23.48% increase in height
after 30 days [42]. Thus, marine isolate B. licheniformis
BS94 showed better results than other marine and soil
microbe reported earlier.
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Along with essential plant nutrients, BS 94 also stim-
ulated enzymes and other factors involved in plant
growth and development. Post pot trials, BS 94 showed
increase in free radical scavengers like superoxide dis-
mutase (Fig. 6a) and carotenoids (Fig. 6g). These anti-
oxidants guard against cellular membrane deterioration
and function as vital signalling molecules that control
plant development and stress responses [25]. BS 94
increases peroxidase enzyme in plant which contributes
to the production of lignin which increases the rigid-
ity and hydrophobicity of plant cell wall as well as the
transport of minerals through vascular bundles in plants
[43]. An increase in phenol and proline content was also
observed with BS 94 bioformulation which may assist to
strengthen plant as phenolic compounds are involved
in lignin synthesis and prolines in cell wall formation
and abiotic stress. A rise in chlorophyll content in seeds
treated with BS 94 was seen post pot study. This may be
due to organism’s ability to assimilate nitrogen and potas-
sium solubilization as nitrogen and potassium are major
components essential for chlorophyll production along
with magnesium and iron. Thus, it may be helpful in
improving chickpea production in the field as well.

This study unequivocally proves that the marine B.
licheniformis had a favourable effect on chickpea’s growth
and development. The majority of plant growth promotion
research is on rhizospheric bacteria; however, knowledge
of PGP characteristics in marine microorganisms can aid
in the creation of fertilizers in hitherto unexplored areas.

Conclusion

In present study, marine organism isolated was identi-
fied as Bacillus licheniformis. B. licheniformis was able to
increase height, biomass and several other enzymes and
factors which induce growth in plants. Also, as it was able
colonize roots and tolerate wide environmental condi-
tions; it can be also used for other crops requiring such
growth conditions. But in addition to this study, further
investigation into its effect in field conditions and mode
of action is needed to develop a potent biofertilizer.

Abbreviations

SOD Superoxide dismutase

POX Peroxidase

PGPB Plant growth-promoting bacteria
IAA Indole acetic acid

MB Marine broth

NB Nutrient broth

LB Luria-Bertani broth

HCl Hydrochloride acid

CAS Chrome azurol S

VPtest  Voges—Proskauer test

MR test  Methyl red test
ANOVA  Analysis of variance
ATP Adenosine triphosphate



Rathod et al. Journal of Genetic Engineering and Biotechnology

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/543141-023-00608-4.

Additional file 1: Annexure I: Supplementary material Figure
S1.BLAST- N of PCR amplified 16Sr RNA gene sequence of BS94 with
published sequences of NCBI database.

Acknowledgements
The authors are thankful to P. D. Patel Institute of Applied Sciences and
CHARUSAT for providing the lab facilities and financial support.

Authors’ contributions

KR participated in data curation, data analysis, investigation and writing of
original draft. SR participated in investigation. PD participated in data analysis
and reviewing and editing original draft. JNT participated in conceptualization,
data analysis, resources management, supervision and review and editing
original draft. All the authors read and approved the final manuscript.

Funding
K.Rathod is thankful to CHARUSAT and SHODH, Government of Gujarat, for
providing doctorate fellowship.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 11 April 2023 Accepted: 14 November 2023
Published online: 24 November 2023

References

1. Thakor P, Goswami D, Thakker J, Dhandhukia P (2016) Idiosyncrasy of
local fungal isolate Hypocrea rufa strain P2: plant growth promotion and
mycoparasitism. J Microbiol Biotechnol Food Sci 5(6):593-598. https.//
doi.org/10.15414/jmbfs.2016.5.6.593-598

2. Bhutani N, Maheshwari R, Sharma N, Kumar P, Dang AS, Suneja P (2022)
Characterization of halo-tolerant plant growth promoting endophytic
Bacillus licheniformis MHN 12. J Genet Eng Biotechnol 20(1):113. https://
doi.org/10.1186/543141-022-00407-3

3. Patel KB, Thakker JN (2019) Growth promotion and biocontrol activity of
Nocardiopsis dassonvillei strain YM12: an isolate from coastal agricultural
land of Khambhat. Vegetos 32(4):571-582. https://doi.org/10.1007/
$42535-019-00064-x

4. Lee DG, Lee JM, Choi CG, Lee H, Moon JC, Chung N (2021) Effect of plant
growth-promoting rhizobacterial treatment on growth and physiological
characteristics of Triticum aestivum L. under salt stress. Appl Biol Chem
64(1):89. https://doi.org/10.1186/513765-021-00663-w

5. Mekonnen H, Kibret M (2021) The roles of plant growth promoting
rhizobacteria in sustainable vegetable production in Ethiopia. Chem Biol
Technol Agric 8(1):15. https://doi.org/10.1186/540538-021-00213-y

6. ParkS, Kim AL, Hong YK, Shin JH, Joo SH (2021) A highly efficient auxin-
producing bacterial strain and its effect on plant growth. J Genet Eng
Biotechnol 19(1):179. https://doi.org/10.1186/543141-021-00252-w

(2023) 21:137

20.
21

22.

23.

24.

25

Page 10 of 11

Miceli A, Moncada A, Sabatino L, Vetrano F (2019) Effect of gibberellic
acid on growth, yield, and quality of leaf lettuce and rocket grown in a
floating system. Agronomy 9(7):382. https://doi.org/10.3390/agronomy90
70382

Singh RP, Sachdev S (2018) Root colonization: imperative mechanism for
efficient plant protection and growth. MOJ Ecol Environ Sci 3(4):240-242.
https://doi.org/10.15406/mojes.2018.03.00094

Kaari M, Manikkam R, Annamalai KK, Joseph J (2023) Actinobacteria as

a source of biofertilizer/biocontrol agents for bio-organic agriculture. J
Appl Microbiol 134(2):1-16. https://doi.org/10.1093/jambio/Ixac047

Patel P, Patel K, Dhandhukia P, Thakker JN (2021) Plant growth promoting
traits of marine Micrococcus sp. with bio-control ability against Fusarium
in chickpea plant. Vegetos 34(1):94-101. https://doi.org/10.1007/
$42535-021-00191-4

. Soldan R, Mapelli F, Crotti E, Schnell S, Daffonchio D, Marasco R, Fusi M,

Borin S, Cardinale M (2019) Bacterial endophytes of mangrove prop-
agules elicit early establishment of the natural host and promote growth
of cereal crops under salt stress. Microbiol Res 223-225:33-43. https://
doi.org/10.1016/j.micres.2019.03.008

Rathod K, Rana S, Dhandhukia P, Thakker JN (2023) Marine Bacillus subtilis
as an effective biocontrol agent against Fusarium oxysporum f. sp. ciceris.
Eur J Plant Pathol. https://doi.org/10.1007/510658-023-02720-0

Melo LHV, Rocha FYO, Vidal MS, Gitahy P, Arruda GM, Barreto CP, Alves PB,
Ramos E, Rossi CN, Schwab S, Boa Sorte PMF, Avelar JP, Baldani JI (2021)
Diversity and biotechnological potential of endophytic Bacillus species
originating from the stem apoplast fluid of sugarcane plants. Appl Soil
Ecol 166:103985. https://doi.org/10.1016/j.apsoil.2021.103985

Feling RH, Buchanan GO, Mincer TJ, Kauffman CA, Jensen PR, Fenical W
(2003) Salinosporamide A: a highly cytotoxic proteasome inhibitor from
a novel microbial source, a marine bacterium of the new genus Salinos-
pora. Angew Chem Int Ed Engl 42(3):355-7. https://doi.org/10.1002/anie.
200390115

Goswami D, Patel K, Parmar S, Vaghela H, Muley N, Dhandhukia P,
Thakker JN (2015) Elucidating multifaceted urease producing marine
Pseudomonas aeruginosa BG as a cogent PGPR and bio-control agent.
Plant Growth Regulation 75(1):253-263. https://doi.org/10.1007/
$10725-014-9949-1

Sharma S, Sharma A, Kaur M (2018) Extraction and evaluation of gibberel-
lic acid from Pseudomonas sp.: plant growth promoting rhizobacteria. J
Pharmacogn Phytochem 7(1):2790-2795

Rajawat MVS, Singh S, Saxena AK (2013) A new spectrophotometric
method for quantification of potassium solubilized by bacterial cultures.
Indian J Exp Biol 52:261-266

Patel K, Thakker JN (2020) Deliberating plant growth promoting and
mineral-weathering proficiency of Streptomyces nanhaiensis strain YM4
for nutritional benefit of millet crop (Pennisetum glaucum). J Microbiol
Biotechnol Food Sci 9(4):721-726. https://doi.org/10.15414/jmbfs.2020.9.
4.721-726

Demutskaya LN, Kalinichenko IE (2010) Photometric determination of
ammonium nitrogen with the Nessler reagent in drinking water after its
chlorination. J Water Chem Technol 32(2):90-94. https://doi.org/10.3103/
$1063455X10020049

Rao S (1977) Soil microorganisms and plant growth

Schwyn B, Neilands JB (1987) Universal chemical assay for the detection
and determination of siderophores. Anal Biochem 160(1):47-56. https://
doi.org/10.1016/0003-2697(87)90612-9

Goswami D, Vaghela H, Parmar S, Dhandhukia P, Thakker JN (2013) Plant
growth promoting potentials of Pseudomonas spp. strain OG isolated
from marine water. J Plant Interact 8(4):281-290. https://doi.org/10.1080/
17429145.2013.768360

Goswami D (2015) Isolation, identification and characterization of plant
growth promoting rhizobacteria from saline desert of Kutch. Ph.D. Dis-
sertation, Charotar University of Science and Technology

Badrakia J, Patel KB, Dhandhukia P, Thakker JN (2021) Mycoparasitic Pseu-
domonas spp. against infection of Fusarium chlamydosporum pathogen
in soyabean (Glycine max) plant. Arch Phytopathol Plant Protect
54(19-20):2160-2170. https://doi.org/10.1080/03235408.2021.1925433
Patel PP, Patel KB, Dhandhukia PC, Thakker JN (2020) Elicitation of plant
defense against Fusarium oxysporum f.sp. ciceris in chickpea plant using
marine Micrococcus sp. J Microbiol Biotechnol Food Sci 10(3):361-365.
https://doi.org/10.15414/jmbfs.2020.10.3.361-365


https://doi.org/10.1186/s43141-023-00608-4
https://doi.org/10.1186/s43141-023-00608-4
https://doi.org/10.15414/jmbfs.2016.5.6.593-598
https://doi.org/10.15414/jmbfs.2016.5.6.593-598
https://doi.org/10.1186/s43141-022-00407-3
https://doi.org/10.1186/s43141-022-00407-3
https://doi.org/10.1007/s42535-019-00064-x
https://doi.org/10.1007/s42535-019-00064-x
https://doi.org/10.1186/s13765-021-00663-w
https://doi.org/10.1186/s40538-021-00213-y
https://doi.org/10.1186/s43141-021-00252-w
https://doi.org/10.3390/agronomy9070382
https://doi.org/10.3390/agronomy9070382
https://doi.org/10.15406/mojes.2018.03.00094
https://doi.org/10.1093/jambio/lxac047
https://doi.org/10.1007/s42535-021-00191-4
https://doi.org/10.1007/s42535-021-00191-4
https://doi.org/10.1016/j.micres.2019.03.008
https://doi.org/10.1016/j.micres.2019.03.008
https://doi.org/10.1007/s10658-023-02720-0
https://doi.org/10.1016/j.apsoil.2021.103985
https://doi.org/10.1002/anie.200390115
https://doi.org/10.1002/anie.200390115
https://doi.org/10.1007/s10725-014-9949-1
https://doi.org/10.1007/s10725-014-9949-1
https://doi.org/10.15414/jmbfs.2020.9.4.721-726
https://doi.org/10.15414/jmbfs.2020.9.4.721-726
https://doi.org/10.3103/S1063455X10020049
https://doi.org/10.3103/S1063455X10020049
https://doi.org/10.1016/0003-2697(87)90612-9
https://doi.org/10.1016/0003-2697(87)90612-9
https://doi.org/10.1080/17429145.2013.768360
https://doi.org/10.1080/17429145.2013.768360
https://doi.org/10.1080/03235408.2021.1925433
https://doi.org/10.15414/jmbfs.2020.10.3.361-365

Rathod et al. Journal of Genetic Engineering and Biotechnology

26.

27.

28

29.

30.

31

32

33

34

35.

36.

37.

38.

39.

40

41.

42.

43.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

(2023) 21:137

Menon S, Thakker J (2020) Assessment of Amaranthus viridis L. leaves on
growth, antifungal and antioxidant activity of Cicer arientinum L. Int J
Pharma Med Biol Sci 9(2):70-74. https://doi.org/10.18178/ijpmbs.9.2.70-74
Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein measure-
ment with the Folin phenol reagent. J Biol Chem 193(1):265-275. https://
doi.org/10.1016/50021-9258(19)52451-6

Patel K, Goswami D, Dhandhukia P, Thakker J (2015) Techniques to study
microbial phytohormones. In: Maheshwari D (ed) Bacterial metabolites in
sustainable agroecosystem. Sustainable Development and Biodiversity, vol
12. Sustainable Development and Biodiversity, Springer, Cham, pp 1-27
dos Santos RM, Diaz PAE, Lobo LLB, Rigobelo EC (2020) Use of plant
growth-promoting rhizobacteria in maize and sugarcane: characteristics
and applications. Front Sustain Food Syst 4:1-15. https://doi.org/10.3389/
fsufs.2020.00136

Sharma A, Dev K, Sourirajan A, Choudhary M (2021) Isolation and charac-
terization of salt-tolerant bacteria with plant growth-promoting activities
from saline agricultural fields of Haryana, India. J Genet Eng Biotechnol
19(1):99. https://doi.org/10.1186/543141-021-00186-3

Abd-Alla MH, Nafady NA, Bashandy SR, Hassan AA (2019) Mitigation of
effect of salt stress on the nodulation, nitrogen fixation and growth of
chickpea (Cicer arietinum L.) by triple microbial inoculation. Rhizosphere
10:100148. https://doi.org/10.1016/j.rhisph.2019.100148

Donskaya MV, Donskoy MM (2021) Study of symbiotic nitrogen fixation of
chickpea (Cicer arietinum L.) in the Oryol region. IOP Confer Ser Earth Envi-
ron Sci 650(1):012103. https://doi.org/10.1088/1755-1315/650/1/012103
Lyu X, Liu Y, Li N, Ku L, Hou Y, Wen X (2022) Foliar applications of various
nitrogen (N) forms to winter wheat affect grain protein accumulation
and quality via N metabolism and remobilization. Crop J 10:1165-1177.
https://doi.org/10.1016/j.cj.2021.10.009

Goswami D, Thakker J, Dhandhukia P (2019) Urease producing microbes
to aid bio-calcification: an interdisciplinary approach. In: Aziz S, Garg N,
Aeron A, Jha C, Nayak S, Bajpai V (eds) Microbial Catalyst, vol 2. Nova Sci-
ence, New York, pp 35-56

Kaneko M, Itoh H, Ueguchi-Tanaka M, Ashikari M, Matsuoka M (2002)

The a-amylase induction in endosperm during rice seed germina-

tion is caused by gibberellin synthesized in epithelium. Plant Physiol
128(4):1264-1270. https://doi.org/10.1104/pp.010785

Sharma S, Sayyed R, Trivedi M, Gobi T (2013) Phosphate solubilizing
microbes: sustainable approach for managing phosphorus deficiency

in agricultural soils. SpringerPlus 2(1):587. https://doi.org/10.1186/
2193-1801-2-587

Nascimento LBdS, Tattini M (2022) Beyond photoprotection: the multifari-
ous roles of flavonoids in plant terrestrialization. Int J Mol Sci 23:5284.
https://doi.org/10.3390/ijms23095284

Thakker JN, Patel S, Dhandhukia PC (2013) Induction of defense-related
enzymes in banana plants: effect of live and dead pathogenic strain of
Fusarium oxysporum f. sp. cubense. ISRN Biotechnol 1-6. https://doi.org/
10.5402/2013/601303

Thakker JN, Badrakia J, Patel K, Makwana U, Parmar K, Dhandhukia PC (2023)
Potential of a marine Pseudomonas aeruginosa strain OG101 to combat
Fusarium oxysporum associated wilt in legume crops. Arch Phytopathol Plant
Protect 56(4):284-294. https://doi.org/10.1080/03235408.2023.2183800

Basu S, Groot S (2023) Seed vigour and invigoration. In: Dadlani M, Yadava
DK (eds) Seed Science and Technology. Springer, Singapore. https://doi.

Page 11 of 11

0rg/10.1007/978-981-19-5888-5_4

Ventura L, Dona M, Macovei A, Carbonera D, Buttafava A, Mondoni A,
Rossi G, Balestrazzi A (2012) Understanding the molecular pathways
associated with seed vigor. Plant Physiol Biochem 60:196-206. https://
doi.org/10.1016/j.plaphy.2012.07.031

Pandey S, Gupta S, Ramawat N (2019) Unravelling the potential of
microbes isolated from rhizospheric soil of chickpea (Cicer arietinum) as
plant growth promoter. 3 Biotech 9(7):277

Thakker JN, Patel P, Dhandhukia PC (2011) Induction of defence-related
enzymes in susceptible variety of banana: role of Fusarium derived elici-
tors. Arch Phytopathol Plant Protect 44(20):1976-1984. https://doi.org/10.
1080/03235408.2011.559032

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.18178/ijpmbs.9.2.70-74
https://doi.org/10.1016/S0021-9258(19)52451-6
https://doi.org/10.1016/S0021-9258(19)52451-6
https://doi.org/10.3389/fsufs.2020.00136
https://doi.org/10.3389/fsufs.2020.00136
https://doi.org/10.1186/s43141-021-00186-3
https://doi.org/10.1016/j.rhisph.2019.100148
https://doi.org/10.1088/1755-1315/650/1/012103
https://doi.org/10.1016/j.cj.2021.10.009
https://doi.org/10.1104/pp.010785
https://doi.org/10.1186/2193-1801-2-587
https://doi.org/10.1186/2193-1801-2-587
https://doi.org/10.3390/ijms23095284
https://doi.org/10.5402/2013/601303
https://doi.org/10.5402/2013/601303
https://doi.org/10.1080/03235408.2023.2183800
https://doi.org/10.1007/978-981-19-5888-5_4
https://doi.org/10.1007/978-981-19-5888-5_4
https://doi.org/10.1016/j.plaphy.2012.07.031
https://doi.org/10.1016/j.plaphy.2012.07.031
https://doi.org/10.1080/03235408.2011.559032
https://doi.org/10.1080/03235408.2011.559032

	Investigating marine Bacillus as an effective growth promoter for chickpea
	Abstract 
	Background 
	Result 
	Conclusion 

	Background
	Methods
	Isolation of marine microorganism and its identification
	Growth optimization
	IAA production
	Gibberellin production
	Phosphate solubilization
	Potassium solubilization
	Zinc solubilization
	Ammonia production
	Nitrogen-fixing test
	Siderophore production
	HCN production
	Root colonization
	Water agar test
	Pot trials
	Flavonoid estimation
	Total protein
	Statistical analysis

	Results
	Discussion
	Conclusion
	Anchor 28
	Acknowledgements
	References


