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Abstract

Rhizobacteria and endophytic bacteria are popular for its abilities in influencing plant growth and
development. The strategy employed these bacteria as biofertilizer for planting is believed to bring
several benefits such as low cost, eco-friendly, and feasible. One of the remarkable products for plant
growth promoting provided by rhizobacteria and endophytic bacteria were the advantageous enzymes
such as 1-aminocyclopropane-1-carboxylate deaminase, phosphatase, and cellulase. These biocatalysts
then involve in several direct or indirect pathways of nutrient, growth factor, and/or defense factor
synthesizes. From five different essential leafy vegetables in Thailand, this study aimed to investigate
the plant growth promoting potentials of endophytic bacteria and rhizobacteria isolated from root
tissue and rhizosphere, respectively, via IAA quantitative and enzyme activity assays. The selected
bacterial strains were further identified using 16S rRNA gene sequencing and observed their interaction
with plant root using scanning electron microscope method. Our study, thus far, has isolated two
bacterial strains of Bacillus subtilis MSE5 and Bacillus cereus AVR1, respectively, with multifunctional
traits of potential on the plant growth. Importantly, these two strains of MSE5 and AVR1 had shown
the capacity to advance root colonization. Therefore, MSE5 and AVR1 are recommended for further
studies in developing eco-friendly biofertilizer. In addition, some novel cellulose-degrading bacterial
strains with significant potential on hydrolysis capacity were also isolated that might be valuable for
industrial applications.
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INTRODUCTION

Root colonization is defined as the
capability of bacteria to proliferate and multiply
in the rising root under the soil.* Rhizobacteria are
members of rhizosphere bacteria group that have
the ability of root colonization as well as other
impacts on plant growth and health through various
mechanisms.?® In 1986, beneficial rhizobacteria
has been mentioned as plant growth promoting
rhizobacteria (PGPR).2 The PGPR plays an essential
role in crop production as bio fertilizer with its
advantages including low cost, environmentally
friendly and easy practical application,* whereas
endophytic bacteria can infiltrate the plant’s
interior tissue without causing harm to the host.>®
Both endophytes and rhizobacteria have an great
influence on plant growth and development
through different benefits including biological
nitrogen fixation, growth hormone secretion
(cytokinin and gibberellins), nutrient uptake and
assimilation (phosphate solubilization, ammonia
and siderophores production). Moreover, they also
play key role in regulating plant stress responses in
order to cope with biotic and abiotic stresses.”*°
Given that the potentiality of endophytes as
agrochemicals is steadily increased, diverse
microbial endophytes associated with medicinal
plants have been studied and found to exhibit
antimicrobial activity against phytopathogens
and human pathogenic microbes, produce
several extracellular enzymes, effect on plant
growth parameters including root elongation,
length and weights.'*'¢ Bacterial endophytes are
considered to have a closer relationship with the
host and live in a more sustainable environment
than rhizobacteria.’*® Moreover, endophytes
habitually initiate from the soil which may related
to rhizosphere or phyllosphere and infect the plant
through root cracks as capable root colonizers.®*°
Thus, research on the relationship of rhizobacteria
and endophytic bacteria with the host plant and
the study area can implement aspects of microbial
population diversity. Since then, the effect of those
bacteria on crops and soil has been further clarified
to contribute to the sustainable production of
vegetable crops.

In Thailand, leafy vegetables have
been chosen as one of the main ingredients of
the meal due to its high nutritional value, low

cost of planting and easy growth. Some reports
have shown the ability of leafy vegetables in
reducing the risk of some diseases relating to
diet.” In addition, they contain large amounts of
antioxidants, beta-carotene, retinol, and other
nutrients that lead to the application of them as
elements for medicines.?**

Endophytic bacteria have important roles
in a variety of plant growth processes, promoting
both direct and indirect methods. The concept is
similar to how rhizobacteria involve in the microbial
synthesis of phytohormones, furthermore is the
potential to produce 1-aminocyclopropane-1-
carboxylate (ACC) deaminase, phosphatase, and
resistant environmental stress via endospores.
In addition, several growth-related processes in
plant are manipulated based on the presence and
concentration of ethylene. Belong to ethylene,
IAA and other enzymes may have agonistic or
antagonistic effects on metabolism pathways that
promote plant growth, highlighting the necessity
of extremely precise hormone localisation and
homeostasis in various cells and plant tissues.?
For instance, they are involved in stimulating
root hair production while suppressing main root
elongation, or lateral root creation and hypocotyl
elongation.?>%

Both endophytic bacteria and
rhizobacteria have the ability for producing
ACC deaminase, which converts ammonia and
a-ketobutyrate into nitrogen sources for beneficial
bacteria. Moreover, ACC works as a precursor of
ethylene production, resulting in root and shoots
elongation as well as protection from the inhibitory
effects of ethylene on the plant. Therefore, plants
with endophytic ACC deaminase-producing
bacteria become more stress resistant.?’ Hence,
the use of low doses of ACC may enhance ethylene
biosynthesis, increased the initiation of lateral root
primordial, the reverse showed that initiate lateral
root primordial were inhibited and the growth
of already existing lateral roots was favored.
Especially, under constant flooded conditions,
the synthesis of ACC deaminase was discovered
to be a helpful characteristic for elongation and
endophytic colonization of rice roots.?

Enzymatic production is one of the
plant growth promotion activities that produce
from plant growth promoting microorganism.
Cellulase is an enzyme that can degrade cellulose
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that contains in the cell wall of plant.? Cellulase
is produced by fungi or bacteria, but bacteria
have significant potential in cellulase production.
Although the synthesis of cellulase by bacteria
is not frequently used, Cellulomonas, Cellvibrio,
Pseudomonas, Bacillus, and Micrococcus have
been shown to have cellulolytic properties.3®
Cellulolytic microbial inoculant is demanded
for composting process. Also, they can convert
agricultural wastes to become organic fertilizer.
In recent years, scientists became
aware of the frightening impact of agricultural
waste on the environment. The previous studies
have reported that a wide number of fertilizers
and pesticides were not utilized by plant and
lost to the environment such as lake, river, and
marine systems. The use of chemical fertilizers
causes air and groundwater pollution as a result
of eutrophication of water bodies.?* Research
on microorganisms in agriculture, namely that
endophytic bacteria and rhizobacteria plays
an essential role in the biocontrol of plant
pathogens, as well as decreasing the environmental
repercussions of chemical fertilizers and pesticides.
This study aimed to isolate, identify bacterial
species, and demonstrate the potential abilities
of endophytic bacteria and rhizobacteria screened
from root and rhizosphere of five different types
of vegetables in stimulating plant growth. In
this research, five kinds of vegetable have been
selected to study including Ipomoea aquatica
(Morning Glory), Basella alba (Ceylon Spinach),
Cymbopogon citratus (Lemon Grass), Amaranthus
viridis (Amaranth) and Piper sarmentosum Roxb.
(Wild Betel Leaf Bush). Moreover, the interaction
between root and rhizosphere and inner root and
endophytic bacteria were investigated by scanning
electron microscope method. The results were
recommended optimal bacterial strains to be used
as commercial biofertilizer strains to improve the
quality of soil and environment to further studies.

MATERIALS AND METHODS

Sampling

Rhizosphere soil and roots of five healthy
vegetables were randomly collected at two
various field plots in Khon Kaen, Thailand, namely,
Ipomoea aquatica (Morning Glory), Basella alba
(Ceylon Spinach), Cymbopogon citratus (Lemon

Grass), Amaranthus viridis (Amaranth) and Piper
sarmentosum Roxb (Wild Betel Leaf bush).

Isolation of Bacteria

Rhizobacteria were isolated from soil
adhered to roots, 10 g soil sample and 90 ml sterile
distilled water were mixed, then incubated at 30
t 2°C for 2 days under shaking condition. Serial
dilution was made; 0.1 ml of soil suspensions of
103 to 10° were spread on plate count agar (PCA).
Endophytes were isolated from the root portions
of the plant samples by using the modify method
of Dobereiner et al.3> The samples were surface
sterilized with running tap water to remove the
soil, immersed in commercial detergent for 5
min, dipped in 70% ethanol for 30 sec, submersed
in 5% NaOCl for 15 min, and washed again with
sterile distilled water. The final wash solution
was spread on PCA plate, incubated at 30 + 2°C
for 1-2 days to verify the surface sterilization
was uncontaminated. The sterile sample was
cut into small pieces and homogenized in sterile
distilled water. Dilution series from sample were
prepared, 0.1 ml of each dilution of 102 were
spread on tryptic soy agar (TSA), subcultured
and incubated at 30 + 2°C to collect the pure
isolates. Isolated colonies of rhizobacteria and
endophytic bacteria were counted; endophytes
and rhizosphere populations were performed
as CFU/g of sample, observed, and grouped on
the basis of morphology characteristics (shape,
motility, color) based on naked eyes and under
light microscope. The Gram stain reaction was
performed as followed by Vincent et al.?® The
purified isolates were preserved in 20% glycerol
solution at 4°C for further study.

Indole-3-Acetic Acid (IAA) Assay

All isolated pure cultures were tested
for the ability of IAA production. Firstly, 0.5 mL
of 24 hours bacterial suspension was inoculated
in 10 ml of nutrient broth (NB) containing 1g/L of
L-tryptophan that acts as a physiological precursor
for the production of auxins in microorganisms
and plants, then incubated at 30 + 2°C under
shaking condition for 48 hours.** After centrifuged
at 8000 rpm for 20 min, 1 ml of supernatant was
mixed with 2 ml of Salkowski’s reagent and kept
stable for 25 min in the dark room. The blank
sample consisted of 1 ml of NB, tryptophan, and
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2 ml of Salkowski’s reagent. The IAA production
was estimated from the absorbance at 530 nm
by spectrophotometer and evaluated data by
using IAA standard (10-100 pg/ml). The high IAA
production isolates were selected to be used in
further investigations.

Enzyme Activity Assays
Cellulase Enzyme Assay

The cellulolytic activity of selected
bacterial from IAA assay was estimated using
method described by Ariffin et al.3* The bacteria
were cultured on carboxymethyl cellulose (CMC)
agar and incubated at 30°C for 5 days. Congo red
dye (1% w/v) was added until flooded to the plate,
drained, and rinsed with 1M NaCl for 15 min each
part. The clear zones formed by the isolates that
showed cellulose degradation were recorded to
calculate hydrolysis capacity. Further, to select the
high potential on cellulase activity producer, the
hydrolysis capacity (HC) of bacteria was calculated
from the ratio between the diameter of the clear
zone and bacterial colony.®*

ACC Deaminase Enzyme Assay

The ACC deaminase activity was
determined followed by Kumar et al. with
some changes. First, bacterial suspension was
centrifuged at 8000 rpm, cell pellet was washed
and re-suspended in Dworkin and Foster (DF)
mineral medium (7.5 mL) containing 3 mM ACC.37
The samples were incubated at 30 + 2°C for 24
hours, re-suspended in 1 ml of 0.1 M Tris-HCl buffer
(pH 7.6), and centrifuged it again. The pellet was
added 0.6 mL of 0.1 M Tris—HCI buffer, vortex and
added 30 ul of toluene. Samples were measured by
spectrophotometer at wavelength 540 nm, using
a blank as non-inoculated and ACC solution.

Phosphatase Enzyme Assay

First, 38 isolates were point inoculated on
TSA medium and incubation for 24-48h at 30°C.
Then, 0.5% phenolphthalein diphosphate solution
was prepared by using filtration (0.22 m) and was
added until flooded to the plate. The disclosure
was performed by dropping NH,OH (8.4%) on the
Petri dish and reading after 15 min. The positive
result was indicated by the formation of a pink
zone which was scored at 1+ to 4+ from a pale
pink to a deep red.3®

Identification Selected Isolates

The bacterial strains exhibiting the highest
multifunctional traits were identified on the basic
of 16S rRNA gene sequence. Bacterial genomic
DNA was extracted from the precipitate using the
TIANAMP Bacterial DNA kit of Tiangen biotech
(Beijing) Co., Ltd., China. The 16S rRNA gene was
then amplified with universal primer pair 8F (5'-
AGA GTT TGA TCM TGG CTC AG-3’) and 1512R
(5’-ACG GYTACCTTG TTA CGA CTT-3’), which were
carried out in a FlexCycler2 PCR thermal cycler
(Analytik Jena, Germany).* The PCR products were
purified using gel extraction kit, then sequenced
using the 3500 genetic analyzer. After that, Basic
Local Alignment Search for Nucleotide software
to match the gene sequences of various bacterial
strains to bacteria sequences was conducted using
National Center for Biotechnology Information
data banks.*

Root Colonization Assay
Scanning Electron Microscopy

The Morning Glory seed was prepared
by surface sterilized with 5% NaOCl and 70%
alcohol, the final wash solution was dropped on
NA medium to verify the surface sterilization was
uncontaminated. The sterilized seed was soaked
in bacteria suspension for 2 hours, and aseptically
transferred to sterile bottles of Hoagland’s nutrient
agar, then kept in the dark room for 7 days. Four
kinds of treatment, MSE5 bacteria suspension,
AVR1 bacteria suspension, the mixture of both
bacterial suspension and distilled water were
prepared. The rooting of 7 days old of each
treatment were randomly selected from plant
growth bottles and were separately cut the root
and shoot. After washed two times by phosphate
saline buffer (PSB), tissue samples were fixed in
2.5% glutaraldehyde in the refrigerator (4°C) for 2
hours. The fixed roots were washed three times in
PSB for 10 min and dehydrated in a serial alcohol
from 50 — 100% ethanol for 15 min each. For
endophytic bacteria and rhizobacteria observation,
a protocol of Altschul et al. was followed with some
changes.*® All samples were fixed critical point
drying by CO, dryer and metalized with 10 mA
of gold-palladium (Sputter Coater Cressington
108auto). The samples were assessed under a field
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emission scanning electron microscope (1450VP
SEM, Zeiss, England) operated at 13kV.

RESULTS AND DISCUSSION

Isolation of Rhizobacteria (RB) and Endophytic
Bacteria (EB) from Rhizosphere and Root of
Vegetable Samples

From soils and interior root of five
different vegetable samples within the areas of
Khon Kaen province, a total of 38 isolates with
different character of colony morphologies in
each treatment were obtained. Twenty-six of
rhizobacteria isolates were found whereas 12
isolates of endophytic bacteria were obtained from
root samples. The number of viable rhizobacteria
in each sample ranged from 3.53x 107 t0 9.43 x 107
CFU ml* while the number of viable endophytic
bacteria was considerably lower which ranged
from 1.23 x 10° to 2.14 x 10° CFU ml™. As shown
in Figure 1, the data showed that there were not
significant differences in both rhizobacteria and
endophytic bacteria in all kinds of vegetable.
However, the amount of both kinds of bacteria

in MS sample was showed significantly different
from AV sample. The CFU of WB and AV were
showed highest results groups of rhizobacteria
while LG and AV were recorded with quite high
results of endophytic bacteria. Among 38 isolates,
29 isolates were gram positive and bacterial
endospores; 9 isolates were gram negative.

The plant-microbe interaction through
the root system was studied to advance good
aspects of this relationship such as enhancing
plant growth and development, stimulating
disease resistance.! The impact of these microbes
on the ecology when applying to the natural
environment, particularly, on different soil types
is challenged that need to be considered. Applied
microbes can modify soil ecosystem utility, hence
influencing on soil microflora and other plant
microbial community.** The CFU results of both
rhizobacteria and endophytic bacteria did not
represent significant characteristics or differences
between five kinds of vegetables. In addition,
these 38 strains showed similarity between them
when more than three quarters of Gram and
endospore staining results were positive. Thus,
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Figure 1. The colony-forming unit (CFU) of rhizobacteria (RB) and endophytic (EB) bacteria at 24 hours of incubation.
The values were log-transformed from CFU ml™ to stabilize the variance. At each sample, bars with the same letter
do not differ significantly by Tukey’s multiple range test at P < 0.05. Ipomoea aquatica (Morning Glory - MG), Basella
alba (Ceylon Spinach - MS), Cymbopogon citratus (Lemon Grass - LG), Amaranthus viridis (Amaranth - AV) and Piper

sarmentosum Roxb (Wild Betel Leafbush - WB).
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those bacteria are predicted to be native strains
at the local province. Notably, inoculation using
native microbes, which are referred to as plant
growth promoters, have shown the effect in
different plant species without disordering to the
rhizosphere microbial diversity until one year after
inoculation under drought stress in greenhouse
conditions.*! Locally isolated strains may be a
critical source for plant growth promoting as it
limits unwanted environment impacts in practical
usage on multiple crops.

IAA Content by Bacteria Strains

The result revealed that all isolates had
ability to produce the IAA and this result was
consistent with the study of Zheng et al. that
more than 60% of endogenous bacteria had ability
to synthesizing IAA.*? IAA production level by
rhizospheric bacteria, it ranged from 2.175+0.25
pg/mLto 8.39740.46 pug/mL, which was significantly
higher than that from endophytic bacteria, varied
from 3.043+0.15 pg/mL to 4.242+0.35 pg/mL. The
group of rhizospheric bacteria with highest I1AA
level was observed in the results of isolate MSR7
(8.39740.46 pg/mL), isolate LGR5 (7.8914+1.62
pg/mL) and isolate AVR1 (6.8687+0.49 pg/mL).
Whereas isolate MGE4 (4.242+0.35 pg/mL) and
isolate MSE5 (4.0909%0.59 pg/mL) were the
highest IAA-producing endophytic bacteria.

Although all evaluated isolates have
ability to produce plant hormone IAA in this study,
the amounts of IAA produced in vitro similar
greatly due to insignificant differences at P < 0.05
by Tukey’s test. The previous study of Datta et al.
revealed that IAA production almost by Gram-
negative bacteria while the present study showed
that 29/38 Gram positive strains and 9/38 Gram
negative strains were positive on IAA biosynthesis.**
IAA concentrations of Gram-positive bacteria
ranged from 2.715+0.25 pg/mL to 6.869+0.49
pug/mL, while the general IAA concentration of
all isolates ranged from 2.175+0.25 pug/mL to
8.397+0.46 ug/mL. Therefore, it can be concluded
that Gram-positive bacteria produce a significant
amount of IAA in this investigation. Tryptophan is
known as the primary precursor of IAA in plants,
thus leading the availability of tryptophan to
influence the generation of IAA by numerous
bacteria in culture.** In this case, the result of
IAA production was true for 1 g/L of tryptophan.

According to the research of Pant et al., in the
presence of 1 g/L L-tryptophan the concentration
of IAA produced by the rhizobacteria ranged from
6 to 8 ug/mL, this is consistent with the data of
this study (2.175+0.25 pg/mL to 8.397+0.46 ug/
mL.** In the study of Swain et al., B. subtilis was
expanded in IAA production was watched up to
concentration of tryptophan 1 g/L and there was
a slight diminish at higher concentrations, and its
reach maximum value on the 10%" day.*® This opens
the prospect that if the bacterial strains are culture
in more than 2 days, the amount of IAA obtained
will be higher or achieve maximum value.

Plant Growth Promoting Related Enzymes
Production by Rhizobacteria and Endophytic
Bacteria

After inoculation, the bacterial strains
were biochemically experiments for three plant
growth promotion properties including ACC
deaminase, cellulase and phosphatase. Among
them, evidence of cellulase decomposition activity
was observed in 27 strains while there were 14 and
24 isolates that revealed to produce phosphatase
and ACC deaminase, respectively. According to
Florencio et al., the enzymatic index (HC value)
by strains that are higher than 1.50 indicated the
potential of cellulase producing.*” The HC value
results were recorded of 24 cases with values

Table 1. The detection of 3 enzymes activities involved
in plant growth promoting of seven multifunctional
isolates

Isolate Cellulase Phosphatase ACC
activity activity deaminase
(HC value) activity
MSE5 1.83+0.19« ++ v
LGR3 2.2610.31% + v
LGR7 2.04+0.34« + v
LGE1 1.38+0.32¢ + v
AVR1 2.80+0.08° ++ v
AVR2 5.17+0.29° + v
AVE4 2.17+0.27" + N

‘HC’ refer to hydrolysis capacity which calculated from the
results of cellulase enzyme assay, ‘v’ refer to the positive
result of ACC deaminase producing activity, ‘+’ correspond
to positive responses of phosphatase producing activity.
Values are displayed as means * standard deviations from
three replications followed by the same letter do not differ
significantly by Tukey’s multiple range test at P < 0.05.
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greater than 1.50 which varied between 1.83+0.19
to 20.33+0.58. In general, 7 of these 38 isolates
were exhibited results at all three enzyme assays
(Table 1). Combine with the result of IAA, two
growth promoting strains, namely MSE5 and
AVR1 showed stable and potential results in most
investigation. Consequently, they were selected for
further examination of seed germination and root
colonization, which are important in assessing the
practical applicability of them (Table 2).

In agricultural industries, cellulases have
a major impact on plants for supporting plant
disease control, improving soil quality and being
as a microbial inoculum for composting process,
however, there are some studies on cellulolytic
fungi such as Trichoderma sp., Gelidium sp. and
Penicillium sp. showing the ability of these species
to improve plant growth as well as root system,
seed germination and flowering. The study of
Sharma et al. suggested that phosphatase enzyme
could be a key factor in supporting germinating
seeds adapt to abiotic stresses.*® Thus, enzymatic
assays provide a straightforward yet effective
method to evaluate the plant growth promoting
traits of microorganisms in plant.

In cellulase assay, the results of WBRS5,
AVR2 and AVE1 make them a promising strain to be
developed as cellulolytic microbial inoculants for
biofertilizer production. The two isolates WBR5 and
AVR2 had the HC value over 5.0, AVE1’s HC value
was over 6.0 in particular (Figure 2). The clearing
zone and HC value are in the range between 11.0
to 21.0 mm and 5.08 to 6.56 respectively. This
outcome is quite different when compared to
previous studies shown in Table 3. Cellulases has
found applications in various industries other than
agriculture such as bioconversion, detergents,
fermentation, composting, food, pulp and paper,
textile, and others.*®* Therefore, these three
strains were able to continue further research on
microbial inoculants of cellulase activity.

Identification of Selected Bacteria Strains
Endophytic bacterium isolate MSE5
and rhizobacterium isolate AVR1 had been
characterized by 16S rRNA gene sequences. After
the sequencing of the 16S rRNA gene segment,
the attained sequences were aligned and analyzed
with other bacterial sequencing information in the
GenBank database (NCBI) using BLAST. The results

Table 2. Multifunctional traits displayed by selected isolates MSES5 and AVR1 for in vivo assays

Isolate  Gram  Endospore IAA Content Cellulase activity Phosphatase ACC deaminase
(ug/mL) (HC value) activity activity

MSES5 + + 4.0909 +0.592 1.83+0.19 ++ v

AVR1 + + 6.8687 £0.493 2.80+0.08 ++ v

‘HC’ refer to hydrolysis capacity which calculated from the results of cellulase enzyme assay, ‘v’ refer to the positive result of
ACC deaminase producing activity, ‘+’ correspond to positive responses of phosphatase producing activity. Values are displayed

as means = standard deviations from three replications.

\

Figure 2. Three isolates (WBR5, AVR2, and AVE1) showed outstanding cellulase production results after staining
with Congo red dye, as indicated by the clear white zones formed on the CMC agar plate.
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showed the 100% similarity of MSE5 with Bacillus
subtilis (accession number: NR113265.1) whereas
AVR1 highly similar to Bacillus cereus (accession
number: NRO74540.1) with 100% similarity.
The morphology features of the two bacterial
strains also corresponded to the characteristics
of the respective groups. Phylogenetic analysis
was established to assess the evolutionary

relationship of MSE5 and AVR1 with other species
(Figure 3 & 4).

Several researches have mentioned
various aspects of the wide application of Bacillus
spp. as elicitor of PGP. Bacillus subtilis, Bacillus
cereus and many members of the genus were
characterized as an effective PGPR in plant by both
direct and indirect pathways. Mechanisms of direct

85|MSES Endophytic bacterium isolate MSES
66 fl Bacillus subtilis strain JCM 1465 (T) NR 113265.1 I

- Bacillus halotolerans strain CR-95 (T) NR 115282.1

9N

Bacillus velezensis strain CBMB205 (T) NR 116240.1
il

Bacillus amyloliquefaciens strain BCRC 11601 (T) NR 116022.1
Bacillus safensis strain NBRC 100820 (T) NR 113945.1
Bacillus swezeyi strain NRRL B-41294 (T) NR 157608.1
Bacillus paralicheniformis strain KJ-16 (T) NR 137421.1
Bacillus haynesii strain NRRL B-41327 (T) NR 157609.1
Bacillus licheniformis strain DSM 13 (T) NR 118996. 1
Bacillus shackletonii strain LMG 18435 (T) NR 025373.1
Bacillus persicus strain B48 (T) NR 109140.1
Bacill leit strain JC228 (T) NR 134703.1

Bacillus borbori strain DX-4 (T) NR 132725.1

Pseudomonas sesami strain SI-P133 (T) NR 149822.1

—_
0.02

Figure 3. The phylogenetic tree of MSE5 was inferred using the Neighbor-Joining method of MEGA6. The number
beside the branches shows bootstrap values created after doing 1000 replicates. The analysis involved 15 nucleotide
sequences with a total of 1211 positions in the final dataset. Accession number of each sequence is written next
to taxon names. Pseudomonas sesami SI-P133 was used as the outgroup.

4i{AV.RT| Rhizobacterium isolate AVR1
8 WBacills cereus ATCC 14579 (1) NR_074540.1 |

3| Bacillus paramycoides strain MCCC 1404096 (T) NR_157734.1
1111 Bacillus gaemokensis strain BL3-6 (T) NR_116644.1

Bacillus cytotoxicus strain NVH 391-98 (T) NR_074914.1
Bacillus shackletonif strain LMG 18433 (T) NR_025373.1

& Bacillus ginsengisoli strain DCY$3 (T) NR_109068. 1

11| - Bacillus halmapalus strain DSM 8723 (T) NR_026144.1

77 L Bacillus cohnii strain DSM 6307 (T) NR_026138.1
Escherichia coli strain KCTC 2441 (T) EU014679.1

01

Figure 4. The phylogenetic tree of AVR1 was inferred using the Neighbor-Joining method of MEGA6. The number
beside the branches shows bootstrap values created after doing 1000 replicates. The analysis involved 9 nucleotide
sequences with a total of 1372 positions in the final dataset. Accession number of each sequence is written next
to taxon names. Escherichia coli KCTC was used as the outgroup.
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plant growth promotion of Bacillus spp. include
production of phytohormones, degradation
of cellulose, nitrogen fixation and others.>® In
addition, the biological control mechanisms by
which Bacillus spp. can promote plant growth
indirectly have been also remarked in many studies
such as antibiosis, induced systemic resistance in
host plant, and inhibited pathogens by competing
for nutrients.*®

Scanning Electron Microscopy (SEM)
Interaction between Morning glory
roots and shoots from endophytic bacteria and
rhizobacteria, namely AVR1 and MSES5, respectively,
was observed by SEM. Four treatments were
used: (1) inoculated seed plants with distilled
water. (2) inoculated seed plants with MSE5
bacteria suspension. (3) inoculated seed plants
with AVR1 bacteria suspension. (4) inoculated
seed plants with mixture suspension of both
bacteria. The reason for the treatment (4) was
to check the antagonism between two different
bacterial strains on the same plant. No bacteria
were observed on plants of treatment (1) (Figure
5A). The major MSE5 bacteria were observed to
be concentrated in large areas on the epidermal
surface (Figure 5B). The ovoid shape was recorded

(Figure 5C) and corresponded to the morphology
features of MSES. Bacteria mostly in pairs covering
the root and shoot surface. The fact that both root
and shoot epidermal surfaces were damaged in
strongly infested places shows that bacteria are
using an active invasion strategy. A large presence
of bacteria was identified in root samples infected
by the AVR1 bacteria extraction, primarily in

Table 3. The comparison of cellulase enzyme activity
results through clearing zone and enzymatic index
with other studies

Isolates / Clear zone  Enzymatic index
References (mm) (HC value)
WBR5 21° 5.08+0.14°
AVR2 11¢ 5.17+0.29°
AVE1 20° 6.56+0.19°
Hatami et al.*®® - 2.8°
Behera et al.*? - 2.5¢
Shailendra et al.>? - 2.7¢

Rasul et al.> 9.5¢ -
Chaiaharn et al.>* 12.164° -

‘HC’ refer to hydrolysis capacity which calculated from the
results of cellulase enzyme assay, ‘-’ indicate the information
was not mentioned in corresponding references. In the same
column, values followed by the same letter do not differ
significantly by Tukey’s multiple range tests at P < 0.05.

Figure 5. SEM of Morning Glory by 4 treatments. Note that no bacteria are present on the distilled water treatment
plants (A). The pointed ellipse shows the area invaded by MSE5 extraction, and mixture of MSE5 and AVR1,
respectively (B, E). Detailed view of zone, cell of the MSE5 bacteria was detected in the root and shoot while cell
of AVR1 bacterium was detected only in the root (C, D). The arrow indicates the location of the 2 kinds of bacteria
can be observed in the root and shoot of the co-inoculated plants. EC: epidermal cells. h: root hair. b: bacteria.
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the root hair zone, where bacteria appeared to
cling to the root epidermal cell, and rod-shaped
bacteria were observed (Figure 5D). This is true
when compared with the AVR1’s morphology
observed under the microscope. No rhizosphere
bacteria were detected in the tissues of the
shoot plants. The plants seed inoculated with
treatment (4) showed clusters of these bacteria
in the zones of the epidermal cells, which entered
the host tissue through injuries and mostly in pair
covering (Figure 5E). At higher magnification, two
different strains could be seen clearly, it is true
when compared with morphology of MSE5 and
AVR1 (arrowhead, Figure 5F). For the interaction
between endophytic bacteria and rhizobacteria,
this result presents clear support in this respect.
The amount of AVR1 bacteria in treatment (1) is
greater than the treatment (2) but only appearsin
the root zone. On the other hand, MSE5 bacteria
have appeared in the roots and can move up the
shoot; the number of these bacteria was relatively
high and homogeneous that proved its ability to
infect the root and shoot plant. This is consistent
with the isolation site of AVR1 bacteria and MSE5
bacteria. Altogether, this evidence indicated that
AVR1 belonged to rhizosphere and MSES5 bacteria
were suitable for the characteristic of endophytic
bacteria.

Examination of SEM revealed that MSES5,
AVR1 or mixture of them were able to colonize
in great extent the morning glory root surface.
The images of cross sections from roots after
inoculation with mixture of MSE5 and AVR1
confirmed the presence of both strains; however,
AVR1 showed more extensively and abundantly
than MSE5. The observations revealed that all
the three treatments formed micro-colonies on
the root surface by way of clusters of cells linked
to fibrillar material. The spatial distribution of
individual cells as well as those microcolonies of
MSES5 and AVR1 was concentrated in the area of
the epidermal cells at the root. These marked the
effect of bacterial colonization at the time of the
survey and subsequent higher bacterial population
development. In addition, the co-inoculation might
provide nutrient competition condition that leads
to enhanced interactions between microorganisms
and plants, thereby optimizing the promotion of
plant growth. As proposed by Shaharoona et al.,

some PGPR were more effective when nutrients
became limited and thus could save fertilizers.>”
Results from several previous studies have
reported the effectiveness of PGPR using mixture
of strains on many different plants.>>>®

CONCLUSION

This study has given an account of
initial results on development potential as
multifunctional bio-fertilizer of two strains MSE5
and AVR1. The strains have the characteristics to
create root colonization through SEM results and
were identified as Bacillus subtilis and Bacillus
cereus. The results of co-inoculation of two
strains, along with predictions of "native strains",
could possibly support to practical applicability.
Moreover, we have found some novel cellulose-
degrading bacterial strains with the high potential
on hydrolysis capacity and that might be valuable
in further microbial cellulase studies.
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