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Abstract

Background and Objectives: Phosphate solubilizing bacteria could potentially benefit sustainable organic farming systems and
reduce the utilization of agrochemicals in agricultural fields. PSBisolation have been termed important prior to the use of biofertilizer
in crop productions. This study was conducted to isolate and determine the potential of PSB from the root system of D. a/atusin Northeast
Thailand. In order to understand the impact of the ecosystem services of D. a/atus in a land use system, we must address the absence
of knowledge on the influence of soil fertility on biological processes within the soil. Materials and Methods: PSB isolated from soil in
different provinces of Northeast Thailand, where soils are mainly sandy and retain a P deficiency. PSB isolates were tested using different
P sources [Tri-calcium phosphate (Ca;(PO,),) and ferric phosphate (FePO,)] on specific culture media [National Botanical Research Institute
Phosphate Growth Medium, (NBRIP)] under controlled conditions. Results: Our results indicated that PSBisolated from Amnat Charoen,
Khon Kaen and Mukdahan provinces solubilized higher amounts of FePO,. The highest solubilisation activity was achieved for FePO,,
which is the main form of insoluble phosphate in acidic sandy soil. Indole acetic acid (IAA) production was also observed. These results
provide essential information on the influence of soil fertility upon D. a/atusecosystem services. Conclusion: Nguyenibacter vanlangensis
was the most abundant and solubilized a wide range of FePO, concentrations better than Ca;(PO,), and also produced indole-3-acetic
acid.
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INTRODUCTION

Soil microorganisms play a significant role in the food
chain and geochemical cycling of carbon, nitrogen, sulphur
and phosphorus™. Phosphate solubilizing bacteria (PSB)
such as Pseudomonas, Bacillus, Rhizobium, Burkholderia,
Achromobacter, Agrobacterium, Micrococcus, Aerobacter,
Flavobacterium and Erwinia have been found in the
rhizosphere, especially in fertile soils of forests and organic
farms*¢. Phosphate solubilizing bacteria (PSB) play a vital role
in supplying phosphorus to plants®’, which improves and
maintains the fertility of farmlands®. PSB are capable of
producing organic acids (acetate, formate, lactate, oxalate,
malate and citrate), amino acids, vitamins and growth
promoting substances (IAA/indole-3-acetic acid and
gibberellic acid) that stimulate the growth of the plants’*1°,
The mineralization of organic phosphate has been reported
to be mediated through the production of phosphatase
enzymes (phosphomonoesterase, phosphodiesterase,
triphosphomonoesterase and phosphoramidase) that
hydrolyse?'* organic-P into H,PO,~and HPO,. Research on PSB
could potentially benefit sustainable organic farming systems,
especially in Northeast Thailand and reduce the utilization of
agrochemicals in agricultural fields. Because isolation of PSB
have been termed important prior to the use of PSB as a
biofertilizer in crop productions', this study was conducted to
determine the potential of PSB isolated from the root system
of D. alatus in different provinces of Northeast Thailand.

MATERIALS AND METHODS

Study area: The experiment was conducted in Amnat
Charoen, Khon Kaen, Mahasarakham, Mukdahan, Roi Et and
Yasothon provinces of Northeast Thailand from October, 2017
to September, 2018.

Sampling site and soil sample collection: Djpterocarpus
alatustrees that were studied were located in Amnat Charoen,
Khon Kaen, Maha Sarakham, Mukdahan, Roi Et and Yasothon
provinces of Northeast Thailand, which are characterized by a
tropical climate with acidic sandy soils. Soil samples were
collected at a depth of 0-10 cm from root system of D. alatus,
with 10 replicates (n = 10) and were preserved in plastic bags
at 4°C for chemical and physical analysis along with PSB
isolation.

Isolation of phosphate solubilizing bacteria by enrichment
culture: To extract the PSB, 5 g of each soil sample was
transferred to the National Botanical Research Institute’s

Phosphate growth medium (NBRIP)'. This liquid growth
medium contained 10 g glucose, 5 g MgCl,-6H,0, 0.25 g
MgSO,-7H,0, 0.2 g KCl and 0.1 g (NH,),SO, L=". A modified
NBRIP media, containing either FePO, or Ca; (PO,), as the sole
source of insoluble P, was also used in the initial screening
step. The pH of the agar medium was adjusted to 7.0. The
sources of insoluble P were autoclaved separately and other
sterile ingredients were aseptically mixed in after autoclaving.
Erlenmeyer flasks containing 50 mL of the medium with
inoculants were incubated for 3 days at 30°Cin an incubator
shaker at medium speed (150 cycles min~'). During the next
3 days, 5 mL of the medium incubated with inoculants were
again transferred into 50 mL Erlenmeyer flasks with new liquid
medium at 30°C in an incubator shaker at medium speed. At
the end of each 3 days cycle in the NBRIP growth liquid media,
aliquots of each dilution were spread over the NBRIP
medium and further incubated at 30°Cfor 7 days. After 6 PSB
isolations, colonies were selected from the plates based on
the appearance of a clear halo and the clones were further
purified on a minimal medium, based on each insoluble
phosphate form. Once purified, each isolate was stored in
glycerol stock at -20°C.

Mineral phosphate solubilisation: The phosphate
solubilizing (PS) activity of each isolate was determined
through 4 replicates by the molybdenum-blue method's. The
isolates were grown in NBRIP liquid media containing
different insoluble forms of phosphate [Ca; (PO,), and
FePO,] for 3 days at 30°C in an incubator shaker at
medium speed (150 cycles min~'). The solubilisation
efficiencies were determined by reactions with ammonium
molybdate for phosphorus compounds, such as ammonium
phosphomolybdate and reduced to molybdenum blue with
a compound ascorbic acid. Later, the isolates were incubated
for 30 min at room temperature for colour development.
Lastly, the absorption of light within a 580 nm wavelength was
measured with a Shimadzu UV-120-01 spectrophotometer.
The concentration of PS activity was compared to a standard
curve of KH,PO, at concentrations ranging from 0-0.9 mL.

Indole acetic acid production (IAA): PSB strains that were
selected based on their ability to solubilize P were analysed
for IAA production’. The selective bacterial strains were
grown in 50 mL of Luria-Bertani medium (LB), containing
10g L' Tryptone, 5 g L7" NaCl and 5 gL' yeast extract at
30°C for 2 days. The 5 mL of PSB solutions were tested
through their reaction with 1 mL of Tris-TMRT reagent,
containing 10 g L=' D-mannitol, 0.2 g L™ yeast extract,
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0.2 g L' CaCl,2H,0, 0.2 gL' MgSO,7H,0, 1.21 g L™
Tris-base and 0.061 g L' L-Tryptophan, at 28°C for 10 days.
The 2 mL mixtures were synthesized with 0.01 M FeCl;in 35%
HCIO, for 30 min at 25°C in a dark setting. The positively
isolated mixtures presented a red colour indicating indole
acetic acid production. To determine the volume of IAA
production, the PSB centrifugation (14,000 rpm), at
which time the suspended supernatant was reacted with
0.01 of M FeCl; in 35% HCIO, for 30 min, at 25°C, in dark
conditions. We measured the absorbance at 660 nm to
calculate the concentration of indole acetic acid
produced by the bacteria, which was compared to a
standard curve of IAA at concentrations ranging from
0-150 mg mL™".

PCR amplification of 16S rRNA and sequencing: The
gene-encoding 16S rRNA was amplified from selected strains
by the polymerase chain reaction (PCR) using bacterial
universal primers 20F (5-GAGTTT GAT CCT GGCTCA G-3') and
1500R (5 -GTT ACC TTG TTA CGA CTT-3")"7. The PCR mix
consisted of 2.0 uM of each primer, 10 pL of 10X tag buffer,
2.5 U of Tag DNA polymerase, 2.0 mM MgCl, and 0.2 mM dNTP
at pH 8.8 that contained (NH,),SO,, which was comprised of
750 mM Tris-HCl, 200 mM (NH,),SO, and 0.1% Tween 20. The
following cycle conditions were carried out: an initial
denaturation step at 94°C for 3 min, followed by 25 cycles of
94°Cfor 1 min, annealing at 50°C for 1 min and elongation at
72°C for 2 min, followed by a final amplification step at 72°C
for 3 min (Geneaid Biotech Ltd., Taiwan). The PCR products
were purified from agarose gels with the PCR Clean-up Gel
Extraction Kit (Macherey-Nagel, Germany) and sequenced. The
nucleotide sequences were compared using the BLASTn

Table 1: Soil properties in different provinces of Northeast Thailand

program'™ and the closest match of known phylogenetic
affiliation was used to assign the isolated strains to specific
taxonomic groups.

Statistical analysis: An analysis of variance was conducted on
data obtained from each parameter in each treatment. All
analysis were carried out using Statistic version 8.0. The least
significant differences (LSD) were calculated at p<0.05.
Duncan’s multiple-range test was employed to test the
significant differences between treatments.

RESULTS AND DISCUSSION

Soil chemical and physical analysis: The results of the
analysis of measured chemical properties within the soil in all
sites are shown in Table 1. A pH of 5.4 represented the
successful growth of specific microorganisms, like bacteria.
Soil pH, total N, available P, exchangeable K Ca and Mg,
organic matter (OM) as well as the electrical conductivity (EC)
were not significantly different, however, soil moisture, soil
density, total P and cation exchange capacity (CEQC)
demonstrated a significant difference. The relevant chemical
properties of soil were: (i) Soil reaction (pH), (i) Organic matter
content and (iii) Fertility status. Microorganisms, such as
bacteria, fungi, actinomycetes, algae and protozoa help in
improving soil structure, aeration, water permeability and soil
nutrient availability. Soil pH may decrease in summer, due to
the activities of the microorganisms. Acidity or alkalinity of soil
influences the biological activity in soil and the availability of
certain minerals, such as phosphates. Sound soil moisture
improves nutrient uptake and its fertility status can be further
improved through proper soil management'®.

Root rhizosphere of Djpterocarpus alatusin different provinces

Soil properties Amnat Charoen Khon Kaen Maha Sarakham Mukdahan Roi Et Yasothon F-test
pH (1:1 H,0) 6.13 572 6.22 5.78 6.21 6.34 ns
Total N (%) (micro-Kjeldahl) 0.06 0.07 0.07 0.07 0.05 0.06 ns
Total P (mg kg™") 547.61° 365.30% 348.94% 252.06° 233.93° 270.18° *
Available P (mg kg~') (Bray Il method) 14.15 14.62 2843 13.00 16.89 36.00 ns
Exchangeable K (mg kg=") 150.51 199.39 120.33 155.34 75.54 160.25 ns
Exchangeable Ca (mg kg™") 456.32 639.91 816.74 416.24 342.77 454.47 ns
Exchangeable Mg (mg kg=") 134.86 154.47 128.30 146.86 54.89 111.44 ns
Exchangeable Na (mg kg™ 25.40% 17.97% 47.05? 6.63° 23.08% 8.63° *
OM (%) 137 177 1.46 147 1.14 135 ns
EC(mScm™) 0.06 0.11 0.14 0.05 0.07 0.06 ns
CEC(Cmol kg™ 5.28% 6.40° 6.00° 4.92% 3.49° 4.92% *
Moisture (%) 5.75% 10.07° 7.24% 9.07° 3.78*® 2.40° *
Density (g cm™) 1.110 1422 1.29% 1.34% 1.35% 1.40% *

OM:Organic matter, EC: Electrical conductivity, CEC: Cation exchange capacity, ns: Not significantly different, *: Significant difference at p<0.05, different letters indicate

a significant difference at p<0.05
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Table 2: Phosphate solubilizing effectiveness of tested bacteria from root
Solubilized phosphate (ppm)

PSB-isolates Ca;(PO,),** FePO,
Al 0.00¢ 1.34
A2 1.05° 2.12
K1 1.96 1.95
M1 1.882 1.88
M2 0.00¢ 1.95
M3 0.01¢ 1.99

PSB: Phosphate solubilizing bacteria, **Significant difference at p<0.01, different
letters indicate a significant difference at p<0.05

Table 3: Indole acetic acid production properties of PSB isolates from root
rhizosphere of Dipterocarpus alatus

PSB-Isolates IAA production (mg L")
Al 102.56°

A2 260.792

K1 236.28%

M1 171.17%

M2 237.78%®

M3 300.422

F-test *

CV (%) 37.70

PSB: Phosphate solubilizing bacteria, IAA: Indole acetic acid, **Significant
difference at p<0.01, different letters indicate a significant difference at p<0.01

PSB Isolation: Populations of PSB observed from different
collected soil samples around the root rhizosphere of D. alatus
in Northeast Thailand grown on various media are shown in
Table 2. Only 6 isolates showed the formation of halozones
around the growing colonies (Fig. 1). The phosphates tested
(Cas(PO,), and FePO,) were clearly dissolved by growing
colonies. FePO, are the main form of insoluble phosphate in
acidic sandy soil’. This preliminary observation suggests the
existence of bacterial isolates that exhibited different degrees
of PS efficiency in the soil samples collected. Plant growth
promoting bacteria (PGPB) found in the agricultural
rhizosphere of plants play a key role in soil P dynamics and
catalyse the hydrolysis of organic phosphate esters into
orthophosphate anions, through phosphatases?. Phosphatase
efficiency is related to the microbial fauna, soil temperature,
humidity, pH, carbon and nitrogen sources?', in addition to the
associated bacterial communities?2. Other significant factors
include the physiological state of the plant and the type of
rooting.

Phosphate solubilisation efficiency: The isolates were
differentiated based upon morphological observation and
biochemical characterization (Table 2). For the 6 purified
isolates, our results showed that free-living bacteria play a key
role in soil P dynamics, which catalyse the hydrolysis of
inorganic phosphate into orthophosphate anions while using
phosphatases to improve P availability. The four isolates that

1

Fig. 1: PSB colonies

solubilized Ca;(PO,), and the 6 that solubilized

isolates
FePO, are able to solubilize the main forms of insoluble
phosphates in acidic sandy soils?>. After evaluating their P
solubilisation capacities, we concluded that each of the
6 isolates solubilized FePO, better than Ca; (PO,),, especially
the isolates found in the Amnat Charoen, Khon Kaen and
Mukdahan provinces.

IAA production of PSBisolates: The microorganismsisolated
from the root rhizosphere of D. alatusin Northeast Thailand
had the ability to produce IAA as secondary metabolites. IAA
is generally considered the most important native auxin on
root growth in seedlings, especially root elongation. This
group of bacteria is known as plant growth promoting
bacteria (PGPB). IAA production contributes to plant growth
through phytostabilization and by increasing the root and
shoot biomasses?*, which are involved in nutrient uptake®. In
this study, the plant growth promoting effects of selected PSB
were evaluated through the analysis of IAA production. IAA
production was observed in PSB isolates A1, A2, K1, M1, M2
and M3, which indicated that these strains could utilize
L-tryptophan as a precursor for growth. Phosphate solubilizing
bacteria M3 and A2 achieved the highest IAA production
(300.42 and 260.79 mg L™, respectively, Table 3). IAA
production in bacteria varied among different species and
strains and was also influenced by culture condition, growth
stage and substrate availability?®. Additionally, the production
of IAA was greater in YMD, than in LB media and the YMD
media with tryptophan proved more suitable for IAA
production, compared to YMD without tryptophan?.
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Identification of PSB isolates: Nucleotide sequencing of
PCR-amplified 16S rRNA genes and sequence comparisons
with available data in the GenBank using the BLAST
algorithm™ allowed us to identify the majority of the PSB
isolates (Table 2). Based on a sequence identification of
99.92% or greater®, they were all isolates similar to species of
the Nguyenibacter genus. The Nguyenibacter vanlangensis
strain seems to be more able to solubilize FePO, and produce
IAA.

CONCLUSION

Phosphate solubilizing bacteria (PSB) were found in
different root rhizospheres of D. alatus trees, indicating that
their wide distribution. Nguyenibacter vanlangensis was the
most abundant and solubilized a wide range of FePQO,
concentrations better than Ca;(PO,), and also produced
indole-3-acetic acid.

SIGNIFICANCE STATEMENT

This study discovers N. vanlangensis under root
rhizospheres of D. alatus trees that can be beneficial for
solubilized FePO, and also produced indole-3-acetic acid. This
study will help the researcher to uncover the diversity of
phosphate solubilizing bacteria in different root rhizospheres
that many researchers were not able to explore. Thus, a new
agricultural utility bacteria and possibly function may be
arrived at.
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