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ABSTRACT

Fungus-growing termites in Africa and Asia influence nutrient cycling in arid and subarid ecosystems. This experiment 
investigated the population and function of phosphate solubilizing bacteria (PSB) from the rhizosphere soils of 
paddy fields at 2 and 5 m from termite mounds and without termite mounds with the selective medium. Aluminum 
phosphate, tri-calcium phosphate, and ferric phosphate in the selective medium were used to determine mineral 
phosphate solubilization of PSB. The capacity to produce indole acetic acid (IAA) through a spectrophotometer and 
specific taxonomic groups was also determined. We found that Burkholderia gladioli, Burkholderia glumae and 
Priestia spp. from the rice field soil at the distance of 5 m from termite mounds predominantly existed, as indicated 
by high solubilization of aluminum phosphate (103.42–145.46 mg/L) and ferric phosphate (234.93–523.99 mg/L) 
and IAA production (382.01–586.58 mg/L). These results provide the diversity and potential of PSB in rice soil 
rhizosphere under ecosystem services with termite mounds. These bacteria may be a variety of microorganisms in the 
stomachs of termites and earthworms. They have a high potential for enhancing P availability with auxin hormones 
for plant growth.

1. INTRODUCTION

Thirty-five percent of rice fields in Northeast Thailand are unfavorable 
for the development of soil invertebrates [1]. This is due to three typical 
abiotic stresses in Thailand: flooding, drought, and heat, which result 
in anoxic soil conditions that limit the activities of soil invertebrates. 
Acid sandy soils are susceptible to erosion and compaction, low clay 
and nutrient contents, low water infiltration, and holding capacities. 
These factors decreased the yield potential of KDML105 and RD6 
to about 4 t/ha [2]. Organic nutrients are suitable in soils with clay 
contents below 5%, whereas soil invertebrates such as termites and 
earthworms improve soil’s chemical and physical properties. They 
create biological structures, such as nests and organic matter (OM), 
which influence biological and chemical soil cycling in the ecosystem 
and ultimately affect the growth of crops such as rice [3]. Paddy field 
ecosystems consist of small soil plots separated by a levee height of 
40 cm and various types of grasses. Termites often build mounds under 
trees and are beneficial for preserving soil biodiversity, protecting soil 
macrofauna, and providing adequate shade and humidity during the 
dry season [4]. Termites usually improve soil properties by producing 
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soil organo-mineral aggregates such as feces and mounds. They also 
create macropores in the form of galleries and chambers, which have 
unique physical, chemical, and biological properties for biogenic 
structures [5]. Termites have microorganisms in their stomachs, 
especially bacteria that can decompose and accumulate in the soil 
in termite mounds [4]. To increase the surface area accessible to soil 
microorganisms and own symbionts intestinal and speed up net decay, 
termites will chop up plant material with their mandibles and grind it 
with their gizzard. OM and mineral nutrients return to the soil through 
feces, salivary secretions, corpses, and predators, especially ant 
predation and mound erosion, which are important contributors to the 
ecosystem. Higher levels of total N, cationic exchange capacity, and 
mineral nutrients (Ca2+, Mg2+, K+, and P) were found in termite mound 
soils compared to surrounding soils [6-10]. In addition, earthworms 
are also important as they can penetrate the soil and create flakes to 
enhance soil fertility in the ecosystem [3]. Earthworm caves affect N 
and P cycling increase [11,12], the soil particle size composition [13], 
and the quantity, composition, and function of soil microorganisms, 
which indirectly affect the distribution of organic C [14,15] through 
their feeding, defecation, and soil mixing activities. Growing wheat 
with different earthworms increases bacterial and fungal contents in 
the soil [16].

Termite nest structures created to keep the humidity and temperature 
constant throughout all seasons make termites active in harsh 
environments. There are decomposition processes [17,18] and 
essential ecosystem services [19] during the dry season, where other 
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soil macroinvertebrates are diminished. Termite mound soils maintain 
several microorganisms, especially bacteria [20], and nutrient turnover 
in the ecosystem [21-23]. Some bacteria [24-27] isolated from termite 
mound soil could be utilized as a potential material for antimicrobial 
production [28,29], biofertilizers, and biocontrol [30], thereby 
environmental sustainability [31,32]. Acidic sandy soil in Northeast 
Thailand has low OM, water-holding capacity, and soil fertility, 
especially low levels of available P. To compensate for this, chemical 
fertilizers have been increasingly used in crop production and adversely 
impact phosphate solubilizing bacteria (PSB) diversity. To sustainable 
soil utilization, 10% of phosphate-dissolving microorganisms are 
associated with plant nutrition management [33,34]. PSBs are usually 
used to enhance P availability, cytokinin, and auxin to promote plant 
growth by acidification, chelation, and exchange reactions [35-
37]. Inorganic fertilizer with PSB changes the P acquirement and 
dispensation to improve crop yield [38]. Meanwhile, it also enhances 
the availability of definite micronutrients and mitigates and inhibits 
pathogenic microorganisms, consequently the nutritional status and 
crop health at a low cost [39,40]. The change of insoluble P by PSB is 
the main core for biofertilizers. The highest rice dry matter (1,101.11 g) 
was accumulated with NPK + PSB, which was higher than NP0K, 
NP0K + PSB, and NPK at 7.9%, 8.6%, and 13.27%, respectively. 
NP0K+PSB gave the highest (442.22) number of panicle m-2, which 
was significantly 40.70% and 37.68% higher over N0P0K0 + PSB 
and N0P0K0, respectively [41]. The application of di-ammonium 
phosphate (DAP) + rock phosphate + PSB had 20.7, 24.3,19.6, 21.0, 
28.1, 33, 15.2, 14.4 and 29.4% higher rice grain and straw yields, 
grain and straw P uptake, available and saloid P, dehydrogenase, acid 
phosphatase, and alkaline phosphatase activities, respectively, as 
compared to DAP treatment. Thus, the direct application of phosphorus 
(P) hardly exceeds 15–20% [42]. Enterobacter asburiae 30FPSSB1, E. 
mori NTTC11, Priestia aryabhattai KNB6, P. aryabhattai 49KNA2, 
P. megaterium 65KNA2, and Bacillus spp.  38DFWA exhibited rice 
growth-promoting traits through phosphate solubilization and indole 
acetic acid (IAA) production, respectively, ranging within 32–
42 mg/L and 5.3–340 mg/L. Some of these PSBs presented a broad 
range of antifungal activities, reducing the growth of phytopathogens 
by 10–35%. Bacillus spp.  38DFWA, P. aryabhattai KNB6, and P. 
megaterium 65KNA2 had increased biomasses of shoots by 33, 26 
and 23%, respectively, and roots by 34, 48 and 48%, respectively, 
which facilitated P availability and increased nutrient uptake in the 
plant tissues by 89, 96 and 143%, respectively. P. aryabhattai KNB6 
and E. mori NTTC11 greatly increased rice plant biomass and gave the 
highest P accumulation in plant tissues. Interestingly, P. aryabhattai 
KNB6 strongly increased P uptake in plant tissue by 121% and 
promoted rice growth by 22% in P-deficient soil [43].

However, phosphorus-solubilizing microorganisms inoculants, when 
introduced into the soil, may encounter furious competition from the 
indigenous soil microflora. Therefore, how quickly and efficiently 
do such microbes overcome stressful environmental variables [44]. 
Nitrogen (N) functionality of soil-inhabiting PSM and P solubilization 
activity [45]. It has been reported that with the decrease in pH, there was 
significantly more P solubilized in the presence of NH4Cl (129.65 mg/L) 
than in the presence of NH4NO3  (109.25  mg/L) [45]. Furthermore, 
ammonium is a better N source than nitrate [46]. Calcium added as 
CaCl2, CaCO3, and Ca(OH)2 reduces the P solubilization by Rhizobium 
and Bradyrhizobium from rock phosphate. The authority of CaCO3 
enhances the pH of the medium toward alkalinity, which inhibits the 
growth of bacteria and results in little solubilization [47]. In addition, 
heterogeneously distributed microbial communities exhibit varying 
capacities to solubilize P [48]. The genera Bacillus (B. polymyxa) 

and Pseudomonas (P. striata) have shown maximum P-solubilizing 
activity [49], followed by Penicillium and Aspergillus [50], whereas 
Streptomyces is the least effective one. At the center of Laos, termite 
mounds are used to grow vegetables and make charcoal kilns in a 
rice-growing village. Adebajo et al. [51] explored termite mounds 
as biofertilizers for solubilizing phosphate and potassium, producing 
IAA, and suppressing plant soil pathogens. Muon et al. [52] claim that 
using termite mounds to amend the soil increases the rice plants’ ability 
to withstand drought and pathogens. Miyagawa et al. [53] suggest that 
the traditional wisdom of termite mound utilization, including termite 
mushrooms, will be lost if the termite mounds have been completely 
used or destroyed. However, termites can be fed over 1–10 m where 
the humidity and temperature remain constant throughout all seasons. 
This makes them not far away from nest structures. Termites find their 
food in areas not far from their nests, and their waste is often deposited 
in the soil [4]. There is little research involving the diversity and 
function of bacteria in termite gut and the surrounding soil. Therefore, 
it is important to explore the effects of selected PSB on phosphate 
solubility, population size, and IAA hormone production capacity. 
This study aims to assess the role of termite mounds in increasing 
PSB diversity and bioavailability in paddy fields. The soil at a distance 
of 2 and 5 m from termite mounds was compared with soil in paddy 
fields without termite mounds. Understanding the potential of PSB in 
the rice paddy ecosystem can help manage rice cultivation efficiently 
and encourage farmers to use termite mound soil as a biofertilizer for 
various crops.

2. MATERIALS AND METHODS

2.1. Soil Sampling
The experimental site was conducted in rice fields with and without 
termite mounds in Wang Saeng sub-district, Chonnabot district, 
Khon Kaen province, Northeast Thailand, from 2021 to 2022. Soil 
samples in rice fields were collected at 0–10 cm depth from 2 and 
5  m away from termite mounds soil and without termite mounds. 
The samples were collected at 10 points and mixed before keeping 
in ziplock plastic bags at 4°C for chemical and physical analysis and 
PSB isolation.

2.2. Soil Chemical and Physical Measurement
The soil samples were air-dried, ground, and passed through a 2 mm 
sieve before being sent for analysis. Soil chemical and physical 
properties, including total N, available P, exchangeable K, Ca, and Mg, 
OM, soil pH, electrical conductivity (EC), cation exchange capacity 
(CEC), soil texture, percentage of sand, silt, and clay were measured 
at the Northeast Agriculture Research and Development Centre in the 
Faculty of Agriculture at Khon Kaen University, Thailand.

2.3. Isolation of Phosphate-Solubilizing (PS) Bacteria
The soil sample of 5 g was used to isolate PSB in the liquid selective 
medium (NBRIP). Sugar was prepared with 10 g of glucose per liter. 
The stock of NBRIP was prepared as follows: 5 g MgCl2·6H2O, 0.25 g 
MgSO4·7H2O, 0.2 g KCl, and 0.1 g (NH4)2SO4 per liter. The insoluble 
P source of AlPO4, FePO4, and Ca3(PO4)2 were used to modify the 
NBRIP medium for initial PSB screening. Insoluble P, sugar, and stock 
were autoclaved separately at 121°C for 20 min and mixed inside the 
laminar air flow of BIO-CLEAN BENCH, model MCV-13BSS. The 
inoculants containing 50 mL of the medium in Erlenmeyer flasks were 
incubated at 30°C and shaker speed (150 rpm/min) for 1 week. The next 
week, 5 mL of this incubated medium with inoculants was transferred 
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into 50 mL again with the new liquid medium for 7 more days at 30°C 
and shaker speed (150 rpm/min). By the end of each week, 0.1 mL of 
the inoculant sample was diluted to 0.9 mL of sterile H2O and mixed 
3 times. The aliquots of each sample were spread on the solid NBRIP 
medium and incubated at 30°C for 14 days. The selective bacteria with 
a clear halo were selected for further purification and counted for the 
population size from rice field soil [54].

2.4. Determination of Mineral Phosphate Solubilization
The selective bacterial was tested by determining PS activity with the 
molybdenum-blue method for four replicates [55]. The liquid NBRIP 
media containing different insoluble forms of phosphate (AlPO4, 
Ca3(PO4)2, and FePO4) were used to grow selective bacteria at 30°C in 
an incubator shaker with a speed of 150 revolutions min−1 for 3 days. 
Color development occurs after the mixed reagent is incubated at room 
temperature for 30 min. Ascorbic acid was used to measure phosphorus 
compounds for the efficiencies of solubilizing activity when the 
reaction of ammonium phosphomolybdate is reduced to molybdenum 
blue. The concentration of phosphate solubilization was measured 
with the absorption of light wavelength 880 nm by Shimadzu UV-120-
01 spectrophotometer and compared to the concentrations of KH2PO4 
ranging from 0 to 0.9 mL/L.

2.5. IAA Production
Luria–Bertani medium (LB) 1 l contained 10  g of tryptone, 5  g of 
NaCl, and 5  g of yeast extract. The selective bacteria isolates were 
cultured in 50 mL of LB at 30 °C in an incubator shaker with a speed 
of 150 rpm/min for 3 days [56]. The aliquots sample was centrifuged at 
14,000 rpm for 5 min, and the suspended supernatant reacted with 0.01 
of M FeCl3 in 35% HClO4 at 25°C in dark conditions for 30 min. IAA 
concentration was determined with the absorption of light wavelength 
530  nm of Shimadzu UV-120-01 spectrophotometer and compared 
with a standard curve ranging from 0 to 150 µg/mL [57].

2.6. Identification of PS Bacteria
The extraction of genomic DNA was done using the Genomic DNA 
mini kit (Blood/culture cell) (Geneaid Biotech Ltd., Taiwan). The 
genomic DNA extracted was utilized as a template to amplify 16S 
rDNA. The amplified product was then evaluated using agarose gel 
electrophoresis with a 0.8% concentration. The polymerase chain 
reaction (PCR) product was purified using the GenepHlowTM Gel/
PCR Kit (Geneaid Biotech Ltd., Taiwan). The concentration of DNA 
in the purified product was evaluated to be within the suggested range 
of 20–50 ng/μL, as advised by the sequencing service provider. The 
sequencing was performed by a professional sequencing service 
provider using an ABI Prism® 3730XL DNA Sequence instrument. 
The PCR amplification sequencing of 16S rDNA regions was carried 
out using Taq polymerase by Kawasaki et al. [58], Yamada et al. [59], 
and Katsura et al. [60]. Two primers of 20F (5’-GAG TTT GAT CCT 
GGC TCA G-3’, positions 9–27 on 16S rDNA by the Escherichia 
coli numbering system) and 1500R (5’-GTT ACC TTG TTA CGA 
CTT-3’, position 1509–1492 on 16S rDNA by the E. coli numbering 
system [61]), were used to prepare a PCR product.

The PCR products, purified and single-banded (approximately 1500 
bases), were directly sequenced. The nucleotide sequences were 
compared using the BLASTN program [62] against the 16S rDNA 
sequence database of validly published prokaryotes. The highest 
scores sequences were calculated pairwise sequence similarity using 
the global alignment algorithm [63]. The sequences of PSB isolates 

were submitted to NCBI. The neighbor-joining method uses the 
distance matrix of the alignment for a phylogenetic tree based on 16S 
rDNA gene sequences of PSB strains and their phylogenetically related 
closest relatives. Bootstrap values (>50%) are shown at branch nodes. 
Nguyenibacter vanlangensis (NR 125459) was used as the outgroup. 
Phylogenetic analysis and molecular evolution were performed using 
the MEGA11.

2.7. Measurement of Rice Yield
RD. 6 was planted in early July of 2021–2022 after the field was 
plowed once and fertilized with chicken manure of 1,250  kg/ha 
and inorganic fertilizer 15–15–15 of 156.25 kg/ha. RD. 6 seedlings 
at 14 days were transplanted at a spacing of 20 × 20 cm, with one 
plant per hole. The plants reached the physiological maturity stage 
around December 2021–2022, and yield data were collected. To 
collect the yield data, six plants per plot were randomly selected at 
three different distances from the termite mound base – 1 m, 2 m, 
and 5 m. At each distance, 20 clumps were randomly collected, and 
three replicates were used. The growth of the plants was analyzed 
by measuring plant height, and rice yield weighed at 14% moisture 
content. The data collected was used to calculate the yield of rice for 
each treatment.

2.8. Statistical Analysis
The average data were analyzed using an analysis of variance with an 
F-test. If the results were significant, the least significant difference 
test was conducted at a 0.05 and 0.01 level. The Statistix 10 software 
was used to analyze each treatment.

3. RESULTS

3.1. Soil Fertility
When total N was measured by the Kjeldahl method [64], available P 
by Bray II and molybdenum-blue method [65], exchangeable K, Ca, 
and Mg by 1 N NH4OAc, pH 7 and flame photometry method, OM 
by Walkley and Black method [66], soil pH by pH meter [67], EC by 
EC meter [68], CEC by ammonium saturation, distillation for NH4

+ 
and physical properties such as soil texture by pipette method. The 
results of soil chemical and physical are shown in Table 1. Significant 
differences P < 0.05 were observed in the soil pH, OM, EC or salinity 
(EC), total N, exchangeable Ca and Mg, CEC, and sand and clay 
content. However, no significant differences P < 0.05 were found in 
available P, exchangeable K, and soil content. The pH level of the rice 
soil fell within the neutral range, which was suitable for the growth of 
most plants. The exchangeable K and Ca levels in the soil are sufficient 
to meet the plants’ requirements. The EC or salinity was found to be 
poor in the rice soil fields. Termite mound soil tends to have higher 
levels of soil pH, OM, total N, available P, exchangeable K, Ca and 
Mg, CEC, and clay content.

3.2. PS Bacteria Isolated
An experiment was conducted to isolate PSB from soil samples taken 
from rice fields with and without termite mounds in the rice field 
ecosystem RD.6, Wang Saeng subdistrict, Chonnabot district, Khon 
Kaen province. There were four isolates of phosphate-dissolving 
bacteria, out of which three were found in rice field soil at a distance 
of 5 m from termite mounds, and one isolate was found in rice field 
without termite mounds. The bacteria were not found in termite mound 
soil. The population sizes of bacteria in rice fields at 5 m from termite 
mounds and rice fields without termite mounds are shown in Table 2. 
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Table 2: The density of phosphate‑solubilizing bacteria from RD.6 field 
with and without termite mounds in Wang Saeng subdistrict, Chonnabot 
district, Khon Kaen province.

PSB isolates Solubilized phosphate 
bacteria (CFU/L)

R111 (5 m from termite mounds) 75.67×106a

R150 (5 m from termite mounds) 33.67×106ab

R180 (5 m from termite mounds) 4.33×106b

R200 (without termite mounds) 52.33×106ab

Different letters within the same column indicate significant differences based on the 
least significant difference test at P<0.01

Table 1: Chemical and physical properties of the termite mound soil and the RD.6 field with and without termite mounds in Wang Saeng subdistrict, Chonnabot 
district, Khon Kaen province.

Soil properties Termite mound soil 2 m from 
termite mounds

5 m from 
termite mounds

Without termite 
mounds (Control)

pH (1:1 H2O) 7.07±0.20a 5.83±0.56b 5.94±0.44b 5.45±0.26b

Organic matter (%) 2.11±0.35a 1.18±0.13b 0.86±0.15b 0.79±0.06b

EC (dS/m) 0.41±0.28a 0.04±0.00b 0.05±0.03b 0.04±0.00b

Total N (mg/g) 1.00±0.02a 0.50±0.01b 0.40±0.01b 0.40±0.01b

Available P (mg/kg) 49.58±35.01a 19.17±1.44a 9.50±4.77a 5.67±0.52a

Exchangeable K (mg/kg) 230.29±145.18a 85.78±11.76a 82.18±59.01a 97.86±81.96a

Exchangeable Ca (g/kg) 4.42±0.33a 1.03±0.85b 0.41±0.14b 0.28±0.34b

Exchangeable Mg (mg/kg) 253.28±51.53a 45.88±6.01b 35.16±6.15b 27.32±2.13b

Cation exchange capacity (c mol+/kg) 14.36±1.04a 7.40±0.28b 5.59±0.93b 6.13±0.77b

Soil texture Loamy and sticky Sandy loam Sandy loam Sandy loam

Sand (%) 53.80±6.63b 68.17±4.25a 68.42±5.39a 70.09±1.65a

Silt (%) 27.39±5.55a 23.99±4.42a 24.88±4.91a 22.88±1.09a

Clay (%) 18.82±2.57a 7.84±0.37b 6.70±0.97b 7.03±0.56b

Different letters within the same row indicate significant differences based on the least significant difference test at P<0.05

The PSB isolate R111 showed the highest significant differences at 
P < 0.01 of 75.67 × 106 CFU compared to the PSB isolate R180.

3.3. Phosphate-Solubilization Efficiency and IAA Production
Our study found that bacteria isolated from rice fields at a distance 
of 5  m from termite mounds can dissolve phosphate in the forms 
of FePO4, Ca3(PO4)2, and AlPO4. AlPO4 and FePO4 are the main 
forms that cause phosphorus uptake issues in sandy soils with low 
pH [69]. The highest solubility of phosphate in the form of FePO4 was 
523.99 mg/L at P < 0.01, followed by Ca3(PO4)2 at 443.69 mg/L and 
AlPO4 at 103.42–145.46 mg/L [Table 3]. Moreover, one PSB, isolated 
from a rice field without termite mounds, can dissolve phosphate in 
the form of Ca3(PO4)2 as opposed to AlPO4 and FePO4. Ca3(PO4)2 is the 
main form that causes phosphorus uptake in alkaline soil and affects 
soil organic carbon stocks [70].

The bacterial samples collected from rice fields were analyzed for 
their potential to produce IAA hormones. The bacteria isolated from 
rice fields without termite mounds revealed the highest potential for 
IAA production at P < 0.01, accounting for 2,131.80 mg/L at 2 days 
of incubation [Table  4]. In contrast, the bacteria isolated from rice 
fields located 5  m away from termite mounds were not effective 
in dissolving different types of phosphates. It indicates that PSB 
isolated under varying environmental conditions may have different 
abilities to dissolve phosphate or produce hormones (IAA) at different 
levels, which could be contributed by the interactions with other 

Table 4: Indole acetic acid production of PSB isolates from RD.6 field with 
and without termite mounds in Wang Saeng subdistrict, Chonnabot district, 
Khon Kaen province.

PSB isolates IAA Production (mg/L)

R111 (5 m from termite mounds) 382.01b

R150 (5 m from termite mounds) 586.58ab

R180 (5 m from termite mounds) 487.95ab

R200 (without termite mounds) 2,131.80a

Different letters within the same column indicate significant differences based on the 
least significant difference test at P<0.01

Table 3: Phosphate‑solubilizing effectiveness of tested bacteria from the 
RD.6 field with and without termite mounds in Wang Saeng subdistrict, 
Chonnabot district, Khon Kaen province.

PSB isolates Solubilized phosphate (mg/L) Form

AlPO4 Ca3(PO4)2 FePO4

R111 (5 m from termite mounds) 103.42ab 11.23d 238.36b

R150 (5 m from termite mounds) 109.43ab 229.61c 234.93b

R180 (5 m from termite mounds) 145.46a 443.69a 523.99a

R200 (without termite mounds) 69.00b 253.68b 0.24c

Different letters within the same column indicate significant differences based on the 
least significant difference test at P<0.01

microorganisms in the soil, as well as the media formula used for 
cultivation and the incubation time [71]. After collecting and isolating 
PSB from rice fields with and without termite mounds, the sequences 
of PSB isolates were submitted to NCBI (GeneBank) as listed with 
the bar representing 0.05 substitutions per nucleotide position. The 
results showed that R111 and R150 matched with Burkholderia 
gladioli accession numbers SUB13925899A11SOR726098 and 
SUB13926221F15-2OR726100, respectively [Table  5]. R180 
matched with Priestia spp. accession number SUB13926226C18-
2OR726101, and R200 matched with Burkholderia spp. accession 
number SUB13926232A20OR726104 [Figure  1]. PSBs that are 
effective in dissolving phosphate in various forms and producing IAA 
were B. gladioli and Priestia spp.
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Table 5: Identification of PSB isolates from RD.6 field with and without termite mounds in Wang Saeng subdistrict, Chonnabot district, Khon Kaen province by 
16S rDNA sequencing after inoculation.

Isolate code Name Strain Accession No. Gene Identity (%)

R111 (5 m) Burkholderia gladioli NBRC13700 SUB13925899 A11S OR726098 99.50

R150 (5 m) Burkholderia glumae LMG 2196 SUB13926221 F15‑2 OR726100 99.01

R180 (5 m) Priestia spp. ‑ SUB13926226 C18‑2 OR726101 had the highest similarity with 
P. aryabhattai at 99.86%

R200 (without 
termite mounds)

Burkholderia spp. ‑ SUB13926232 A20 OR726104 and a 98.3% similarity with  
B. humptydooensis

3.4. Response of Rice Plant Height and Yield to the Termite 
Mound Soil
Rice plants growing near termite mounds had an average height of 
84.30  cm [Table  6]. In contrast, the height of rice plants that were 
far from the termite mound decreased, with plants being 132.00 cm, 
125.26  cm, and 118.93  cm in height at P < 0.05, respectively 
[Table 6]. The results showed that plots with termite mounds produced 
a substantially higher rice yield than plots without termite mounds. 
The average yield of rice in plots without termite mounds was 
667.38  kg/ha, which was significantly less than plots with termite 
mounds at a distance of 5 m from the termite mounds, representing 
1,640.88  kg/ha at P < 0.05. There was no statistical difference in 
rice yield between plots with termite mounds at 1 and 2 m distance 
from the mounds, with the average rice yields being 1,157.38 and 
1,260.69 kg/ha at P < 0.05, respectively [Table 6].

Table 6: Plant height and yield of RD.6 growing in the field without termite 
mounds and with termite mounds at distances of 1, 2, and 5 m in Wang 
Saeng subdistrict, Chonnabot district, Khon Kaen province.

Treatments Plant Height (cm) Yield (kg/ha)

RD.6 without termite mounds 84.30b 667.38b

RD.6 with termite mounds at 1 m 132.00a 1,157.38ab

RD.6 with termite mounds at 2 m 125.26a 1,260.69ab

RD.6 with termite mounds at 5 m 118.93a 1,640.88a

Different letters within the same column indicate significant differences based on the 
least significant difference test at P<0.05

Figure 1: Phylogenetic tree of PSB isolates from RD.6 field with and without 
termite mounds in Wang Saeng subdistrict, Chonnabot district, Khon Kaen 

province by 16S rDNA sequencing after inoculation and the deposited 
sequence in NCBI.

4. DISCUSSION

Termite mound soil showed higher levels of total N, available P, 
exchangeable K, Ca, and Mg, OM, CEC, and EC. These results were 
consistent with the research work of Tuma et al. [72]. As a result, rice 
plants tend to grow and yield better in rice fields that have termite 
mounds than those without termite mounds [73]. Rice height was 
significantly lower (84.30 cm) in the rice fields without termite mounds 
as compared to those with termite mounds at 1, 2, and 5 m distances. 
The rice height showed the opposite response to the distance from the 
termite mounds increased (132.00  cm, 125.26  cm, and 118.93  cm, 
respectively). This may be due to the fact that most termite mounds are 
covered with perennials and shrubs, resulting in taller rice plants near 
the mounds. It is primarily due to shading, water retention, and nutrient 
availability from the mounds. The average rice yield at 5  m away 
from a termite mound was high (1,640.88 kg/ha) and not significantly 
different from the rice yield at 1 and 2 m from the termite mounds 
(1,157.38  kg/ha and 1,260.69  kg/ha, respectively), but significantly 
different from the rice yield in the field without termite mounds. The 
average lower yield was 667.38 kg/ha, which may be linked to the low 
availability of P in the rice fields without termite mounds compared 
to those with termite mounds. However, in the plain areas of Laos, 
the results of the rice yield survey suggested that higher yields near 
trees than in open areas were due to the presence and development 
of termite mounds around trees in the paddy fields [74]. B. gladioli, 
Burkholderia glumae, and Priestia spp. are PS bacteria in paddy fields 
that can solubilize a wide range of AlPO4 and FePO4, which are the 
main inorganic phosphate compounds in acidic soil. The availability 
of P in the soil increases with the increased activity of phosphatase and 
dehydrogenase enzymes. Despite the contributions of termite mound 
bacteria in improving soil fertility, there is little research involving the 
assessment of the bacterial richness and functional diversity in termite 
mound soil when compared to the diversity of bacteria in termite gut 
and the surrounding soil [75]. Termite mound soils can absorb water 
and plant nutrients for crop growth [76]. Termite nests are created 
with OM derived from the digestion of plant tissues combined with 
soil particles. Enagbonma and Babalola [30] assessed the potential of 
bacteria in termite mound soil in South Africa to serve as biofertilizers 
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and biocontrol as a promising tool for sustainable agriculture. This 
review mentions the role of bacteria in termite mound soil to improve 
the fertility of the soil and suppress soil-borne plant pathogens through 
the production of antibiotics, and nutrient fixation. These bacteria 
could reduce the reliance on the usage of chemical fertilizers and 
pesticides in farming, thereby increasing crop yield. This process 
increases the levels of nitrogen, phosphorus, potassium, iron, and 
calcium [77]. However, soil fertility is reduced after erosion of the 
termite mound soil down to the surface of the paddy field far from the 
termite mound. In addition, villagers used the termites for food and 
as feed for breeding fish, and they used their mounds for vegetable 
seedling beds and charcoal kilns, among other uses. Many reports have 
mentioned the possibility of using termite mounds for fertilizer and 
have described examples of its use in crop fields in Africa [53] and for 
construction materials in Northwestern Namibia [78]. Further studies 
need to be conducted in both pot and field experiments to address the 
soil fertility of different crop growth.

The soil pH in all sites was above 5.4, ideal for the growth of useful 
bacteria. Microorganisms in soil play relevant roles in soil morphology, 
air circulation, water penetrability, and nutritious availability. Effect 
of soil pH on the availableness of N, P, and K minerals. This initial 
observation suggests that different bacterial isolates exhibit varying 
degrees of phosphate solubilization efficiency in the collected soil 
samples [79]. The PSB isolated from rice field soil, at 5 m from termite 
mounds, solubilized significantly more FePO4, Ca3(PO4)2, and AlPO4, 
respectively. Phosphate-dissolving bacteria isolated from the soil around 
rice roots were Enterobacter spp., Micrococcus spp., Pseudomonas spp., 
Bacillus spp., Klebsiella spp., Serratia spp., Burkholderia multivorans, 
and Pantoea dispersa [80]. In contrast, bacteria from the rhizosphere of 
potato roots solubilized significantly more Ca3(PO4)2 than those from 
tomato roots. This difference may be due to the variations in rhizospheric 
microbial communities among various plant species [81]. Plant growth-
promoting bacteria promote the hydroxylation of organophosphates 
into inorganic phosphate anions through phosphatases [82]. In acidic 
environments, insoluble complexes form as aluminum (Al3+) and iron 
(Fe3+) fixed with the phosphate ion (PO4

3−) [83]. Therefore, PSB isolates 
from this investigation were efficient in solubilizing FePO4 and were 
capable of solubilizing the phosphate complexed with aluminum. The 
microorganisms, soil degrees, moisture, soil pH, the correlated bacterial 
neighborhood [84], and carbon and nitrogen sources [85] are related 
to the efficiency of phosphatase. Our results found that the Priestia 
spp. strain isolated from rice field soil at 5  m from termite mounds 
appeared to be more capable of solubilizing FePO4 (523.99 mg/L) and 
AlPO4 (145.46 mg/L), which are the most irresolvable forms in sandy 
ground soil. The solubilization potential rate of FePO4 significantly 
exceeded the several research microfauna, especially Pantoea spp. 
(34–60  mg/L) and Enterobacter spp. (33–41  mg/L). Pantoea spp. 
and Enterobacter spp. which were unable to solubilize the phosphate 
complexed with AlPO4 and FePO4 [81], whereas AlPO4 solubilization 
was significantly lower in Paenibacillus elgii (16  mg/L) [86]. The 
bacteria isolates BTPK 5-3, BGNACMC 4-3, and BTNA 5-1 from 
termite nests and guts in the center of Thailand were found to be closely 
related to Bacillus cereus, whereas the bacterial isolate BTNASP 5-2 
was closely related to Bacillus subtilis. B. cereus exhibited a variety of 
biological activities, denoting the highest cellulase, PS, and antifungal 
activities, whereas B. subtilis produced only a siderophore [87]. Bacillus 
spp. was isolated from nine different mounds of soil from households, 
farms, and water in Nigeria. The phosphate and potassium solubilization 
test and IAA production were positive for these bacteria. Furthermore, 
these bacteria had antagonistic activities against Fusarium oxysporum 
and Ralstonia solanacearum [51]. The PSB with phosphorus fertilizers 

enhanced the sugarcane yield from 17.03 to 38.42% and commercial cane 
sugar percent from 4.8 to 19.96% compared to no fertilizer application. 
B. subtilis with DAP showed effective results in soil phosphorus content 
and sugarcane yield. Sugarcane yield was highest in B. subtilis with 
DAP or rock phosphate [88].

5. CONCLUSION

Under good agricultural practice standards, the health of producers and 
consumers and the decrease of chemical residues in the environment 
are evaluated for crop production using biological agents to promote 
plant growth. Therefore, termite mound soil is a suitable source 
for extracting useful agricultural microorganisms. B. gladioli, 
B. glumae, and Priestia spp. are types of PS bacteria found in paddy 
fields, particularly in soil located 5  m away from termite mounds. 
These bacteria can solubilize a wide range of inorganic phosphate 
compounds, such as AlPO4 and FePO4, which are commonly found 
in acidic soil. These bacteria also have the potential to produce IAA, 
making them promising candidates for promoting the growth of rice 
and other crops. The average rice yield at 5 m from a termite mound 
(1,640.88  kg/ha) was significantly higher than in the field without 
termite mounds. The termite’s activity in facilitating bacteria growth 
and maintaining fertile land is important in rice fields. PSB connected 
with termite mounds enhanced phosphorus availability, cytokinin and 
IAA, nitrogen cycling, carbon dioxide, and cellulose breakdown to 
improve agricultural yield. These bacteria could reduce dependency 
on inorganic fertilizers and herbicides. Further research should find 
out whether these PSBs come from the termite stomach or the rice root 
rhizosphere. It is important to consider the acid type of these bacteria, 
environmental factors such as interactions with other microorganisms, 
plant development, climate, and soil category. Moist soil is more 
conducive to PSB growth and efficiency in dissolving phosphate than 
dry soil. Moreover, the long-term stability of bacterial activity in soil-
field trials over multiple seasons should be carried out.
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