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Abstract

Purwaningsih, Radian, Dewi, W. & Pujiasmanto, B. (2019). Indigenous phosphate-solubilizing bacteria enhance 
germination in deteriorated rice seed. Bulgarian Journal of Agricultural Science, 25(3), 486–493

Certain soil microorganisms have the potential to improve the growth of plants. The aim of this study was to isolate the in-
digenous bacteria from acid sulphate soil, and evaluate whether this could enhance the germination of deteriorating rice seeds. 
It was revealed that four bacteria isolates (4A, 6A, 8RH, 10RH) were able to solubilise phosphate and produce indole and 
siderophore. Molecular identifi cation, using the 16S rRNA gene, showed that these four isolates are Paenibacillus alvei strain 
NBRC 3343, P. alvei strain DSM 29, Bacillus cereus strain ATCC 14579 and B. cereus strain ATCC 14579. Evaluation showed 
that the four strains were able to increase the percentage of germination by up to 46.5%, the uniformity of germination by up 
to 30% and the germination rate by 7.1%/d on seed with ≤ 50% viability. Germination of seeds with 80% viability increased 
by only 14%, with a slight increase in the uniformity of germination (16%) and germination rate (8.81%/d).

Keywords: indigenous; phosphate-solubilising bacteria; deteriorated rice seed; germination; 16S rRNA gene; 
indole; siderophore

Introduction

Seed germination is promoted through imbibition, which 
is stimulated by the availability of water. Seeds need enough 
water to activate certain components in them so that ger-
mination can proceed. The viability of germination also re-
quires high seed vigour. Compared to normal germination, 
seeds with low viability (through deterioration) usually have 
a decreased percentage of germination power, require a lon-
ger time to germinate, show low growth speeds, and do not 
grow at similar rates. The strategy to improve growth power 
generally involves the use of seed hydro-priming and matri-
conditioning (Chithra et al., 2015; Singh et al., 2015; Lutts et 
al., 2016) and phytohormones.

Recent studies have found that certain soil microorgan-
isms have a high potential to be plant growth promoters, 
such as the rhizobacteria, which can be used as biofertiliser 
due to their ability to solubilise phosphate, creating phyto-
hormones and siderophore. Plant-growth-promoting rhizo-
bacteria (PGPR) colonies are very active in roots systems, 
and can improve crop growth and yields (Wu et al., 2005).

Application of the bacterium Bacillus sp. has been shown 
to improve plant growth and mineral content in banana 
leaves (Jaizme-Vega et al., 2004) and, when inoculated into 
rice seed, has improved growth and productivity by up to 
43%, but with Pseudomonas fl uorescens has been shown to 
improve yield by up to 100% (Thakuria et al., 2004). Conse-
quently, there is a basic need to conduct an evaluation of the 
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germination-boosting ability of PSB. If proved to be effec-
tive, indigenous PSB can be used to improve the viability of 
rice seeds that have already deteriorated.

The function of PGPR in improving plant growth and 
yield involves a hypothesis linked to the ability to synthe-
sise growth hormone; Bacillus sp. has been reported as being 
able to synthesise gibberellin (Joo et al., 2004) and indole 
acetic acid (IAA) (Thakuria et al., 2004).

Evaluation of the ability of PSB to act as a germination 
booster was conducted on rice seeds that had low growth po-
tential (i.e. were deteriorated), so that optimum plant growth 
in the fi eld could be achieved. This study aimed to evalu-
ate this ability in PSB that produce indole and siderophore, 
as well as the infl uence of inoculating deteriorated rice with 
such bacteria.

Methods

PSB sampling 
The PSB were obtained from healthy rice plants, grow-

ing in acid sulphate soils with a pH of 3.9, at 0°0.2048′S, 
109°14.7487′E in Sungai Rengas village, Sungai Kakap, 
West Kalimantan. The plants were taken, with soil attached, 
from the fi eld, placed in sealed plastic container, and stored 
in refrigerator at 10°C. 

Isolation of PSB, and chacterisation of their morphology
Bacteria were isolated from the rhizosphere and endo-

phytic rice roots using a method involving tryptone soya 
agar (TSA; 15 g casein, 5 g soy extract, 5 g NaCl, 15 g agar 
agar and 1000 mL of distilled water). Bacteria from the rhi-
zosphere were isolated by taking 1 g of soil, and mixing it 
with 9 mL of sterile distilled water. The endophyte bacteria 
were isolated by weighing 1 g of rice roots, and then sterilis-
ing their surfaces by soaking  them in 3% NaOCl for 2 min, 
then 96% ethanol for 1 min, and rinsing with sterile distilled 
water up to 3 times. The sterilised tissue of the roots was 
added to 9 mL of distilled water, and crushed to the point of 
disintegration. Then, 0.1 mL of suspension from the soil and 
root mixtures were taken, and diluted by 10-3, using a pour-
ing method. The diluted samples were incubated at 26–28°C 
for 96 h. The grown bacterial colony was purifi ed on new 
TSA at room temperature, and then characterised according 
to it macroscopic and microscopic (Olympus Optilab, at 400 
x magnifi cation) morphology, followed by Gram staining of 
a single colony.        

Bacterial phosphate-solubilisation ability  
Inoculation was used to select for the ability to solubi-

lize phosphate. 1 ml liquid culture (±109) of pure bacterial 

inoculum was dropped onto Pikovskayas agar (10 g glucose, 
0.5 g (NH4)2SO4, 7.69 g Fe2PO3, 0.1 g MgSO4.7H2O, 0.002 
g MnSO4.H2O, 0.002 g FeSO4.7H2O, 0.5 g yeast extract, 20 
g agar and 1000 mL of aquadest) (Saraswati et al., 2012), 
which detects phosphate-solubilising microorganisms. This 
was incubated for 7 d at room temperature. The ability to 
solubilise phosphate was more characteristic of the clear 
zone around the colony. 

Indole production
The indole test determines the ability of bacteria to produce 

indole by converting tryptophan. One dose of pure bacterial cul-
ture was inoculated into tryptone soya broth (TSB) with added 
L-tryptophan (15 g casein, 5 g soybean extract, 5 g NaCl, 0.1% 
L-tryptophan and 1000 mL of aquadest). Each culture was rep-
licated up to 3 times, including the control medium that was not 
inoculated with bacteria. This was incubated on an incubator-
shaker for 72 h at room temperature. Indole production was 
determined by dripping 2–3 drops of Kovacs reagent onto the 
samples and observing the indole ring. A positive reaction was 
refl ected by the ring being pink to dark red, whereas a negative 
reaction was indicated by a green to yellow ring.

Siderophore production
To determine siderophore production, use like CAS me-

dium consist of 20 g sucrose, 2 g L-asparagine, 1 g K2HPO4, 
0.5 g MgSO4.7H2O and 1 L aquadest at pH 7.0. The culture 
was incubated at 27˚C for 24 h, and then centrifuged at 1100 
rpm for 30 min, and fi ltered through a 0.2 μm-pore nitrocel-
lulose membrane. For the analysis, 3 mL of supernatant were 
mixed with 1 mL of 0.01 M FeCl3, as a trace element.  For 
comparison, a second sample was analysed without the use 
of FeCl3. To detect the siderophores, the absorbance value 
was measured with a spectrophotometer at λ500 nm.

Molecular identifi cation of bacteria using 16S rRNA
The fi rst step in identifying the PSB is through genome 

extraction. A pure culture was grown on TSB for 24 h at 
room temperature. The genome isolation then followed the 
Genomic DNA Mini Kit (blood/cultured cell) protocol from 
Geneaid (Lerteanawanichakul, 2015). After that, several 
steps were conducted to obtain the DNA of the bacteria, 
amplifi ed through a polymerase chain reaction (PCR) using 
a TI-thermocycler (Biometra, Goettingen, Germany). The 
bacteria genomes were amplifi ed by PCR using two 16S 
rRNA primers (27F (AGAGTTTGATCMTGGCTCAG) and 
1492R (GGTTACCTTGTTACGACTT)) (Lane, 1985) as 
much as 25 μL. To confi rmation of PCR result only as much 
as 4 μL PCR product running and then 1 μL of loading dye 
was added. This was mixed, placed into a well containing 
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1% agarose gel (1 g agarose and 100 mL of TBE buffer 1 x), 
and then electrifi ed at 220 volts and 75 mA for 45 min. The 
result of the gel electrophoresis was soaked in 10% ethidium 
bromide for 10 min, and then rinsed with double-distilled 
water. The DNA targets on the agarose were visualization 
on a G:Box gel documentation system (Syngene, Frederick, 
MD, USA) with the DNA target size are 1400 base pairs.

Bioinformatic analysis and contruction of phylogenetic 
tree of 16S rRNA

The DNA sequencing was conducted at the 1st Base DNA 
Sequencing Services Laboratory, Selangor (MY). The DNA 
sequence analysis and phylogenetic tree construction were 
performed using MEGA 6.0, and compared to the Genebank 
database using the Basic Local Alignment Search Tool for 
nucleotides (BLAST-N) from http://www.ncbi.nlm.nih.gov/. 
The phylogenetic tree was generated using the neighbour-
joining method, with 1000 x bootstrap (Saitou & Nei, 1987).

Effects of bacterial inoculation on seed germination
Inoculated seeds were soaked in TSB (109 cfu mL-1) for 

24 h. Then, they were germinated on a sterilized sand medi-
um, laid in a 30 x 20 x 10 cm (length x weight x height) plas-
tic box. The treatment consisted of Paenibacillus alvei strain 
NBRC 3343, P. alvei strain DSM 29, Bacillus cereus strain 
ATCC 14579, B. cereus strain ATCC 14579 and an untreated 
control. The rice seeds used in the treatment had <50% and 
80% germination viability. Three replications of 100 seeds 
were used. Before and after inoculating the seeds, the quality 
of the seed water was measured. The infl uence of inoculation 
on seed viability was measured by the normal percentage of 
sprouts, the speed of seed growth and unison of growth.

Statistical analysis
The data were statistically treated with ANOVA, and 

Duncan’s Multiple Range test. A probability level of 0.05 
was used to compare the means.

Results and Discussion

Bacterial ability to solubilise phosphate and produce 
indole and siderophores 

Twenty-three bacterial isolates were obtained from 
healthy rice plants that were growing well in acid sulphate 
soil. This study used only four of these; based on their ability 
to solubilize phosphate, and produce indole and siderophores 
(4A and 6A were isolated from the roots, 8RH and 10RH 
from the rhizosphere). The ability of the bacterial isolates to 
solubilize phosphate was marked by a clear zone around the 
bacterial colony on Pikovskayas agar (Fig. 1A). Indole pro-
duction was evidenced by a pink ring using Kovak’s reagent 
(Fig. 1B). Siderophore production was marked by a change 
from blue to orange-yellow in the medium (Fig. 1C).

The ability to form indole indicates that the bacteria are 
able to promote growth (Aly et al., 2001; Ebrahim & Aly, 
2004; Ardakani et al., 2010; Merzaeva & Shirokikh, 2010). 
In general, the indole usually formed is a natural auxin, 
which is a product of the metabolism of L-tryptophan by mi-
croorganisms (Aly et al., 2012).

Four of the isolated PSB have the ability to produce 
siderophores, which are metal-chelating agents with low 
molecular mass (Schwyn & Neilands, 1987) that are able to 
scavenge Fe and form complexes with other essential ele-
ments, such as Mo, Mn, Co and Ni (Bellenger et al., 2008). 
They can also bind metal Pb (Bhattacharya, 2010) and 
heavier metals, such as Cd, Cu, Zn and Al, allowing them 
to reduce poisonous materials (Chamongkolpradit et al., 
2008). Fe is a source of nutrition for all organisms, includ-
ing microorganisms. In bacteria that produce siderophores, 
Fe is unavailable for producing pathogens, so pathogens do 
not develop. Pseudomonas spp. are the one of genus bacte-
ria that produce the largest amounts of siderophores (Meyer 
& Abdallah, 1980). 

Quantitative measurement of siderophores on the selec-
tive medium gave varying results (Table 1). The 6A isolate 

Fig. 1. The ability of bacteria to solubilise P (A), produce indole (B), and produce siderophore (C)

A) B) C)
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had the highest values, compared to the other isolates, fol-
lowed by 8RH, 10RH and 4A.

Identifi cation and molecular characterisation of PSB 
isolates

Based on the results shown in Table 2, the 4A, 6A, 8RH 
and 10RH isolates that were tested for PGPR are from the 
Gram-positive group; most PGPR groups are Gram-negative 
(Wahyudhi, 2009).

The BLAST-N results (Table 3) show that isolate 8RH is 
closely related to Bacillus cereus strain ATCC 14579 and B. ce-
reus strain ATCC 14579, with a 96% similarity. Isolate 10RH 
is closely related to B. cereus strain ATCC 14579 and B. ce-
reus strain ATCC 14579, with a 93% similarity. Isolate 4A has a 
92% similarity with Paenibacillus alvei strain 3343 and P. alvei 
strain DSM 29. Isolate 6A has a 91% similarity with P. alvei 
DSM 29 and a 90% similarity with P. alvei strain NBRC 3343. 

Phylogenetic analysis of the 16S rDNA showed that iso-
lates 8RH and 10RH are closely related. These two isolates 
were different from isolates 4A and 6A, with an extensive 
genetic distance (Fig. 2).

The results of the 16S rDNA amplifi cation show that iso-
lates 4A and 6A share the greatest similarity with the com-
parative strain of P. alvei, and isolates 8 RH and 10 RH share 
the greatest similarity with the comparative strain of B. cere-
us. Bacillus and Paenibacillus are ubiquitous Gram-positive 
bacteria. A closer look at the molecular identifi cations and 
phylogenetic tree of the four bacteria isolates shows that the 
bacteria tested belong to the genera Paenibacillus and Bacil-
lus (Table 3). The 4A isolate is P. alvei strain NBRC 3343, 
the 6A isolate is P. alvei strain DSM 29, isolate 8RH is B. 
cereus strain ATCC 14579, and isolate 10RH is B. cereus 
strain ATCC 14579.

These species of bacteria can be found in most environ-
ments, due to their high survivability in extreme environ-
ments. Bacillus and Paenibacillus are known to be abundant 
in agricultural environments, playing a signifi cant role in ag-
ricultural productivity. They are known to produce various 
metabolites that support cells in unfavourable environments. 
Some of the important metabolites are antimicrobial peptides, 
signal peptides and extracellular enzymes. The ability to pro-
duce such metabolites has been infl uenced by agroecosystem 
conditions affecting the bacterial habitat (Gardener, 2004). 
Bacillus and Paenibacillus have signifi cant roles in increas-
ing plant growth, resisting phytopathogens and inducing plant 
immunity (Govindasamy et al., 2010). Bacillus and Paeniba-
cillus are also known as the main producers of a wide range 
of antibiotic peptides that can inhibit various microorgan-
isms and pathogenic nematodes. These two genera are mostly 
known to reside in plant tissue as endophytic bacteria.

Table 1. Siderophore compound values from four isolates 
of PSB

Isolate code Siderophore value (ppm)
4A 0.008
6A 0.037

8RH 0.011
10RH 0.009

Table 2. Morphological characteristics of selected isolates in TSA medium after seven days incubation at ambient room 
temperature
Isolate 
code

Colour Colony 
shape

Elevation Colony  
edge

Surface 
texture

Cell 
shape

Gram 
stainSurface Base

4A White White Circular Raised Erose Smooth Rod Gram-positive
6A White White Circular Convex Entire Smooth Rod Gram-positive
8RH Clear white White Irregular Flat Lobate Smooth Rod Gram-positive
10RH White White Circular Umbonate Undulate Rugose Rod Gram-positive

Table 3. BLAST-N result of 16S rDNA of PSB from acid sulphate soils in Sungai Rengas village, West Kalimantan
Isolate 
code

Comparative strain Total base  
(Isolate/Genebank)

Query 
Cover

% Identity Accession 
number

4A Paenibacillus alvei strain NBRC 3343 1190/1476 100% 92% NR_113577.1
Paenibacillus alvei strain DSM 29 1190/1527 100% 92% NR_042091.1

6A Paenibacillus alvei strain DSM 29 770/1527 100% 91% NR_042091.1
Paenibacillus alvei strain NBRC 3343  770/1476 100% 90% NR_113577.1

8RH Bacillus cereus ATCC 14579 1073/1512 99% 96% NR_074540.1
Bacillus cereus strain ATCC 14579 1073/1482 99% 96% NR_114582.1

10RH Bacillus cereus ATCC 14579 928/ 1512 98% 93% NR_074540.1
Bacillus cereus strain ATCC 14579 928/1482 98% 93% NR_114582.1
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Effect of bacterial inoculation on seed germination
Firstly, the seeds were germinated, and then they were 

measured before undergoing the inoculation process. The 
measurements show that the water content of the rice seeds, 
before and after inoculation, on both seeds viability types, 
was slightly increased after inoculation (Table 4, Fig. 3).

The increase in water content in the untreated/control 
seeds with a ≤50% viability was 10.82%, which was greater 
than in seeds with an 80% viability, which only increased by 

4.32%. Inoculated seeds showed a slight increase in water 
content.

Inoculation with PSB increased seed viability (≤50% and 
80%), showed a signifi cant effect (Table 5, Fig. 4); in seeds 
with ≤50% viability, inoculation increased the germination 
percentage by 46.5%, whereas in seeds with 80% viability, 
the germination percentage increased by only 14%.

PSB inoculation increased the germination percentage. This 
is similar to the fi ndings of (Chookietwattana & Maneewan, 
2012), where the use of PSB increased the percentage of tomato 
seed germinations. The improvement in sprouting is triggered 
by the ability of the bacteria to produce indole, which can take 
the form of auxin, gibberellin or cytokinin. Bacillus sp. has been 
reported to synthesise IAA (Thakuria et al., 2004) and gibber-

Fig. 2. Neighbour-joining tree of 16S rDNA of PSB from acid sulphate soil. The tree was constructed 
using the Kimura two-parameter model in Mega 6.0 with 1000 x bootstrap

Table 4.  Water content before and after the inoculation of PSB on two viabilities of rice seed
Treatment Water content before inoculation Water content after inoculation

Viability ≤50% Viability 80% Viability 50% Viability 80%
Untreated/control 5.2 14.8 16.08 20.4
P. alvei strain NBRC 3343 5 14.5 7.2 15.5
P. alvei strain DSM 29 5.05 14.5 6.8 15.1
B. cereus strain ATCC 14579 5.12 14.6 7.4 15.3
B. cereus strain ATCC 14579 5.12 14.8 7.01 15.2

Fig. 3.  Water content before and after inoculation of 
seeds (≤50% and 80%)

Note: A – untreated, B – P. alvei strain NBRC3343, 
C – P. alvei strain DSM29, D – B. cereus strain ATCC14579, 

E – B. cereus strain ATCC1457

Table 5. Effect of inoculation of PSB on the percentage 
of germination
Treatments Percentage of germination (%)

Viability ≤50% Viability 80%
Untreated/control 50.5 b 86 b
P. alvei strain NBRC 3343 81.0 a 100 a
P. alvei strain DSM 29 97.0 a 100 a
Bacillus cereus ATCC 14579 94.0 a 100 a
B. cereus strain ATCC 14579 96.0 a 100 a

Numbers followed by the same letter in the same column are not signifi -
cant different in DMRT 0.05
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ellin (Joo et al., 2004). (Sutariati & Ilyas, 2006) showed that 
inoculation using Bacillus sp. increased the germination power, 
the uniformity of germination and the growth rate in chili seeds. 

Inoculation signifi cantly increased the uniformity of ger-
mination and the growth rate of the two viabilities of seed 
(Table 6, Fig. 5).

The uniformity of germination and germination rate of 
rice seeds, as shown in Table 6, appear to be signifi cantly 
increased for both seed viabilities. Seeds with ≤50% vi-
ability show an increase in the uniformity of germination of 
up to 30.67%, compared to the control sample, while there 
was only a 16% increase in the uniformity of germination 
in seeds with 80% viability. In seeds with ≤50% viability, 
inoculation increased the seed germination rate by 7.08%/d, 
while, in seeds with 80% viability, this increased by 8.81%/d

The effects of PGPR vary among plant types (Bashan et 
al., 1989). Bacterial inoculation can increase the speed of 
germination, improve seedling growth, enable responses to 
stress due to environmental factors, and protect plants from 
disease (Lugtenberg et al., 2002).

The infl uence of PSB inoculation on rice seed germina-
tion was affected by indole production from the excretion of 
the bacteria. The mechanism of PGPR in promoting growth 
is not well understood, but is believed to result from phyto-
hormone production (Shaharoona et al., 2006; Egamberdi-

Fig. 4.  Effect of inoculation of PSB on percentage of 
germination

Note: A – untreated, B – P. alvei strain NBRC3343, 
C – P. alvei strain DSM29, D – B. cereus strain ATCC14579, 

E – B. cereus strain ATCC1457

Table 6. Effect of inoculation of PSB on germination rate and uniformity of germination
Treatment Germination  rate (%/d) Uniformity of germination (%)

Viab. ≤50% Viab. 80% Viab.≤50% Viab. 80%
Untreated/control 9.17 c 14.09 c 9.33 c 77 b
P. alvei strain NBRC3343 13.74 b 20.53 b 17.33 c 89 a
P.alvei strain DSM29 15.89 a 21.10 b 30.67 b 91 a
Bacillus cereus ATCC14579 16.26 a 21.27 b 40.00 a 92 a
B. cereus strain ATCC14579  16.27 a 22.90 a 34.70 a 93 a

Numbers followed by the same letter in the same column are not signifi cant different in DMRT 0.05

Fig. 5. Effect of inoculation of PSB on germination rate (%/etmal) and uniformity of germination (%)
Note: A – untreated, B – P. alvei strain NBRC3343, C – P. alvei strain DSM29, D – B. cereus strain ATCC14579, E – B. cereus strain ATCC1457
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yeva, 2007), nonsymbiotic N-fi xation (Mrkovacki & Milic, 
2001) against phytopathogenic microorganisms through 
the production of siderophores, the synthesis of antibiotics 
(Bharathi et al., 2004; Nuruddin et al., 2006), and the ability 
to solubilise phosphates (Cattelan et al., 1999).

Bacillus derived from the plant rhizosphere is known 
to promote growth through the production of certain po-
tentially bioactive compounds, such as 3-hydroxy-2 butane 
(acetoin), 2,3-butanediol, IAA, phytase, lipopeptide, sid-
erophores, and the induction of systemic resistance (Kou-
moutsi et al., 2004; Idris et al., 2007; Zhao et al., 2011). 
These benefi cial effects are important because they enable 
seeds to grow well in the fi eld under suboptimal conditions, 
as suggested by (Callan et al., 1997), with some bacteria 
acting as biocontrolling agents, increasing the effectiveness 
of colonic formation at the roots, supporting plant growth 
directly or indirectly after germinating in the fi eld. With 
bacteria able to produce siderophores, seeds can be protect-
ed from pathogens present in the soil, or from seed-borne 
pathogens.

Efforts to increase the viability of seeds that have already 
deteriorated are usually conducted by applying supplemental 
growth regulators, such as priming (osmopriming, matricon-
ditioning, hydropriming), or hormonising (with gibberel-
lin or auxin). Priming can increase the uniformity of seed 
germination (Singh et al., 2015). The discovery of PGPR, 
which can produce phytohormones, such as those produced 
by PSB, provides an opportunity to replace commonly-used 
growth regulators. The use of PSB inoculation can be regard-
ed as biopriming, in accordance with the opinion of (Callan 
et al., 1997).

The ability for bacteria to solubilize phosphate is cur-
rently very much needed. Although herein, only germination 
was addressed, this initial work will benefi t future studies 
because these bacteria can provide P for the plants, thus sup-
porting their growth in the fi eld. Furthermore, synthetic P 
fertilizer is an expense for farmers, and so these bacteria can 
be an alternative source. These bacteria are also able to make 
P nutrients that are not available in the soil become available 
to plants; while P is generally abundant (Khan et al., 2009), 
the availability of P in soil is low.

The effects of PGPR include the production of plant 
growth regulators, such as auxin, gibberellic acid and cy-
tokinin. They directly or indirectly provide favourable con-
ditions for growth (Nadeem et al., 2014). In this study, it 
was shown that PSB are able to increase the percentage of 
germination, the uniformity of germination and the growth 
rate of seeds, not solely because of the production of phyto-
hormones, but also through the positive infl uence between 
bacteria and seeds.

Conclusions

Four bacterial isolates, taken from healthy rice plants 
grown in acidic sulphate soils, have the ability to solubilise 
phosphates and produce indole and siderophores. These four 
bacteria are P. alvei strain NBRC 3343, P. alvei strain DSM 
29, B. cereus strain ATCC 14579 and B. cereus strain ATCC 
1457. These PSB have the ability to improve seed viability, 
as shown in an increased percentage of germination, germi-
nation rates and uniformity of seed growth. They are most 
effective on seeds with ≤50% viability.
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