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Abstract

Multiple stress in soil due to abiotic and biotic stressor are the constraints of plant production. Human activity contributes to
soil abiotic stress such as salt and heavy metal accumulation, and biotic stress cause by soil tetracycline contamination from
manure. Nitrogen-fixing Azotobacter enable to increase plant growth and perform the biological activities in stressed soil.
The objective of laboratory experiment was to determine the plant growth-related properties of some strain of Azotobacter
isolated from saline and mercury-contaminated soil. Five isolates of Azotobacter were grown in liquid medium prior to
nitrate, phytohormones, organic acids, and phosphatase analysis. All isolates were then tested for their susceptibility of
tetracycline. Based on antibiotic resistance test, two Azotobacter isolates were further assessed for their ability to proliferate
and produce exopolysaccharide in tetracycline-contaminated broth. The results verified that the five Azotobacter isolates
produced different amounts of important metabolites for plant growth. Azotobacter c2a9 and K4 isolated from mercury- and
salt-contaminated soil can respectively proliferate in the liquid culture with 5 mg/L-87.5 mg/L tetracycline. In the presence
of 100 mg/L tetracycline, their growth was limited but they still produced low concentration of exopolysaccharides. This

experiment suggested that Azotobacter has a potency to improve plant growth in the multiple-stressed soil.
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1. Introduction

Soil is a natural reservoir of antibiotic since certain soil
microbes produce antibiotic as defense mechanisms to
other microbial attack (Massadeh and Mahmoud, 2019).
Bacteria and fungi in soil are reported to produce
antibiotic-like compounds and antibiotics such as
streptomycin, and tetracycline (Al-Saraireh et al., 2015;
Chandra and Kumar, 2017). Handling the livestock’s
health with antibiotics and then adding their manure in
agricultural soil can increase antibiotic content in soil
(Cycon et al., 2019). Soil antibiotic residue due to frequent
use of manure in agriculture can cause biotic stress to soil
microbes as well as plants.

Tetracyclines are a broad-spectrum antibiotic
frequently used for veterinary practice due to their low
cost (Granados-Chinchilla and Rodriguez, 2017). A total
of 93 countries used tetracycline commonly for animals
compared to another antimicrobial agents (OIE, 2020).
The concentrations of tetracycline in pig and poultry
manure were ranging from a few of mg/kg to hundreds of
mg/kg  (Ghirardini et al. 2020). Tetracyclines
contamination in soil may induce soil microbial resistant
(Wepking et al., 2017). The presence of tetracycline in soil
is reported to affect the seedling appearance and metabolic
activities due to chlorophyll degradation (Margas et al.,
2019). Despite the risk of antibiotic increment in soil,
manure amendments are always recommended to increase
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the soil health and crop production of marginal soil in
tropics.

Abiotic and biotic stress in soil reduces plant
productivity and limits soil microbial activity in
maintaining soil nutrient cycles. Soil stress induced by
escalated concentration of metallic ions, salts and
antibiotics disturbs microbial metabolism and hence their
proliferation and function. Nowadays, plant growth
promoting rhizobacteria (PGPR) is progressively used as a
biofertilizer in sustainable agriculture. The application of
PGPR in marginal soils might decrease the ability of
microbes to multiply and their function related to their
biological characteristics. Introduction of multiple-stress
resistance PGPR has a potency to overcome those issues.

The Azotobacter is well known PGPR widely used as
biofertilizer for food crops production. The mechanisms by
which Azotobacter induce plant growth and productivity
are nitrogen (N) fixation; phytohormones, organic acids
and exopolysaccharides (EPS) production; and phosphate
solubilizing. Inoculation of Azotobacter on important food
crops are reported to increase N content in soil and plant
growth (Kurrey et al., 2018; Hindersah et al., 2018;
Mabhato and Kafle, 2018; Suarez-Moreno et al., 2019).

Researchers reported the ability of Azotobacter to
produce phytohormones Indole Acetic Acid (IAA) and
Cytokinines (CKs) in liquid culture (Viscardi et al., 2016;
Chobotarov et al., 2017; Hindersah et al., 2020). The CKs
include zeatin, zeatin-riboside dan zeatin glucose also
detected in nanoparticle solid-based inoculant (Chobotarov
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et al., 2017). The Azotobacter produces low-molecular
weight organic acids for releasing phosphate ions from
insoluble inorganic phosphor (Nosrati et al., 2014; EI-
Badry et al., 2016). However, the organic acid profile of
Azotobacter has not been studied intensively.

The resistance of Azotobacter to mercury (Hg) and
salinity has been documented. In the presence of 100,
1,000 and 1,200 mg/L Cadmium (Cd), Chromium (Cr) and
Nickel (Ni), A. chroococcum CAZ3 produced certain
metabolites to avoid cell damage (Rizvi et al., 2019). At
least four Azotobacter isolates withstand high temperatures
and low pH (5-5.5) were able to grow on media containing
2% of NaCl. Azotobacter S2 was resistant to 3.4 % NaCl
but their growth was limited compared with the growth in
the liquid media with 1.7% (Hindersah et al., 2019).

Naturally, Azotobacter synthesize EPS on cell wall
surface to protect nitrogenase from oxygen during nitrogen
fixation. The EPS is a major mechanism by which bacteria
adapt to the presence of cationic metal in their
surroundings (Gupta and Diwan, 2017; Ventorino et al.,
2019; Abd EI-Ghany et al., 2020). The mechanisms of
bacterial resistance to tetracycline (drug) may be native to
the microorganisms (Reygaert, 2018). The EPS play a
significant role in formation of biofilms which induce the
tolerance to antibiotics and other external stress (Sharma et
al., 2019) to benefit the agriculture in contaminated soil.

The inoculation of Azotobacter in marginal soils with
multiple stress might reduce their viability, and their
natural function related to plant growth promotion. So that
introduced Azotobacter have to be resistance to soil stress.
The objective of this laboratory experiment was to verify
the plant growth-related properties of some strains of
mercury- and saline-resistance Azotobacter; and their
ability to proliferate and produce EPS in tetracycline-
contaminated broth.

2. Materials and Methodes

The research was conducted on February 2018 to July
2018 in Soil Biology Laboratory of Faculty of Agriculture,
Universitas Padjadjaran, West Java, Indonesia. All
Azotobacter isolates belong to Soil Biology Laboratory.
The Azotobacter bd3a and Azotobacter c2a9 were isolated
from mercury-contaminated gold tailing at Buru Regency,
Maluku Province, Indonesia. The Azotobacter K4 and
Azotobacter S2 were isolated from saline soil (EC 4
ds/cm) of paddy field in Karawang Regency, West Java,
Indonesia. The control isolate, A. chroococcum BT1, was
isolated from corn rhizosphere grown in uncontaminated
Inceptisols soil. In vitro experiment consisted of four sub
process (Figure 1). Five Azotobacter isolates were tested
in the 1% to 3" experiment.

The 4th experiment was carried out for two
Azotobacter isolates selected from tetracycline resistance
test. The 1% - 3" experiments were setup in completely
block design with five replications. Analysis of variances
(p<0.05) were performed to verify the effect of treatments
on the parameters. The 4™ experiment was performed in
triplicate without analysis of variance.

START ——/ Five Azotobacter Isolates /

|

4 Subprocess: 2 Subprocess: 3% Subprocess:
Metabolites Production | | | Phosphatase | f— | Tetracycline
Defermination determination Sensitivity Test
4" Subprocess:
Viability and EPS Two
‘— production determination of | }—/ Azotebacter
Two Azotobater Isolatesin Isolates
the presence of fetracycline

Figure 1. The process of laboratory experiment by using five
isolates of N-fixing Azotobacter

2.1. Determination of nitrate, phytohormones and
organic acid production

Each isolate was cultured in individual 100-mL
Erlenmeyer contained 50 mL of N-free Asbhy’s mannitol
broth (Mannitol 20 g, Dipotassium phosphate 0.2 g,
Magnesium sulfate 0.2 g, Sodium chloride 0.2 g,
Potassium sulfate 0.1 g, Calcium carbonate 5 g). The
culture then incubated for 72 hours at room temperature
(24-27 °C) on the 115-rpm gyratory shaker.

At the end of incubation, Azotobacter liquid culture
was centrifuged 10,000 rpm at 4 °C for 10 minutes.
Supernatants were collected for metabolites measurement.
Nitrate quantification was carried out by using Kjeldahl
Methods (AOAC, 2012; Saez-Plaza et al., 2013). The
presence of phytohormones IAA was determined by
spectrophotometer at 510 nm after mixing 1 mL
supernatant with 4 mL Salkowski reagents (Rahman et al.,
2010). Supernatant was extracted with ethyl acetate
(Hussain and Hasnain, 2009) prior to zeatin and kinetin
quantification by using phase reserved High Performance
Liquid Chromatograph at the wave lengths of 254 nm and
270 nm, respectively.

Organic acids in the supernatant were analyzed by
using phase reserved. Supernatant was filtered using 0.2
um Whatman paper number 1. The five organic acid
standards and samples were injected into C18 column in
isocratic conditions with 50 mM Potassium dihydrogen
phosphate as mobile phase. The measurement of organic
acids was carried out at a wavelength of 210 nm.

2.2. Determination of Soluble phosphate and
phosphatase activity

Azotobacter isolates were grown in Pikovskaya broth
(Yeast extract 0.5 g, Dextrose 10 g; Tricalcium phosphate
5.0 g, Ammonium sulfate 0.5 g, Sodium chloride 0.2 g,
Magnesium sulfate 0.1 g, Mangan (Il) sulfate 0.0001 g,
Ferrous sulfate 0.0001g) for 5 days at room temperature at
shaking period of 115 rpm. The soluble phosphate was
then determined by spectrophotometer at 880 nm (Behera
et al., 2017). Azotobacter were grown in Pikovskaya broth
for 3 days at room temperature prior to acid phosphatase
activity measurement. The supernatant of bacterial culture
was mixed with Disodium p-nitrophenyl phosphate
(tetrahydrate). Phosphatase activity was defined based on
the concentration of p-nitrophenol at 420 nm using UV-
Vis spectrophotometer (Behera et al., 2017).
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2.3. Tetracycline resistance test

Tetracycline resistance assay for five Azotobacter
isolates was performed with five antibiotic concentrations
included 15, 20, 50, 100 and 1,000 mg/L by using the disk
diffusion susceptibility method (Jorgensen and Turnidge,
2015). A total of 1 mL liquid mother culture of
Azotobacter was spread evenly on the surface of Ashby’s
plate agar and left 10 minutes at room temperature.
Sterilized filter papers were impregnated with each
antibiotic solution and placed on the surface of plate agar.
The control treatment was sterilized water. All plates were
incubated for 5 days at 30 °C prior to measure the
inhibition zone around the antibiotic disk.

2.4. Cell viability and exopolysaccharides production in
the presence of tetracycline

Based on the third experiment, plate agar of
Azotobacter c2a9 and Azotobacter K4 showed smaller
halo zone around paper disk dipped on 100 mg/L and
1,000 mg tetracycline compared with another isolates.
Both isolates were then used in the last experiment to test
their viability and EPS production in the presence of 50
mg/L -100 mg/L tetracycline. A total of 1% Azotobacter
c2a9 and Azotobacter K4 pure liquid culture were
inoculated separately into 50 mL Ashby broth contained
50, 62.5, 75, 87.5 and 100 mg/L tetracycline. All cultures
were incubated on the gyratory shaker for 72 h at room
temperature. Every experimental unit was carried out in
triplicate. Asbhy’s broth for the control treatments
received no tetracycline. Population of Azotobacter was
determined by serial dilution plate method (Pal et al.,
2017). Exopolysaccharides content in liquid culture were
determined by gravimetric method after extracted the EPS
from supernatant by cold acetone (Hindersah et al., 2017)

2.5. Data analysis

The data of 1% 2" and 3" trial were subjected to
analysis of variance (F test at p<0.05). If the sum square of
treatments was significant for measured parameters than
Duncan multiple range tests were performed at p< 0.05.

3. Results

In Table 1 — Table 4, numbers in a column followed by
the same letter were not significantly different based on
Duncan’s multiple range test (P<0.05). Data depicted in
Table 5 were not subjected to statistical analysis.

3.1. Plant growth promoting related biological traits

All isolates provided nitrate and produced IAA as well
as zeatin, but they did not produce kinetin in Ashby’s
broth at 72 h after inoculation (Table 1). Duncan’s test
showed that nitrate content in the culture of all isolates was
not significantly different. The IAA content in the bacterial
supernatant significantly determined by the isolate but
zeatin production by all isolates was not significantly
different. In general, Azotobacter isolated from marginal
soil demonstrated high 1AA production compared with
BT1 isolated from rhizosphere of maize grown in
uncontaminated soil. The Azotobacter bd3a isolated from
Hg-contaminated gold tailing produced highest [AA.
Nonetheless, Azotobacter K4 isolated from saline soil
produced lower IAA concentration than A. chroococcum
BT1. All Azotobacter isolates released the same amount of
zeatin.

Various composition of organic acids released by
different isolates was shown after 72 h incubation (Table
2). The result showed that there was no significant
difference in the concentration of maleic acid produced by
the bacteria, but their oxalic and lactic acid production
were different. Only Azotobacter bd3a and K4 excreted
tartaric-acid into the broth. However, no acetic-acid was
found in all culture. The Azotobacter BT1 (bacterial
control) produced highest oxalic acid but lowest lactic acid
compared with the Azotobacter isolated from
contaminated sites. The acidity (pH) of every broth culture
were decreased from 7 before trial to about 6 (data were
not presented).

Table 1. Nitrate and phytohormones content in N-free liquid
culture of five different isolates of Azotobacter

Azotobacter isolates  NO3’ IAA Zeatin
(mg/L) (mg/L) (mg/L)
BT1 1234 a 90a 0.151a
bd3a 103.6a 325¢ 0.148 a
c2a9 1184 a 20.2b 0.143 a
K4 88.8a 6.5a 0.156 a
S2 108.6 a 23.4b 0.155a

Table 2. Organic acid production by five different isolates of
Azotobacter in N-free liquid culture

Organic acids (mg/L)
Azotobacter isolates

Oxalic ~ Maleic Lactic  Tartaric?
BT1 51.8b 0.16a 6.6a nd"
bd3a 146a 0.15a 11.7b 14
c2a9 176a 0.15a 76a nd
K4 159a 0.15a 10.5b 3.9
S2 143a 0.15a 11.8b nd

*Statistical analysis has not been performed on tartaric acid trait
due to incomplete data, °nd, not detected

Available phosphate production and phosphatase
activity depend on Azotobacter isolates (Table 3).
Azotobacter c2a9 and Azotobacter S2 demonstrated the
highest ability to produce soluble phosphate in liquid
culture although it was not significantly different with the
control (BT1). The higher phosphatase activity was shown
by BT1 as well as c2a9 and S2 isolated from mercury-
contaminated and saline soil, respectively.

Table 3. Soluble phosphate and phosphatase activity of
Azotobacter isolates in Pikovskaya broth with calcium phosphate

Azotobacter  Soluble phosphate Phosphatase activity

isolates (mg/L) (Unit/mL)
BT1 0.24c 0.62 ¢
bd3a 0.05a 0.14a
c2a9 0.31c 0.78 ¢
K4 0.16b 0.41b
S2 0.34c 0.87¢c
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3.2. Azotobacter Resistance to Tetracycline

Tetracycline assay showed that Azotobacter
proliferation was repressed in the presence of higher
concentration of tetracycline.  Azotobacter isolate
influenced the diameter of inhabition zone (Table 4). The
absence of clear zones surrounding disk paper of 15 mg/L
tetracycline indicated that all isolates were resistance to the
tetracycline < 15 mg/L. The halo zone measurement
demonstrated that Azotobacter BT1, bd3a, c2a9 and K4
enabled to proliferate in the presence of 20 mg/L and 50
mg/L without being inhibited by tetracycline. The
Azotobacter K4 was the most resistant to 100 mg/L
tetracycline compared with other isolates from marginal
soil. All isolates included BT1 (control) were susceptible
to 1,000 mg/L tetracycline. Table 4 showed that
Azotobacter c2a9 and K4 were more resistant to higher
concentration of tetracycline than other isolates.

Table 4. Zone inhibition diameter around disk paper of different
concentration of tetracycline on Azotobacter

Azotobacter isolates Diameter of halo zone (cm) for each
tetracycline concentration (mg/L)

Cc® 15 20 50 100 1,000
BT1 0 0 O 0 0.00a 276D
bd3a 0 0 O 0 0.67ab 246D
c2a9 0 0 O 0 0.56ab 243D
K4 0 0 O 0 0.26a 1.73a
S2 0 O 056 086 1.16b 253b

#Control without tetracycline

3.3. Cell viability and EPS production in the presence of
tetracycline.

Based on the third experiment, Azotobacter c2a9 and
K4 (Fig 2) were more resistant to tetracycline.
Nonetheless, a higher amount of tetracycline decreased the
population of both isolates (Table 5). A clear reduction of
c2a9 population was only shown in the presence of 87.5
and 100 mg/L of tetracycline; meanwhile, 50-100 mg/L
tetracycline reduced the growth of K4. Table 5 showed
that in the presence of tetracycline, the EPS content in
liquid culture of c2a9 and K4 was lower than the control.
A decreased amount of EPS of both isolates was related to
the increase in tetracycline concentration.
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‘Figure 2. Cell morphology of cocci Gram-negative Azotobacter c2a9

(a) and K4 (b)
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Table 5. Azotobacter count in N-free broth of c2a9 and K4
isolates contaminated with tetracycline.

Bacterial Population

;I'n:tgrlali:)ycllne (logyo of cfu/mL) EPS (mo/L)
c2a9 K4 c2a9 K4
0 5.48 5.48 344 297
50 5.42 0.00 271 257
62.5 5.23 1.00 218 227
75 5.32 0.00 17.3  20.7
87.5 2.78 0.00 153 138
100 0.00*  0.00° 9.07 5.72

Value is an average of three replications. *The colonies did not
grow in plate agar with the culture from 102 dilution.

4. Discussion

The research confirmed that five Azotobacter isolates
had a plant growth promoting related traits. The first
experiment verified the presence of nitrate in cell-free
supernatant extracted from N-free liquid culture that
proved the N fixation occurred in N-free broth. The
presence of IAA and Zeatin in liquid culture verified that
synthesis of phytohormones by bacteria was taken place in
diazotrophic condition. Phytohormones released by
Azotobacter were depending on the isolates. The five
isolates produced 9.0-32.5 1AA, the high IAA production
were shown by isolates bd3a (32.5 mg/L) and S2 (23.4
mg/L).

The result demonstrated that IAA released by bd3a was
more or less equal to IAA production by A. chroococcum
67B and 76, which were 28 mg/L and 34 mg/L
respectively. The lower phytohormones production has
been shown by A. chroococcum and A. vinelandii that only
produce 0.52 mg/L and 0.82 mg/L of IAA (Hindersah et
al., 2020). A significant amount of organic acids was
detected in liquid culture of Azotobacter and hence
reduced the culture pH from neutral to slightly neutral.
Despite of the prominent role of organic acid to provide P
for plant through P solubilizing, the research about organic
acid production by Azotobacter is still limited. Moreover,
all isolates demonstrated the ability to produce soluble P
and phosphatase activity.

This experiment showed that all Azotobacter isolates
produced soluble phosphate in Pikovskaya broth due to
calcium phosphate solubilizing by organic acid. The
phosphatase activity proved the ability of Azotobacter to
carry out organic P mineralization catalyzed by
phosphatase to produce available P. The result agrees with
the ability of some Azotobacter isolates that have
phosphate solubilizing index ranging from 1.2 to 3.5
during 7-day incubation (Nosrati et al., 2014). More recent
research demonstrated that A. vinelandii reach maximum
phosphate solubilizing (25.3%) in the presence of
inorganic phosphate after 3 days by lowering the pH of
Pikovskaya broth (El-Badry et al., 2016). The decrease of
pH is caused by organic acid production by five
Azotobacter isolates in our finding.

The growth of Azotobacter isolated from marginal soil
was inhibited by higher concentration of tetracycline. The
experiment showed that all Azotobacter isolates were
susceptible to 100 and 1,000 mg/L tetracycline but the halo
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zone around Azotobacter c2a9 and K4 colonies was lower
compared with other isolates. The Azotobacter K4 was
more susceptible to tetracycline compared with c2a9. In
the last experiment, Azotobacter c2a9 and K4 released
34.4 mg/L and 29.7 mg/L respectively in broth without
tetracycline. Slight reduction of EPS production in broth
with 62.5 mg/L and 50 mg/L verified their resistance to
tetracycline. However, both isolates did not show
resistance to high levels of tetracycline due to cell growth
restriction. The increase of EPS by Azotobacter c2a9 and
K4 in the presence of tetracycline might be related to
bacterial protection against antibiotic by biofilm formation
since EPS is a key element of biofilm extracellular matrix
(Abebe, 2020).

Tetracycline is a broad-spectrum antibiotic; their
targets are membrane system of Gram positive and
negative bacteria. The resistance of Azotobacter to
tetracycline is important for maintaining their proliferation
and function include nitrogen fixation, as well as
phytohormones, organic acids and EPS production. Some
strains of A. chroococcum are resistant to 10 pg/ml of
ampicillin, chloramphenicol, erythromycin, kanamycin,
rifampicin, streptomycin, tetracycline and trimethoprim
has been reported (Sindu et al., 1989).

Azotobacter might have a resilience for adapting to
multitude environmental threats, including the presence of
mercury, salt and tetracycline molecule. This intrinsic
adaptation can maintain Azotobacter existence in plant-
rhizobacteria interaction that is very important for cycling
the essential macronutrient nitrogen and promoting plant
growth as well.

5. Conclusion

The Azotobacter isolated from marginal soil produced
some important metabolites for improving plant growth.
The available N (nitrate) was found in N-free broth after
Azotobacter inoculation that showed bacterial ability to fix
nitrogen. Every Azotobcter isolates produce IAA and
Zeatin as well. The bacteria produce organic acid which
might be related to their properties in P solubilizing.
Azotobacter c2a9 and K4 isolated from Hg-contaminated
and saline soil respectively have the ability to proliferate in
the presence of less than 87.5 mg/L tetracycline. They also
produce EPS in liquid media with tetracycline up to 100
mg/L although the EPS content is reduced significantly at
higher concentration of tetracycline. The results verified
that Azotobacter c2a9 and K4 isolated from abiotic
stressed soil have the resistance to 87.5 mg/L tetracycline.
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