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This study evaluated the effects of some environmental conditions on IAA 

biosynthesizing capacity of four nitrogen fixing bacteria, namely Paenibacillus 

cineris TP-1.4, Bacillus megaterium MQ-2.5, Klebsiella pneumoniae OM-17.2, 

and Pseudomonas boreopolis CP-18.2. Carbon source, pH, NaCl, and tryptophan 

supplement treatments were set to investigate the effects of those environmental 

factors on IAA synthesis. The IAA synthesizing capacity of bacterial strains in 

liquid medium was measured spectroscopically following incubation by 

Salkowski's reagent method. The results showed that, under the sucrose 

amendment, the IAA concentrations produced by all four bacterial strains were 

significantly higher than those of the other four carbon source added treatments. 

Two of the four bacterial strains produced the highest yield of IAA in liquid 

medium at pH 7 (TP-1.4 and OM-17.2), whereas pH 8 was optimum for the other 

two strains (MQ-2.5 and CP-18.2). The MQ-2.5 strain could synthesize IAA 

fairly well in up to 5% NaCl and produced the highest amount of IAA with 1% 

NaCl. Furthermore, IAA synthesizing capability of tested bacterial strains 

increased sharply along with increasing tryptophan content in culture medium 

except for the TP-1.4 strain. From the current study, these isolates emerged as 

possible alternatives for future IAA production for plant growth and yield 

enhancement. Hence, they have a great potential to be used as bio-inoculants for 

plant growth promotion in eco-friendly and sustainable agriculture. 
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1. INTRODUCTION

The agriculture industry has applied numerous 

measures for intensive crop production, such as using 

chemical fertilizers, pesticides, and plant growth 

stimulants, which have become widespread to increase 

productivity and ensure global food security. 

However, the long term impacts of applying these 

cultivation techniques made a dramatic decrease in the 

productivity of some crops (Sirivastava and Singh, 

2017), degradation of the soil, and water pollution 

(Stinner, 2007). Therefore, implementation of 

sustainable, eco-friendly agriculture and climate 

change adaptive methods is of utmost concern and has 

a priority. 

Nowadays, chemical fertilizer costs have risen 

all over the world and this fact has become a big 

disadvantage for farmers as they suffer from higher 

input costs and get low profits accordingly. Therefore, 

the use of plant growth promoting microorganisms in 

crop cultivation is preferred and encouraged 

worldwide in order to reduce or partly replace 

applying chemical fertilizers, or plant growth 

stimulants which would reduce the input costs and 

protect the agri-ecosystems, environment, and human 

health. In particular, the isolation, selection and 

application of multi-functional microorganisms has 

shown a significantly higher stimulation on crop 

growth and yields compared to those of single-

function ones (Tewari and Arora, 2014). Among them, 

the growth functions stimulating microorganisms, 

including biological nitrogen fixation and synthesis of 

indole-3-acetic acid, have attracted remarkable 

attention (Shokri and Emtiazi, 2010; Defez et al., 

2017), because nitrogen and indole-3-acetic acid are 

the two most essential factors that have a strong impact 

on growth and yield of plants.  
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In a previous study, Xa and Nghia (2019) 

isolated and selected strains of bacteria that possess 

significant nitrogen fixation and IAA synthesis 

functions to be tools for agricultural production. 

However, it was suggested that environmental factors 

greatly influence their ability to activate IAA 

synthesizing functions (Scarcella et al., 2017; Bhutani 

et al., 2018). Therefore, to ensure the efficacy of these 

strains when they are inoculated in the greenhouse and 

field conditions, the environmental and cultural 

conditions of these strains should be well known. 

Therefore, within this study, we examined the IAA 

production capacities of four different selected 

bacteria against various amended culture mediums in 

the laboratory. Our findings are expected to broaden 

the knowledge over the natural and environmentally 

friendly solutions for sustainable agricultural 

development under environmental stresses.  

2. METHODOLOGY

2.1 Microorganism source

Four nitrogen fixing bacteria, namely 

Paenibacillus cineris TP-1.4, Bacillus megaterium 

MQ-2.5, Klebsiella pneumoniae OM-17.2, and 

Pseudomonas boreopolic CP-18.2 were isolated and 

selected from indigenous microorganisms of different 

cropping systems in Soc Trang Province, Vietnam (Xa 

and Nghia, 2019). Four bacterial isolates were 

maintained in N-free Burks liquid medium under 

laboratory conditions. N-free Burks liquid medium 

contained sucrose 10 g, K2HPO4·4H2O 0.41 g, 

KH2PO4 1.05 g, CaCl2·2H2O 0.1 g, MgSO4·7H2O 0.1 

g, FeSO4·7H2O 0.015 g, H3BO3 0.0025 g, and Mo 

0.0025 g per liter (Mehta and Nautiyal, 2001). 

2.2 Environmental factors on IAA production 

2.2.1 Effect of different carbon sources on IAA 

synthesis by four bacterial strains in Burks liquid 

medium 

Five different carbon sources composed of 

fructose, glucose, glycerol, mannose and sucrose at the 

concentration of 1% were considered as different 

treatments and the control treatment was without 

bacteria. Each treatment had three replicates, 

corresponding to three different incubation flasks. 

Bacterial strains were grown in 100 mL Erlenmeyer 

flasks containing 50 mL fresh N-free Burks liquid 

medium for four days. Then, an aliquot of 300 µL 

bacterial suspension was transferred to 50 mL 

Erlenmeyer flasks containing 30 mL fresh N-free 

Burks liquid medium, pH 7, 100 mg/L tryptophan and 

different carbon sources as different treatments to 

achieve bacterial numbers of 106 CFU/mL. The flask 

samples were put on an orbital shaker at 100 rpm in 

the dark and under laboratory conditions for ten days. 

The synthesized IAA concentrations were determined 

after 0, 2, 4, 6, 8, and 10 days of incubation by 

Salkowski's reagent method at a wavelength of 530 nm 

followed by the modified method described by Bric et 

al. (1991).  

2.2.2 Effect of different pH values on IAA 

synthesis  

To determine the effect of different pH values 

of N-free Burk’s medium on IAA production, an 

experiment was conducted at pH values of 3, 5, 7, 8, 

and 9. Each pH level had their own corresponding 

control treatment without bacterial inoculation. The 

carbon form providing the highest IAA production 

from the results of the test in section 2.2.1 was added 

as an energy source to the bacteria. Concentration of 

IAA production was measured at 0, 2, 4, 6, 8, and 10 

days after inoculation according to Bric et al. (1991).  

2.2.3 Effect of different NaCl concentrations 

The experiment was established to evaluate the 

effect of different concentrations of NaCl on IAA 

production of four bacterial strains. The 0%, 1%, 2%, 

3%, 4%, and 5% NaCl concentration series was used 

as individual treatments. Each NaCl concentration 

treatment accordingly had a corresponding control 

treatment without microbial inoculation. The best pH 

value and carbon source from the results of the tests in 

section 2.2.1 and 2.2.2 were applied in the liquid 

culture medium of this experiment. The synthesized 

IAA concentrations were determined after 0, 2, 4, 6, 8, 

and 10 days of incubation by the method of Bric et al. 

(1991). 

2.2.4 Effect of different concentrations of 

tryptophan  

This experiment was conducted to find out the 

best concentration of tryptophan added in N-free 

Burks liquid medium for optimizing IAA production 

using tryptophan concentrations of 100, 200, 300, 400, 

and 500 mg/L. The control treatment was without 

tryptophan with pH 7. Each IAA concentration 

treatment, accordingly, had a corresponding control 

treatment without microbial inoculation. The optimal 

pH, carbon source, and NaCl concentration achieved 

from section 2.2.1, 2.2.2, and 2.2.3 were adjusted in 

the cultured medium of this experiment.  
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2.3 Data analysis 

The data were analyzed by ANOVA with 

MINITAB software with 16.2 versions. 

3. RESULTS AND DISCUSSION

3.1 Effects of different carbon sources on IAA

production synthesized by four bacterial isolates

The results presented in Figure 1 reveal that the 

different carbon sources caused variation in the 

production of IAA by four bacterial isolates. During 

the experiment period, sucrose was observed to be the 

best carbon source at supporting the four bacterial 

strains to boost the IAA synthesis, and OM-17.2 was 

the highest IAA producing strain compared to the 

other three isolates. The OM-17.2 strain reached its 

maximum IAA production amount after four days of 

incubation at 93.9 mg IAA/L in the sucrose amended 

treatment, followed by the treatments with glycerol, 

glucose, mannose, and fructose. Two other strains, 

MQ-2.5, and CP-18.2 synthesized up to 32.8 mg/L and 

43.0 mg/L IAA in sucrose added medium after 6 and 

4 days of incubation, respectively, slightly higher than 

glucose, glycerol, mannose, and fructose added 

treatments. The TP-1.4 strain reached its highest IAA 

production rate of 26.3 mg/L in the sucrose added 

treatment after the 10 days incubation. To sum up, 

from this result, sucrose can be considered as the best 

carbon source for the four tested bacteria to synthesize 

at a worthy amount of IAA in liquid culture. 

Figure 1. Effects of different carbon sources on the IAA production by four bacterial strains in Burks liquid medium during 10 days of 

incubation 

This result is consistent with the study of 

Nutaratat et al. (2015) who recorded that the strain of 

Rhodosporidium paludigenum synthesized the highest 

amount of IAA in liquid culture medium containing 1% 

sucrose compared to arabinose, dextrose, fructose, 

galactose, glycerol, lactose, maltose, mannitol, 

mannose, my-inositol, raffinose, sorbitol, sorbose, 

starch, xylitol, and xylose. Similarly, Kucuk and 

Cevheri (2016) also detected that among glucose, 

fructose, mannitol, and sucrose, the highest IAA 

synthesis by the strain of Rhizobium sp. P2 was found 

to be in sucrose-amended culture medium. In this case, 
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it is clear that sucrose is the best carbon source for IAA 

synthesis. However, in the study of Scarcella et al. 

(2017) on Trichosporon asahii, a yeast strain showed 

that IAA production in the sucrose added treatment was 

superior at pH 6.0, but the pH of 4.5 in this study gave 

the highest IAA production in the glucose added 

treatment. These results indicate an association between 

the carbon source and medium pH. For Rhodotorula 

mucilaginosa, the highest IAA production was 

observed at pH 6.0 with glucose. In a research study of 

Bhutani et al. (2018)  on Bacillus aryabhattai, the 

MBN3, MJHN1, and MJHN10 strains, the most 

suitable carbon sources were found to be mannitol, 

sucrose, and glucose, respectively. This result is 

consistent with the results of Wagi and Ahmed (2019) 

for Bacillus cereus (So3II) and B. subtilis. Alfonso et 

al. (2021) also noted that although the highest growth 

rate was achieved when glucose was the carbon source, 

the lowest IAA concentration was found in the glucose 

added medium. Upon the findings from reviewed 

studies, we can postulate that different types of sugar 

sources in a media have basal differences due to varied 

utilization of sugars by bacteria during their growth 

(Shanti et al., 2007; Sridevi et al., 2008). 

3.2 Effects of different pH levels 

The IAA production performances by four 

bacterial strains in different pH levels are presented in 

Figure 2. It was clear that, for Paenibacillus cineris 

TP-1.4 and Klebsiella pneumoniae OM-17.2 strains, 

the best pH value for IAA synthesis was pH 7, while 

for the two others was pH 8. The TP-1.4 and OM-17.2 

strains showed their maximum IAA production after 

eight days of incubation with a value of 33.8 and 76.6 

mg/L, respectively. The MQ-2.5, and CP-18.2 strains 

performed the maximum IAA production at rates 40.0, 

and 25.0 mg/L after eight and 10 days of incubation, 

respectively. The IAA production by four bacterial 

strains showed the same trend as following the order 

as pH 8>pH 9>pH 5>pH 3. It was clear to see that 

under the acidic environment of liquid culture (pH=3, 

and pH=5) the IAA production of bacterial strains 

decreased dramatically.

Figure 2. Effects of different pH levels of liquid medium on the IAA production by four bacterial strains in Burks liquid medium during 

10 days of incubation 
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Our results showed similarity with findings of 

Nutaratat et al. (2015) who suggested that pH 7 was 

suitable for IAA synthesizing performance of 

Rhodosporidium paludigenum. In addition, Khamna et 

al. (2010) reported that, pH 7.0 was suitable for 

maximum IAA production by Streptomyces sp. or 

Bacillus subtilis (Kumari et al., 2018), pH 7.2 was the 

optimum range for IAA production of Rhizobium 

strain VMA 301 (Mandal et al., 2007), pH 7.5 was best 

for Pseudomonas putida UB-1 (Bharucha et al., 2013) 

and pH 7.2 was the optimum IAA production range 

(Shanti et al., 2007). However the best IAA production 

was found at pH 8 (Sachdev et al., 2009). In the study 

by Chandra et al. (2018), three different isolates were 

tested and the isolate CA2003 showed maximum IAA 

production at pH 5 and decreased towards the pH 

range of 6-9; while CA2001 was opposite. The 

maximum IAA production of this strain was observed 

at pH 9 and CA2004 produced maximum IAA at pH 

6, but lower IAA production was recorded at pH 5, 7, 

8, and 9. Overall, the acid medium is not suitable for 

IAA synthesis of bacteria (Ona et al., 2005; Mohite, 

2013). 

3.3 Effects of different sodium chloride concen-

trations  

The results of the effects of different NaCl 

concentration on the IAA production are presented in 

Figure 3. It is obvious that the highest IAA production 

by strains MQ-2.5 and OM-17.2 was found in the 1% 

NaCl added treatments, while the highest IAA 

production by strains TP-1.4 and CP-18.2 was found in 

the no NaCl added treatment. For both with and without 

NaCl treatments, the most efficient IAA synthesis was 

done by OM-17.2. The highest amount of IAA 

production was recorded  in the 1% NaCl  added  and 

no NaCl added treatments after the fourth day of 

incubation at rates 97.2 mg/L and 82.7 mg/L, 

respectively. However, with increasing NaCl 

concentration, the synthesized IAA amount by the 

strain OM-17.2 decreased accordingly from 97.2 mg/L 

to 80.1, 57.8, 32.8, and 10.1 mg/L in treatments 

supplied with 2%, 3%, 4%, and 5% NaCl, respectively. 

Figure 3. The highest concentration of IAA in Burks liquid medium synthesized by four bacterial strains in the different NaCl 

concentrations 
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presence of NaCl in liquid culture, the IAA 

synthesizing process by strain TP-1.4 was strongly 

inhibited while the content of IAA produced by this 

strain was found to be highest at the treatment without 

NaCl addition (24.1 mg/L). However, when NaCl 

concentration in the liquid culture increased to 1%, 2%, 

3%, 4%, and 5%, the IAA content synthesized by strain 

TP-1.4 sharply decreased. 

The halophilic bacteria identified as Bacillus 

megaterium ST2-9 synthesized the highest amount of 

IAA at the treatment supplied with 3% NaCl (Nghia et 

al., 2017). Similarly, Sarkar et al. (2018) observed a 

sharp decline in IAA production produced by 

Enterobacter sp. P23 strain with gradually increasing 

NaCl concentration (160 µg/mL at 150 mM NaCl and 

˂20 µg/mL at 600 mM NaCl). Egamberdiyeva (2009) 

reported that IAA-producing bacteria supported plant 

growth under salt stress with a significantly increased 

plant growth. Additionally, Nakbanpote et al. (2014) 

proved that Pseudomonas sp. PDMZnCd2003 isolated 

from a Zn/Cd contaminated soil was classified as a salt-

tolerant bacteria. This strain also indicated a good 

capacity of IAA synthesis, biological nitrogen fixation, 

and phosphate solubilization in liquid medium 

containing 8% (w/v) NaCl. Smith (2000) inferred that, 

IAA was an auxin hormone required by most plant cells 

for proliferation and root initiation. Badawy et al. 

(2021) showed that Aspergillus ochraceus produced 

146 and 176 µg/mL IAA in a medium provided with 15 

and 30% seawater, respectively. Therefore, this fungus 

was considered as a plant growth promoting and salt 

tolerant agent under seawater irrigation conditions. 

From the result of this experiment we can conclude that 

three strains, MQ-2.5, OM-17.2, and CP-18.2 can be 

considered as salt tolerant plant growth promoting 

bacteria. This had implications for agriculture in the 

Mekong Delta region of Vietnam where it is currently 

affected by salinity and drought. 

3.4 Effects of different L-tryptophan concentrations 

The test results to evaluate the effects of 

different L-tryptophan concentrations on IAA 

synthesizing ability of four bacterial strains presented 

in Figure 4 manifested that all four isolates preferred 

tryptophan for IAA production. Maximum IAA 

production was found in the treatments amended with 

500 mg/L tryptophan for MQ-2.5, and CP-18.2, 400 

mg/L tryptophan for TP-1.4, and 300 mg/L tryptophan 

for OM-17.2. Among four bacterial strains, CP-18.2 

was found to be the most sensitive with tryptophan 

precursor. In the 100 mg/L tryptophan added 

treatment, the synthesized IAA was 32 mg/L, with a 

dramatic increase in the 500 mg/L tryptophan added 

treatment (128 mg/L IAA). A similar trend was 

observed for the MQ-2.5 strain with the highest IAA 

concentration of 84.6 mg/L. In particular, the OM-

17.2 strain showed its highest concentration of IAA 

(123.4 mg/L) in the 300 mg/L tryptophan treatment, 

however, the IAA content dropped sharply when 

tryptophan content increased to 400 or 500 mg/L. The 

IAA synthesis of TP-1.4 was less affected by the 

tryptophan content than the other three isolates and 

TP-1.4 did not synthesize IAA as good as the other 

three bacteria under the same tryptophan 

supplementation conditions. 

Figure 4. The highest concentrations of IAA synthesized by four different bacterial strains in Burks liquid medium containing different 

tryptophan concentrations 
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The IAA synthesis behaviors of four isolates 

when cultivated in Burks media supplied with or 

without tryptophan were varied. No IAA production at 

tryptophan-free medium for all four bacterial strains 

proved the dependency of those isolates on the 

tryptophan pathway for IAA synthesis.  

Our results showed consistency with Ahmad et 

al. (2005) who tested IAA synthesizing capacity of 10 

Azotobacter spp. strains and 11 strains of 

Pseudomonas sp. in liquid media containing 0, 1, 2, 

and 5 mg/mL tryptophan and observed lower IAA 

(2.68-10.80 mg/mL) yield in the liquid media without 

tryptophan addition. Seven Azotobacter strains 

produced IAA at ranges between 7.3 to 32.8 mg/mL 

and Pseudomonas sp. strains produced 41.0 to 53.2 

mg/mL with 5 mg/mL tryptophan. In addition, Ahmad 

et al. (2008) showed that Azotobacter sp., 

Pseudomonas sp., and Bacillus sp. strains could not 

synthesize IAA properly without tryptophan, and they 

showed their highest IAA production ranged from 

7.03 μg/mL to 22.02 μg/mL when the culture medium 

included 500 μg/mL tryptophan. Bhutani et al. (2018) 

indicated a gradual increase in the IAA production 

with an increase in L-tryptophan concentration. 

Bacillus aryabhat MBN3 and Bacillus aryabhat 

MJHN1 had a maximum IAA production in the 

treatment provided with 500 μg/mL tryptophan while 

Bacillus aryabhat MJHN10 produced the highest IAA 

in the treatment added with 300 μg/mL tryptophan. 

The study of Suliasih and Widawati (2020) illustrated 

that maximum IAA production by Bacillus siamensis 

was achieved after 96 h of incubation in a medium 

supplemented with 250 μg/mL of tryptophan, pH 8 

and sucrose as carbon. In addition, Mohite (2013) 

suggested that IAA was not produced in negligible 

quantities of L-tryptophan. There were significantly 

different demand levels of L-tryptophan for varying 

microorganisms. For many bacteria, the conversion of 

tryptophan into IAA is of uppermost importance 

(Costacurta and Venderleyden, 1995). Manulis et al. 

(1994) reported that various Streptomyces spp. could 

secrete IAA when fed with tryptophan, while 

according to the results of Swain et al. (2007), IAA 

producing Bacillus spp. were tryptophan dependent 

and several other bacteria strains as well (Patten and 

Glick, 2002).  

The results of four experiments in this study 

allowed us to conclude that different strains of bacteria 

also have different abilities in synthesizing IAA, and 

sucrose is the best carbon source for IAA synthesis for 

all four bacterial strains. In particular, the OM-17.2 

strain has the highest ability to synthesize IAA in an 

environment with pH 7, 1% NaCl, and 300 mg/L 

tryptophan. Strain CP-18.2 showed optimum IAA 

production at pH 8, and 500 mg/L tryptophan. 

Notably, the MQ-2.5 strain was a salt-tolerant bacteria 

and can synthesize IAA in saline conditions up to 5% 

and this strain produced the highest IAA under pH 8, 

NaCl 1%, and 500 mg/L tryptophan. Meanwhile, the 

TP-1.4 strain had a stable IAA production and was 

least affected by environmental conditions. It 

produces the highest concentration of IAA in liquid 

culture medium under pH 7, without and with 400 

mg/L tryptophan. 

4. CONCLUSION

In summary, the environmental factors of the 

culture medium such as pH, carbon source, NaCl, and 

tryptophan concentration strongly influenced the IAA 

synthesizing capacity of four bacterial isolates. Under 

the low pH culture medium the IAA synthesizing 

capacity of the bacterial strains was reduced  and 

increased under high pH culture medium (pH=7 and 

pH=8). Sucrose was the best carbon source to promote 

an increase of the IAA synthesis for all four strains. 

Bacillus megaterium MQ-2.5 was considered as the 

best salt tolerant plant growth promoting bacteria and 

tryptophan precursors also played an important role in 

enhancing IAA synthesis by all four strains. All four 

bacterial strains in this study emerged as potential 

alternatives for IAA production and they could be 

applied in the greenhouse and field conditions as bio-

inoculants for more sustainable field production. In 

particular, two strains OM-17.2 and CP-18.2 can be 

used to produce safe biological IAA products to 

replace synthetic IAA used widely in agriculture. 
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