
Journal of Applied and Physical Sciences JAPS
2017, 3(3): 98-106

PRIMARY RESEARCH

Correlation of growth and IAA production of Lysinibacillus Fusiformis UD 270

Huynh Thi Thuy Hanh 1,Wiyada Mongkolthanaruk 2*

1, 2 Department of Microbiology, Faculty of Science, Khon Kaen University, Khon Kaen, Thailand

Index Terms
Lysinibacillus Fusiformis

Indole-3-Acetic Acid

Tryptophan

Bacterial Growth

Received: 4 March 2017

Accepted: 3 June 2017

Published: 16 October 2017

Abstract— This study was investigated in IAA biosynthesis with different concentrations of tryptophan

and bacterial cell number aswell as observed the correlation between bacterial growth and IAAproduction.

The bacteria were grown in nutrient broth supplementedwith 0, 0.5, 1, 2, 3, 4, and 5mgmL-1 of tryptophan

at 30oC for 72h. Reasonable bacterial growth and IAA production were appreciably determined at 36h of

incubation in 5 mg mL-1 of tryptophan. Meanwhile, the pH of the culture media was gradually increased at

the beginning andmade stable after 36h. Moreover, when the cell concentrationwas varied from103 to 109

Colony-Forming Unit (CFU) mL-1 , the IAA production was signiicantly higher at high cell concentrations,

concretelywith 107 and 109 CFUmL-1 . Also, a positive correlation between growth and IAAproductionwas

indicated in the two experiments. The results have referred to the suitable uses of tryptophan and cell num-

ber for bacterial growth and IAA biosynthesis of L. fusiformis UD 270 to apply for further researches. Plant

Growth Promoting Bacteria (PGPB) have been considered as beneicial microorganisms that can promote

plant growth by their potential mechanism, particularly Indole-3-Acetic Acid (IAA) production. Lysinibacil-

lus fusiformis UD 270 isolated from local plants in Khon Kaen, Thailand, displayed its capability to produce

IAA from tryptophan, well-known as its precursor.

© 2017 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

Bacteria which can promote plant growth are called

PGPB. This group includes either free-living form or endo-

phytic form that has speciic symbiotic relationships with

plants [1]. PGPB are known as beneicial microorganisms

and, when used in place of synthetic chemicals, are capa-

ble of improvingplant growth through supply of plant nutri-

ents. Theymay also help to sustain environment health and

soil productivity [2, 3, 4]. Indeed, the plant growth promot-

ing effect is mostly explained by the release of metabolites

directly stimulating growth such as phosphate solubiliza-

tion, nitrogen ixation, siderophore production and mod-

ulating phytohormone levels. The indirect promotion of

plant growth is performed as biocontrol agents [1]. One of

the mechanisms by which PGPB promote plant growth is

the ability to produce plant hormones, such as auxins [5].

IAA is the most common natural auxin found in plants and

has a positive effect on root growth [6]. IAA responds to cell

division, root elongation, seed and tuber germination, rate

of xylem and root development, and resistanace to stress

conditons [1]. Up to 80%of rhizobacteria, both through col-

onization of the seed or root surfaces, can synthesize IAA

and it is proposed that they act in conjunction with endoge-

nous IAA in plants to stimulate cell proliferation and to en-

hance the host’s uptake of minerals and nutrients from the

soil [7] . Additionally, plant growth promoting bacteria can

produce IAA from tryptophan, which is the main precursor

molecule for IAA production in bacteria by tryptophan de-

pendent biosynthetic pathways. The optimization of bac-

terial IAA production has been studied for several years,

mainly in culture media with varying important factors as

temperature, pH, precursor concentration [8, 9, 10] and

inoculum sizes [11] . The optimal condition for IAA pro-

duction is distinct of each bacterial specie. The previous
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researches showed that Lysinibacillus fusiformis, a gram-

positive, rod-shaped bacterium of the genus Lysinibacillus

is a Plant Growth Promoting Endophytic Bacteria (PGPEB).

The endophyte L. fusiformis had positive traits for most of

plant growth promotion [12]. Moreover, the capability for

phytohormone biosynthesis of L. fusiformis has been ob-

served in the recent years. This bacterium could synthe-

size IAA from tryptophan as themain precursor [13]. It was

also reported that L. fusiformis strain Ps7 could synthesize

ABA, GA3, IAA [14] . Nevertheless, it seems that there is not

much information about a correlation between growth and

IAA biosynthesis of L. fusiformis in culturemedia containing

tryptophan in terms of using suitable amount of tryptophan

and cell number. These two factors are considered more

reasonable to determine the optimal condition for IAA pro-

duction because they directly affect the amount of synthe-

sized IAA like the increasing of precursor or inoculum size

could account for the increasingof IAAproduction, and indi-

rectly inluence on practical application like the suitable cell

number is good for preparing and applying to ield. There-

fore, the aim of this study was to investigate the effects of

various concentrations of L-tryptophan and bacterial cells

on growth and IAAproduction togetherwith the correlation

between growth and IAA production in culture medium.

II. LITERATURE REVIEW

A. Plant Growth Promoting Bacteria

Soil is full of microscopic life forms including bac-

teria, fungi, actinomycetes, algae and protozoa. Among

different microorganisms, bacteria are the most common

(i.e., approximately 95%) [1]. Soil bacteria have capabili-

ties to survive and use a wide range of different substances

as sources of nutrients. The bacterial distribution is around

the roots of plants, i.e in the rhizosphere which is typically

much greater than in the rest of the soil [15]. It can be

explained that the presence of high levels of nutrients in-

cluding amino acids, sugars, organic acids and other small

molecules that are exuded from plant roots leads to the

high bacterial concentration around the roots of plants.

As rhizosphere bacteria use the exudates for their growth

and metabolism [15, 16]. The interaction between bacte-

ria in soil and plants may be beneicial, harmful or neutral

[15, 17]. The bacteria that can promote plant growth, are

called plant growth promoting bacteria, including either

free-living form or endophytic form that has speciic sym-

biotic interaction with plants. There are different types

of bacteria-plant interaction such as rhizospheric way (bac-

teria bind to the roots or seed surfaces), phyllospheric way

(bacteria bind to leaf or stem surfaces), symbiotic way (bac-

teria are typically found in root nodules), or endophytic

interaction (bacteria colonize inside the plant tissue) [18,

19, 20, 21]. Although the differences between these bacte-

ria, they still use the same mechanisms in promoting plant

growth. PGPBmay promote plant growth either through in-

direct mechanisms via antibiotics and lytic enzymes, com-

petition, ethylene regulation, induced systemic resistance

or direct mechanisms via facilitating resource acquisition

including ixed nitrogen, iron and phosphate, and speci-

ically modulating phytohormone levels such as auxin, cy-

tokinin, gibberellin and ethylene [1].

L. fusiformis or Aerobacillus fusiformis, is a gram pos-

itive, rod-shaped, and non-motile bacterium. A bacterial

cell is approximately 2.5-3.0 micrometers in length, and

0.5-0.9 micrometers in width. This bacterium grows well

in range of temperature from 17-37oC, pH from 6-9.5, and

NaCl concentration of 2-7%. It can produce inactive spheri-

cal endospores that resist to unfavourable living conditions

[22]. The research of Vendan et al. [12] showed that the en-

dophyte, L. fusiformis, had positive traits for most of plant

growth promotion. This organism has also been the ben-

eicial bacterium that is associated with Citrus roots, and

could signiicantly reduce the population of viable Candi-

datus Liberibacter Asiaticus in Huanglongbing symptomatic

on leaves [23]. In branch of Cacao plants, L. fusiformis was

found as endophytic endospore-forming bacteria which

have the potential biological control of cacao diseases [24].

Moreover, the capability for phytohormone biosynthesis of

L. fusiformis has been observed in the recent years. It was

reported that L. fusiformis strain Ps7 could synthesize ABA,

GA3, IAA [14]while L. fusiformis strain SW13 could produce

IAA via indole-3-acetonitrile pathway using tryptophan as a

precursor for conversion [13] including L. fusiformis UD270

that couldproducehighamount of IAA in culturemedia sup-

plemented with tryptophan [25].

B. Study Condition for IAA Production in CultureMedia of

Some Bacteria

Mohite [10] isolated and identiied 5 IAA producing

bacteria from banana, cotton maize and wheat rhizosphere

as B. megaterium, Lactobacillus casei, B. subtilis, B. cereus

and Lactobacillus acidophilus. The test for optimization of

physical factors for IAA production was conducted in pH
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range of 5 to 9, temperature range of 20 to 40oC, trypto-

phan concentration range of 0.05 % to 1.5 %. Maximum

IAA production was found in the medium supplemented

with 0.1% tryptophan for B. megaterium, Lactobacillus ca-

sei, B. subtilis,1.5% for Lactobacillus acidophilus, and 0.05%

B. cereus. Each strain had different optimal concentration

of precursor for IAA production. Indeed, Bharucha et al. [9]

found the suitable concentrations of L-tryptophan for IAA

production of Pseudomonas putida UB1 was 0.2 mg mL-1

in range of 0.05 to 0.25 mg mL-1, and noticed that the IAA

production was gradually increase with the increased of L-

tryptophan concentration.

In another research, Tallapragada et al. [11] per-

formed a study of IAAproducingBurkholderia seminalis and

its effect on tomato. The A response surface methodology

was utilized to ind the relationships between reasonable

factor. The results showed that IAA production increased

together with increasing of tryptophan concentration and

inoculum sizes.

III. METHODOLOGY

A. Preparation of Endophytic Bacterial Strain

Lysinibacillus fusiformis UD270 isolated from local

plants in Khon Kaen, Thailand, was grown in the 2mL tube

of nutrient broth medium (NB, 5g beef extract, 3g peptone

in 1000 mL distilled water), incubated at 30°C with agita-

tion at 150 rpm. After 24 hours, the culture was used as

the starter for the next experiments. The growth of 1 mL

24-hour culture was determined at 600nm of optical den-

sity by a spectrophotometer. Cell number was aseptically

determined by plate countingmethod. Onemilliliter of bac-

terial culturewas added into 9mL of 0.85%NaCl (8.5g NaCl

in 1000mL distilled water) and 10-fold serial dilutions to

10-5 were done and spread on nutrient agar medium (NA,

5g beef extract, 3g peptone, 15g agar in 1000mL distilled

water). The bacterial colonies on inoculatedNA plateswere

counted after incubating at 30°C for 24h. Bacterial growth

measurement and colony counting were performed in trip-

licate.

B. Determination of the Optimal Tryptophan Concentra-

tion for Bacterial IAA Biosynthesis

For inding the suitable concentration of L-

tryptophan for IAA production in terms of its effective ap-

plication in practices, 0.5mLof starter (OD600 =1)was inoc-

ulated in each 250mL lask containing 50mL of NBmedium

separately supplemented with 0, 0.5, 1, 2, 3, 4, and 5mg

mL-1 of L-tryptophan (99%, ACROS Organics, USA)[26].

The inoculated lasks were incubated at 30°C with agita-

tion at 150 rpm for 72h. 5mL of bacterial culture were ad-

equately withdrawn for each sampling at 0, 12, 24, 36, 48,

and 72h of incubation. The bacterial growth was measured

at 600nm of optical density by using the spectrophotome-

ter. For obtaining IAA production, 1.5mL of bacterial cul-

ture were centrifuged at 10,000 rpm for 10 min to discard

bacterial cells. The IAA concentration was then quantiied

by the colorimetric method in which 1mL of supernatant

was added into a 10 mL tube containing 1 mL of Salkowski

reagent (12g FeCl3, 1000g 7.9M H2SO4) in dark conditions

for 30min at room temperature. The concentration of IAA

was monitored by measuring the optical density at 530nm

and calculated using a IAA standard curve. pH of 5mL cul-

ture samples was also determined by a pH meter. The ex-

periment was done in triplicate.

C. Determination of the Optimal Cell Concentration for

Bacterial IAA Biosynthesis

Five hundred microliters of starter in various cell

concentrations at 103, 105, 107, 109 CFU mL-1 were added

into several 250mL lasks containing 50mL of NB medium

supplemented with 5 mg mL-1 L-tryptophan. The inocu-

lated lasks were kept in the incubating shaker with 150

rpm, at 30oC, for 60h in each sampling, 5mL of bacterial

culturewas taken at 0, 12, 24, 36, 48, and 60h of incubation.

The bacterial growth and IAA production were determined

through the above-mentioned methods with three replica-

tions.

IV. RESULTS AND DISCUSSION

A. Optimization of IAA Production of Lysinibacillus

Fusiformis UD270

Lysinibacillus fusiformis UD270 grew rapidly in the

irst 12h and gradually produced IAA over the incubated

time. IAA was synthesized in stationary phase of growth

as a secondary metabolite which was produced strongly af-

ter 24h. In various amount of tryptophan supplement, the

growth and IAA production of the studied endophyte were

increased at the high tryptophan concentrations (Figure 1:

A, B; Table: 1, 2). Similarly, Lysinibacillus fusiformis showed

the ability to synthesize IAA with the presence of trypto-
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phan. This bacterium could synthesize IAA from trypto-

phan as the main precursor [27] . The addition of trypto-

phan to the culture medium results in higher IAA produc-

tion in all studied bacteria [13].

Fig. 1 . The growth (A), indole acetic acid production (B) and pH (C) of L. fusiformis UD270 in nutrient broth with various concentrations

of L-tryptophan

TABLE 1

THE GROWTH (OD600nm) OF L. FUSIFORMIS UD270 IN NUTRIENT BROTHWITH VARIOUS CONCENTRATIONS OF L-TRYPTOPHAN

Treatment Time (h) 0 12 24 36 48 60 72

0 0.023± 0.002 0.609± 0.032 0.922± 0.064 0.946± 0.041 1.147± 0.104 1.191± 0.175 1.160± 0.144

0.5 0.021± 0.005 0.578± 0.080 0.740± 0.089 0.749± 0.128 0.908± 0.073 0.917± 0.032 0.867± 0.064

1 0.099± 0.009 0.637± 0.008 0.765± 0.086 1.488± 0.221 1.143± 0.039 1.293± 0.115 1.520± 0.015

2 0.062± 0.015 0.705± 0.093 0.688± 0.004 1.870± 0.017 1.201± 0.040 1.411± 0.355 1.163± 0.045

3 0.046± 0.017 0.761± 0.090 0.750± 0.014 1.498± 0.012 1.230± 0.157 1.325± 0.195 1.496± 0.004

4 0.053± 0.016 0.815± 0.137 0.875± 0.073 1.493± 0.023 1.319± 0.053 1.451± 0.047 1.529± 0.039

5 0.064± 0.007 0.890± 0.106 1.221± 0.079 1.819± 0.080 1.142± 0.069 1.507± 0.190 1.469± 0.210

TABLE 2

INDOLE ACETIC ACID PRODUCTION (µg ml -1) OF L. FUSIFORMIS UD270 IN NUTRIENT BROTHWITH VARIOUS CONCENTRATIONS OF

L-TRYPTOPHAN

Treatments Time (h) 0 12 24 36 48 60 72

0 0.00 0.00 1.21± 0.013 0.81± 0.019 2.69± 0.020 4.70± 0.015 4.29± 0.009

0.5 0.00 4.01± 0.008 10.47± 0.026 12.45± 0.050 15.40± 0.013 16.24± 0.008 16.84± 0.045

1 0.00 12.21± 0.049 15.46± 0.040 18.50± 0.039 15.65± 0.004 18.04± 0.020 17.88± 0.016

2 0.00 15.10± 0.007 17.20± 0.034 20.38± 0.006 18.41± 0.061 24.29± 0.038 19.09± 0.059

3 0.00 15.64± 0.005 17.42± 0.045 24.15± 0.037 24.74± 0.011 28.16± 0.010 28.63± 0.019

4 0.00 16.64± 0.010 18.14± 0.031 24.83± 0.024 24.89± 0.032 25.75± 0.063 29.42± 0.030

5 0.00 18.30± 0.069 33.44± 0.046 38.68± 0.111 32.03± 0.004 32.60± 0.147 35.77± 0.026
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TABLE 3

THE PH OF L. FUSIFORMIS UD270 IN NUTRIENT BROTHWITH VARIOUS CONCENTRATIONS OF L-TRYPTOPHAN

Treatments Time (h) 0 12 24 36 48 60 72

0 6.93 7.48 8.45 8.83 9.2 9.57 9.69

0.5 6.92 7.49 8.34 8.68 8.81 9.03 9.18

1 6.85 7.58 8.5 8.8 9.14 9.34 9.59

2 6.96 7.62 8.76 9.21 9.64 9.83 9.90

3 6.82 7.57 9.04 9.26 9.54 9.69 9.71

4 6.84 7.62 8.64 8.96 9.17 9.41 9.55

5 6.82 7.46 8.29 8.74 8.96 9.05 9.15

Tryptophan concentrations were set to apply to the

practices, varied from 0.5 to 5mgmL-1. It has been reported

that the IAA produced by luorescent Pseudomonas isolates

increased with an increase in concentration of tryptophan

from 1 to 5mg mL-1 [8]. However, IAA production of differ-

ent L. fusiformis endophytic strains was varied from each

other. In this present study, the highest level of biosyn-

thetic IAA of L. fusiformis UD270 was obtained in 5mg mL-1

tryptophan at 36h of incubation, reaching up to 38.68 µg

mL-1, followed by 4mgmL-1 and 3mgmL-1 tryptophan with

24.83 µg mL-1 and 24.15 µg mL-1 IAA, respectively (Figure

1B, Table 2). In previous study, L. fusiformis strain ANA81

could signiicantly produce IAA at 32.12µgmL-1 [23]. In the

study of Park et al. [28] IAA production from L. fusiformis

isolate PM-5 and PM-24 was 140.9 µg mL-1 and 255 µg

mL-1, respectively, in culture that contained 100 mg L-1 L-

tryptophan. Thus, in a comparison to others, L. fusiformis

UD270 may become a strong candidate for bacterial IAA

biosynthesis to function in plant-bacteria interaction. This

bacterium was able to produce IAA without tryptophan in

an amount of 4.29 µgmL-1 at 72h, while L. fusiformis isolate

Ps7was found as the endophytic plant growth promoting in

Prosoposis strombulifera and could produce a small amount

of IAA (0.02 µg mL-1) in deined media without tryptophan

[14]. The pH of culturewas slightly increasing to be alkaline

(Figure 1C, Table 3).

It was likely to be the optimum pH for IAA producing

Bacillus spp. which could synthesize the maximum amount

of IAA at pH range in 8-9 [10]. Bootkotr and Mongkoltha-

naruk [25] have found that L. fusiformis UD270 could pro-

duce esterase and protease during its growth. The protease

of L. fusiformis C250R was alkaline and stable in the wide

pH range of 5-10. It might be considered that L. fusiformis

tended to adjust pH of culture to be alkaline for growing and

releasing some reasonable metabolites during their growth

mechanisms. The alkaline protease might also hydrolyze

proteins in the culture and release amino acids, leading to

the increase of pH.Moreover, IAA is an unchargedweak acid

[29]. Therefore its production might not much affect pH of

culture, causing the pH of culture depending on growth

mechanisms.

The same trend of growth and IAA synthesis was

clearly observed when the different cell number was added

into culture media containing 5mg mL-1 L-tryptophan (Fig-

ure2, Tables4, 5). The cellswerevaried from103 to109 CFU

mL-1. The bacterial growth in all treatments was rapidly

increased at the early incubation, and tendentiously sta-

ble after 24h. The IAA could be synthesized immediately

after incubation, particularly with high cell number. It in-

dicated that IAA production increased in the case of in-

creasing tryptophan levels and increasing inoculum size

when Burkholderia seminalis was applied to tomato seeds

[11]. In present study, the IAA production was increased

orderly with increasing cell concentrations in that 107 and

109 CFUmL-1 treatments could synthesize IAA faster and in

greater quantities than 103 and 105 CFU mL-1 treatments.

IAA was produced quickly and abundantly within 24h and

stably reached highest amount until 48h when it was de-

creased in all treatments. The biosynthetic IAA was highest

at 49.39 µg mL-1 in 109 CFU mL-1 experiment (Table 5). As

the secondary metabolite, IAA was then increased during

the stationary phase and gradually decreased in the later

incubation period. The decrease in IAA production might

be due to the release of IAA-degrading enzymes such as

indole acetic acid oxidase and peroxidase [30].
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Fig. 2 . The growth (A), indole acetic acid production (B) of L. fusiformis UD270 in nutrient broth with various cell concentrations

TABLE 4

THE GROWTH (OD600nm) OF L. FUSIFORMIS UD270 IN NUTRIENT BROTHWITH VARIOUS CELL CONCENTRATIONS

Treatment Time (h) 0 12 24 36 48 60

103 0.007± 0.004 0.042± 0.012 1.416± 0.008 1.878± 0.017 1.580± 0.023 1.867± 0.036

105 0.012± 0.004 0.179± 0.011 1.862± 0.043 1.827± 0.053 1.593± 0.021 1.854± 0.027

107 0.012± 0.004 0.716± 0.041 2.052± 0.090 1.596± 0.013 1.727± 0.003 1.817± 0.038

109 0.041± 0.006 1.118± 0.034 2.126± 0.036 1.711± 0.056 1.766± 0.105 1.782± 0.026

TABLE 5

INDOLE ACETIC ACID PRODUCTION (µg ml -1) OF L. FUSIFORMIS UD270 IN NUTRIENT BROTHWITH VARIOUS CELL CONCENTRATIONS

Treatments Time (h) 0 12 24 36 48 60

103 0.000 2.7±0.012 31.3± 0.056 41.3± 0.017 48.8± 0.030 29.6± 0.033

105 0.000 3.8± 0.035 40.0± 0.042 42.3± 0.044 45.0± 0.029 34.4± 0.014

107 0.000 12.1± 0.020 45.3± 0.045 48.3± 0.022 49.2± 0.037 43.0± 0.038

109 0.000 24.4± 0.027 48.0± 0.014 47.0± 0.088 49.4± 0.083 43.5± 0.026

B. The Correlation of Growth and IAA Production of L.

Fusiformis UD270 in Culture Media

Since the periodical samples were taken by time, this

allowed the correlation between bacterial growth and IAA

biosynthesis to be obtained. The correlation was displayed

in Figure 3. In the two experiments in which tryptophan

concentration and cell number were the main factors, a

positive correlation between growth and IAA production

was found. In detail, when varying the concentration of

tryptophan added in culture media, the bacteria grew and

synthesized IAA with the same tendency, showing the sig-

niicant positive correlation between growth and IAA pro-

duction with correlation coeficient r = 0.773 at p < 0.05

(Figure 3A, Table 6). The similar observation was indicated

in treatments that had different cell number amounts. The

positive relationship between these two experimental pa-

rameters was also strongly indicated with r = 0.974 at p <

0.05 (Figure 3B, Table 7).

There were three factors that can affect growth as

well as IAA synthesis such as carbon limitation, reduction

in growth rate and concentration of substrate for IAA pro-

duction [31]. In the present study, although the concentra-

tion of tryptophan was varied from lower to higher levels,

it might be beneicial to compare to those used for synthe-

sizing IAA process. Therefore, the bacteria could use the

precursor to synthesize IAA abundantly together with in-

creasing biomass during incubating time. Moreover, when
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different inoculum concentrations as various amounts of

IAA producer were added into culture media, the growth

and IAA production depended on the number of inoculated

cells (Figure 2). It also means that, at the higher amount

of IAA producer, the growth and IAA production might be

greater than at lower amounts. The increase of growth is

inversely linked to the increase of IAA production. This

tendency indicated a positive correlation.

Fig. 3 . The correlation between growth and indole acetic acid production in various concentrations of tryptophan (A) and different cell

number (B) experiments of L. fusiformis UD270

TABLE 6

THE CORRELATION BETWEEN GROWTH AND INDOLE ACETIC ACID PRODUCTION IN VARIOUS CONCENTRATIONS OF TRYPTOPHAN

EXPERIMENTS OF L. FUSIFORMIS UD270

Growth IAA

Growth Pearson correlation 1 0.773*

Sig. (2-tailed) 0.041

N 7 7

IAA Pearson correlation 0.773* 1

Sig. (2-tailed) 0.041

N 7 7

*Correlation is signiicant at the 0.05 level (2-tailed)

TABLE 7

THE CORRELATION BETWEEN GROWTH AND INDOLE ACETIC ACID PRODUCTION IN DIFFERENT CELL NUMBER EXPERIMENTS OF L.

FUSIFORMIS UD270

Growth IAA

Growth Pearson correlation 1 0.974*

Sig. (2-tailed) 0.026

N 4 4

IAA Pearson correlation 0.974* 1

Sig. (2-tailed) 0.026

N 4 4

*Correlation is signiicant at the 0.05 level (2-tailed)
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V. CONCLUSION

The endophyte L. fusiformis strain UD270 has shown

the ability to synthesize IAA in the medium supplemented

with L-tryptophan. Moreover, the different sizes of inocu-

lum cell concentration lead to variable growth and IAA pro-

duction for each concentration. In terms of effective ap-

plication, the best growth and IAA production were deter-

mined by the suitable concentration of L-tryptophan and

the amount of inoculum for IAAproductionwhichwere5mg

mL-1 and 109 CFU mL-1, respectively, pointing to a positive

correlation between these two parameters. This IAA pro-

ducing bacteria should be utilized to improve its potential

capacity involving plant-bacteria interaction in further re-

search.
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