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Abstract: One of the natural reservoirs of potentially human-pathogenic bacteria is believed to be the rhizosphere. Th e 

aim of the present work was to test nontuberculous mycobacterium Mycobacterium phlei MbP18 for its ability to colonize 

the rhizosphere of wheat and to evaluate its eff ect on plant growth under saline conditions. In competitive wheat root 

tip colonization assays, M. phlei MbP18 showed poor competitive colonization of the wheat rhizosphere compared to 

the reference strain. Th e strain produced lipase, amylase, cellulase, and pectinase and grew well in the presence of high 

salt (up to 4% NaCl) and at high temperatures (up to 40 °C). It was also able to utilize a wide range of carbohydrates for 

growth. Th e strain produced indole-3-acetic acid and proved to be very effi  cient in promoting a signifi cant increase in 

the shoot and root of wheat under saline conditions. In conclusion, the results of this study indicate that M. phlei MbP18 

has benefi cial eff ects on plant growth under saline conditions through its ability to produce diff erent biologically active 

compounds such as cell wall-degrading enzymes and the phytohormone auxin. However, its competitive colonization 

abilities in the rhizosphere are poor. In light of this observation, attempts should be made to manage the rhizosphere in 

order to prevent colonization of the rhizosphere by pathogens. Th is will help remove mycobacteria from habitats where 

humans or animals can be exposed.
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Introduction

Human infections associated with plants have 
increased in many countries in the world (1). 
According to Gagliardi and Karns (2), animal 
manures that are oft en applied to land as fertilizer 
are not specifi cally treated to reduce their bacterial 
content. As a result, large numbers of bacteria, 
including potential pathogens, are applied to soil 
along with the manure, and these pathogens can 
reach the rhizosphere of plants; their survival and 
interaction with plants is greater than previously 
thought (3). 

A group of nontuberculous mycobacteria (NTM) 
have increased in prevalence and are causing disease 

worldwide in both immunocompromised and 

immunocompetent people (4,5). Many NTM have 

been found in a variety of environments including 

natural and municipal water, soil, plants, animals, and 

humans (6,7). Moreover, several studies support the 

view that environmental strains are indistinguishable 

from clinical isolates in terms of genotypic, 

taxonomic, or metabolic properties (8-10). 

Mycobacterium phlei is considered to be an 

opportunistic NTM and is usually saprophytic, but 

has been reported to cause septic arthritis in humans 

(11) as well as infections in cats (12) and cattle (13). As 

these bacterial species do not transmit from person to 

person, their source is believed to be environmental. 
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Th ey have been recovered from boreal forest soil 

(14), water ecosystems (15), and drinking water (16). 

However, their reservoirs are not yet well understood. 

Th e plant root is believed to be a natural reservoir 

of opportunistic pathogens, an alternative host for 

human pathogens to survive in the environment, and 

a vehicle to recognize the animal or human host once 

the pathogen is ingested (17). Assuming that the 

selected bacteria are indeed of warm-blooded origin, 

the question of how they successfully compete with 

the local indigenous rhizosphere microfl ora arises. 

Th e aim of this study was to evaluate the colonization 

of M. phlei strain MbP18 in the rhizosphere of wheat 

and to investigate its interactions with plants.

Material and methods

Microorganisms 

Th e bacterial strain M. phlei MbP18 was taken from 

the culture collection of the National University of 

Uzbekistan. Th e strain was previously isolated from 

the rhizosphere of wheat (18). Pseudomonas fl uorescens 

PCL1285 (a Tn5luxAB derivative of WCS365) was 

acquired from the culture collection of Leiden 

University, the Netherlands. Strain WCS365 is an 

excellent colonizer of various plant root systems (19).

Traits involved in plant growth promotion 

Hydrogen Cyanide (HCN) production by the 

bacterial strain was determined according to the 

method described by Castric (20), lipase activity 

was determined according to the method described 

by Howe and Ward (21), protease activity was 

determined according to the method described 

by Brown and Foster (22), glucanase activity was 

determined according to the method described by 

Walsh et al. (23), and cellulase activity was detected 

using the substrate carboxymethylcellulose in top-

agar plates (24). Pectinase was performed according 

to the method of Smibert and Krieg (25). 

Th e production of acid from carbohydrates 

was tested in peptone water broths containing 

carbohydrates such as glucose, arabinose, xylose, 

glycose, galactose, saccharose, lactose, maltose, 

glycerol, mannitol, and Andrade’s indicator at 1% 

(26).

Th e production of indole-3-acetic-acid (IAA) was 

determined according to the method of Bano and 

Musarrat (27). Tested bacterial strains were grown 

in LC medium, a modifi cation of Luria broth base, 

Miller (Difco), amended with 1%-4% NaCl with and 

without tryptophan (100 μg/mL) and incubated at 

28 °C. Aft er 4 days of cultivation, 2-mL aliquots of 

bacterial culture were removed from each tube and 

centrifuged at 13,000 × g for 10 min. Supernatant 

fl uid (1 mL) was transferred to a fresh tube, to which 

100 μL of 10 mM orthophosphoric acid and 2 mL 

of reagent (1 mL of 0.5 M FeCl
3
 in 50 mL of 35% 

HClO
4
) were added. Aft er 25 min, the absorbance 

of the developed pink color was read at 530 nm. Th e 

IAA concentration in the culture was determined by 

using a calibration curve of pure IAA as a standard. 

In order to determine the optimum salt 

concentration for growth, the bacterial strain was 

cultured in LC medium supplemented with 1%, 2%, 

3%, and 4% NaCl (w/v). Th e growth rate of bacteria 

isolates was determined by spectrophotometer aft er 

2, 4, 6, 8, 10, 12, and 14 h. Th e bacterial strain growth 

was measured as optical density (OD) at 600 nm. Th e 

growth at diff erent temperatures was observed in LC 

medium aft er incubation at 10, 30, and 40 °C. 

Th e bacterial strain was tested in vitro against 

Fusarium oxysporum f. sp. radicis-lycopersici (Forl), 

Gaeumannomyces graminis pv. tritici (Ggt), Pythium 

ultimum, Alternaria alternate, and Botrytis cinerea 

using a plate bioassay with potato dextrose agar. 

Fungal strains grown in agar plates at 28 °C for 

5 days and disks of fresh culture of the fungus (5 

mm in diameter) were cut out and placed in the 

center of a 9-cm petri dish. Bacteria were streaked 

onto the test plates perpendicular to the fungi. Plates 

were incubated at 30 °C for 7 days until the fungi 

had grown over the control plates without bacteria. 

Antifungal activity was recorded as the width of the 

zone of growth inhibition between the fungus and 

the test bacterium. 

Competition assay for colonization of wheat root tip

For the competitive colonization of wheat root tip 

assay the strain M. phlei MbP18 was grown overnight 

in LC medium. One milliliter of an overnight culture 
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was sedimented by centrifugation (13,000 × g) 

and the supernatant was discarded. Th e cells were 

resuspended in 1 mL of phosphate buff ered saline 

(PBS). Cell suspensions were adjusted to OD
620

 = 

0.1, corresponding to a cell density of about 108 cells/

mL. Cell suspensions of competing strains were 

mixed equally, and the virtual ratio in the mixture 

was determined by plating 10−5 and 10−6 dilutions on 

LC agar and LC agar supplemented with kanamycin 

(Km). In the case of competition of the isolate, 

PCL1285 was used. Sterile wheat seedlings were 

dipped into the mixed cell suspensions and incubated 

for 10 min. Inoculated seedlings were sown in sterile 

glass tubes with sand, as described by Simons et al. 

(28). Th e inoculation treatments were set up in a 

randomized design with 10 replications. Plants were 

grown for 7 days in plant growth chambers with 

16 h of daylight at 24 °C, and then 1 cm of root tip 

was collected from the plantlets. Bacterial cells were 

removed from the root tip by vortexing in PBS and 

plated with a spiral plater on LC medium containing 

X-gal (40 μg/mL) to distinguish between the strains 

set in competition. 

Plant growth promotion under gnotobiotic 

condition

Th e eff ects of inoculation with M. phlei MbP18 on 

wheat seedlings grown under saline conditions were 

studied under gnotobiotic conditions. Gnotobiotic 

experiments were carried out in test tubes (25 mm 

in diameter, 200 mm in length) containing 60 g of 

sterilized sand, as described by Simons et al. (28). 

Saline conditions were obtained by adding 100 mM 

NaCl to the plant nutrition solution (PNS). Seeds 

were germinated on 1% water agar in the dark at 

28 °C. Bacteria were grown in LC medium for 24 h, 

and bacterial suspensions were adjusted to an OD at 

620 nm of 0.1 (OD
620

 = 0.1), corresponding to a cell 

density of about 108 cells/mL. Germinated seeds were 

placed in the bacterial suspension with sterile forceps 

and shaken gently for a few seconds. Aft er standing 

for 10 min, inoculated seedlings were planted in 

sterile glass tubes with 1 seed per tube. Th e seedlings 

were grown in a growth cabinet with a 16-h light 

period at 22 °C and an 8-h dark period at 16 °C. Aft er 

10 days of growth, the length of shoots and roots and 

the dry matter of plants were measured. 

Statistical analysis

Data were tested for statistical signifi cance using the 
analysis of variance package included in Microsoft  
Excel 98, and comparison was done using Student’s 
t-test. Mean comparisons were conducted using 
a least signifi cant diff erence (LSD) test (P = 0.05). 
Standard error and LSD results were calculated.

Results 

Th e strain M. phlei MbP18 was tested for competitive 
wheat root tip colonization against P. fl uorescens 
PCL1285, the best-known competitive root tip 
colonizer (28). M. phlei MbP18 showed poor 
competitive colonization of the wheat rhizosphere 
(0.8 × 103 CFU/cm root tip) when compared with the 
reference strain P. fl uorescens PCL1285 (12.3 × 103 
CFU/cm root tip). 

Th e strain produced lipase, amylase, cellulase, and 
pectinase, and it grew well in the presence of high 
salt (up to 4%) and at high temperatures (up to 40 
°C) (Table; Figure 1). Th e strain showed antagonistic 

Table. Characteristics of Mycobacterium phlei MbP18 isolated 

from wheat grown in salinated soil.

Properties M. phlei MbP18

Production of enzymes

Lipase

Glucanase

Protease

Pectinase

Cellulase

Amylase

Utilization of

Glucose

Arabinose

Xylose

Galactose

Saccharose

Lactose

Maltose

Mannitol

Plant growth promotion

Control shoot (8.5 cm)

              Root (12.4 cm)

              Dry weight (0.017 g)

Growth at 40 °C

+

-

-

+

+

+

+

+

+

+

+

+

+

+

11.2 ± 0.9

13.2 ± 0.6

0.027 ± 0.08

+
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activity toward the phytopathogenic fungi F. 

oxysporum f. sp. radicis-lycopersici, G. graminis pv. 

tritici, A. alternate, and B. cinerea. 

Th e patterns of acid production from 

carbohydrates produced by M. phlei MbP18 showed 

that it produced acid from glucose, arabinose, xylose, 

glycose, galactose, saccharose, lactose, maltose, and 

mannitol (Table).

IAA production was tested in the absence and 

presence of 100 μg/mL of the auxin precursor 

tryptophan, and results obtained from 4-day-old 

cultures showed that M. phlei MbP18 produced IAA. 

Th e presence of tryptophan strongly stimulated IAA 

production by the strain. Th e salinity did not strongly 

inhibit the IAA-producing ability of the bacterial 

strain (Figure 2).

As for the plant growth-promoting properties of 
M. phlei MbP18, the strain signifi cantly stimulated 
shoot growth (up to 32%), root growth (up to 6%), 
and dry matter contents (up to 52%) in wheat grown 
under saline conditions (Table). 

Discussion

Manure is directly used to fertilize nutrient-poor 
soil, and it is an obvious point source of pathogens. 
Th e use of manure may expose humans to enteric 
pathogens through food, water, or direct contact 
with crops; it also perpetuates an on-farm cycle 
of farm animal infection with human pathogenic 
enteric bacteria (29). Potentially pathogenic species 
are assumed to colonize and establish in the roots 
of crops and become enriched through utilization 
of carbon sources present in the root exudates (30). 
According to Roberts et al. (31), the rhizosphere 
attracts not only benefi cial bacteria to colonize the 
roots, but also human pathogens that have evolved to 
respond to the same signals. 

In this study, M. phlei MbP18 was able to colonize 
wheat root. However, the competitive colonization 
ability of the strain was poor compared with the 
reference strain. 

Similar results were found in a previous study, 
in which potential human pathogenic strains such 
as P. aeruginosa, B. cereus, Staphylococcus sp., and 
Acinetobacter sp. showed poor colonization of wheat 
root (32). In a study published by Morales et al. (33), 
it was also shown that the survival and colonization 
of potentially pathogenic human-associated bacteria 
in the rhizosphere of plants is poor and that their 
persistence in and colonization of plants may 
decrease with coinoculation of pathogens with 
naturally occurring bacteria (34,35).

Th e biochemical characterization of M. phlei 
MbP18 showed that it produces several enzymes 
such as lipase, cellulase, pectinase, and amylase. 
Caballero et al. (36) reported that protease syntheses 
by bacterial strains have been implicated in their 
pathogenicity. It is also known that secretion of 
these enzymes by microbes can sometimes result in 
the suppression of plant pathogen activities (37). M. 
phlei showed antagonistic activity against pathogenic 
fungi such as F. oxysporum f. sp. radicis-lycopersici, G. 
graminis pv. tritici, A. alternate, and B. cinerea.  
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Figure 1. Eff ects of NaCl (0%, 1%, 2%, 3%, and 4%) on the growth 

of Mycobacterium phlei MbP18 aft er 2, 4, 6, 8, 10, 12, 

and 14 h. Growth was measured as OD at 600 nm.
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M. phlei MbP18 was salt-tolerant (up to 4% NaCl) 
and temperature-resistant (up to 40 °C), and thus the 
strain was able to survive in the rhizosphere of the 
plant due to its competitiveness and persistence under 
saline, arid soil conditions. Th e high temperature of 
the soil in arid regions creates conditions that are 
favorable for bacteria that originate from warm-
blooded animals. In earlier reports, M. phlei and 
M. thermoresistibile were the only 2 mycobacteria 
that could grow at temperatures of up to 52 °C (38). 
M. phlei MbP18 was able to utilize a wide range of 
carbohydrates for growth. Th is ability is well suited 
to the rhizosphere, because the strain is able to use a 
wide variety of carbon sources as nutrients. 

Th e results showed that M. phlei MbP18 establishes 
benefi cial interactions with the plant, which lead 
to stimulation of plant growth. In previous studies, 
the strain also increased maize, pea, and cotton 
growth, as well as nutrient uptake in arid soils (39). 
Dell’Amico et al. (40) reported that inoculation of 
canola (Brassica napus) with Mycobacterium sp. 
ACC14 promoted plant growth. Th e bacterial strain 
M. phlei MbP18 was able to produce the IAA that has 
been implicated in the stimulation of plant growth 
(41).

In conclusion, the results of this study indicated 
that M. phlei has the potential to produce diff erent 
biological active compounds, such as cell wall-
degrading enzymes and IAA. In addition, the strain 
utilizes a wide range of carbohydrates as carbon 

and energy sources. Th e strain may positively aff ect 

plant growth and has the ability to survive under 

ecologically stressed conditions, including hot 

summer temperatures and saline and nitrogen-

defi cient soils. However, its competitive colonization 

abilities in the wheat rhizosphere are poor. In light of 

this observation, eff orts should be made to manage 

the rhizosphere in such a way that it becomes more 

resistant to colonization by pathogens. Th is will help 

remove mycobacteria from habitats in which humans 

or animals can be exposed.
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