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Abstract 

A variety of endophytic bacteria thrive inside plants, enhancing their growth under a variety of conditions. By 

modulating growth and stress hormones directly, they improve nutrient uptake and nutrient utilization. 

There are a number of ways in which endophytic bacteria can improve plant health indirectly, including 

antibiotics, hydrolytic enzymes, nutrient limitations, and priming plant defenses. Maize roots were used in 

the present study to isolate salt-tolerant bacteria. Bacteria were exposed to salinity stresses of 50mM, 

100mM, 150mM, and 200mM and showed a tolerance of 200mM of NaCl. The LB media were used to produce 

indole-3-acetic acid (IAA). Ammonia was also produced by isolates, as confirmed by Nessler's reagent. It was 

found that the isolates tested positive for catalase. Based on all these findings, the endophytes might be useful 

in agriculture. 
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INTRODUCTION 

Endophytic bacteria have been known as microorganisms that could be extract from the sterilize surface of 

the plant tissues and do not visibly damage host plants (Petrini, 1991; Hallmann et al., 1997; Schulz and 

Boyle, 2006). But it is now considered that endophytism is a universal phenomenon (Kobayashi and Palumbo, 

2000) and is similar that all plants harbor endophytic bacteria (Rosenblueth and Martínez-Romero, 2006; 

Ryan et al., 2008; Compant et al., 2010; Dudeja and Giri, 2014). 

Endophytic bacteria is present in rhizosphere in a diverse range of organs (e.g., roots, stems, leaves, seeds, 

and fruits) of plants (Rayan et al ,2008). Beneficial endophytic bacteria linked with the plants which play an 

important role in the health and growth of plants and low yield in a different environmental stresses (H. 

Etesami, and D.K. Maheshwari,2018). Bacteria colonizing the roots of plants and have advantageous effects on 

plant growth and development which is known to be as plant growth promoting–rhizobacteria (PGPR) (J.W. 

Kloepper et al 1989). These bacteria have benefit on plant growth by various mechanisms (H. Etesami, and 

D.K. Maheshwari,2018). Endophyte bacteria, which colonize the internal tissue (the intercellular spaces) of 

plants rather shows any negative effects on their host, constitute a great reservoir of bacterial diversity with a 

striking biotechnological potential (Rayan et al ,2008). The interest in endophytic bacteria has more, as they 

colonize the internal tissues of their host plants and improve plant tolerance to various abiotic stress factors 

and can save plants from different pathogenic microbes (Malfanova et al., 2011; Hashem et al., 2016). 

Endophytic bacteria were found in a diverse range of plants containing crops, aromatic and medicinal plants, 

halophytes etc. (AzariasGuimarães et al., 2012; Sharma et al., 2012; Egamberdieva et al., 2017). Plant growth 

promoting endophytic (PGPE) bacteria are a group of microorganisms linked ecofriendly with the terrestrial 

plants which to be known for their advantagous effects on growth,yield and health of the host (Qin et al. 

2011b; Reinhold-Hurek and Hurek 2011; Grönemeyer et al. 2012). The well-known mechanisms is referred 
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to be a PGPE can be either direct or indirect such as nitrogen fixation for plant use, ammonia production, 

solubilization of mineral phosphate, sequestration of iron for plants by siderophores, production of plant 

hormones like auxins, cytokinins and gibberellins, and biological control of plant pathogens and deleterious 

microbes through the production of antibiotics and cell wall degrading enzymes (Lucy et al. 2004; Patel et al. 

2012). 

Endogenous bacterial endophytes is referred which is capable of breaking hydrocarbons are likely to be 

widespread, to date only a few studies have assessed the degradation potential inherent to endophytic 

associated of common plant are used in phytoremediation studies. Pseudomonas, Arthrobacter, Enterobacter, 

and Bacillus strains which extract from the root and stem tissues of a diverse range of popular cultivars 

growing at a car manufacturing plant were capable to break BTEX compounds (Porteous-Moore et al. (2006).  

The distribution of these bacteria was spatially limited both within and between individual poplar cultivars. 

The bacterial populations were assessed which are linked with tall fescue and red clover growing at an aged-

hydrocarbon contaminated site (Siciliano et al. (2001). These researchers found from 0.1% to 4% of 

culturable heterotrophic endophytic bacteria possessed genes involved in hydrocarbon degradation, but that 

there were significant plant specific differences in the prevalence of degrader genotypes. In some cases, as 

with alkB genotypes in tall fescue endophytic communities, there was increased degrader prevalence in 

endophytic communities relative to rhizosphere communities. 

Endophytic bacteria exhibit complex interactions with their hosts which involves mutualism and antagonism. 

Their association can be obligate or facultative. Plants strictly limit the growth of endophytes, and these 

endophytes use many mechanisms to gradually adapt to their living environments. In order to maintain 

stable symbiosis, endophytes produce several compounds that promote growth of plants and help them 

adapt better to the environment (Ulrich K.et .al, (2008). Endophytes are capable to enter inside the plant 

hosts colonizing the intercellular spaces and also the xylem vessels.  

 

Objectives: The objectives of the present study were to screen weather plant endophytic bacteria have a role 

in salinity stress and to identify the threshold level of salinity by the endophytic bacteria. 

MATERIAL AND METHODS 

1. Isolation of endophytic bacteria 

A total of four soil samples were collected from the roots of the maize plants including the 1cm two samples 

from the surface and 5 cm two samples from under the surface. All soil samples were inoculated in double 

distilled water for a short period of time using four falcon tubes for each sample. After inoculation with loop 

few drops of inoculated soil samples were steaked on four L.B media plates.  

 

2. Preparation of bacterial inocula: 

To perform each of the tests in this study, the fresh inoculum of each isolate was prepared in the following 

way. Initially, endophytic bacterial isolates were re–cultured on LB medium. The 100 m L flask containing 20 

mL of sterilized LB culture medium were inoculated with bacterial isolates. The cultures were incubated at 37̊ 

C for 48 h (for fast– growing bacteria) and 72 h (for slow–growing bacteria) on a shaker with a rotation speed 

of 120 rpm until (turbid) logarithmic phase was attained. The bacterial cells were harvested through 

centrifugation (7000 g for 10 min) after growth in LB culture medium and then washed twice with phosphate 

buffer and then suspended in the same buffer. 

 

3. Characterization of bacteria on the basis of morphology 

Bacteria was grown but changes in color, diameter, status and appearance of colonies were investigated after 

24 hours of incubation. The tolerance of isolates to different levels of salinity was evaluated by observing the 

quality of the colonies grown in the control plates. 
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4. Salt tolerance test of isolates  

For this purpose, NA medium containing different salinity percentages (50 to 1700 mM) NaCl salt) was used. 

At first, culture media including different concentrations of NaCl were distributed in sterile conditions in Petri 

dishes and fresh culture of each isolate with a uniform population was spotted onto the agar plates. For each 

isolate, three replicates were taken and the petri dishes were kept in the incubator at 37̊ C after sealing.  

 

5. Biochemical Characterization  

Catalase Test: Catalase activity of the isolates was estimated by using H2O2 solution onto the microscopic 

slides containing the culture of the isolates separately. Observations were taken for immediate bubble 

formation (O2 + water = bubbles). Release of O2 bubbles indicated positive catalase activity. It was used to 

differentiate staphylococci (positive) from streptococci (negative) the enzyme Catalase was produced by 

bacteria that respired using oxygen and protect them from toxic byproduct of oxygen metabolism. We took 

six plates of samples and dropped few drops of H2O2 on each plates by using dropper. As a result, bubbles 

like liquid were formed which showed positive catalase activity. 

 

6. Nessler’s reagent test  

In an aqueous solution of potassium iodide (7.0gm), mercuric chloride (10.0gm) and sodium hydroxide which 

ass used to determine the presence of ammonia in specific material when this reagent detect ammonia in a 

particular substance, the color of the solution will change to yellow. First nester reagent was formed and then 

poured in six falcon tubes each with five micro liter then colonies of endophytic bacteria were picked by using 

toothpick and dropped in each of the six falcon tubes. After that we kept those falcon tubes in continuous 

shaker at 37̊ C for 12 hours the next day the solution of colour was changed which showed positive results. 

 

 

RESULTS 

 

Isolated endophytic bacteria were tolerant to Salinity stress (50mM to 200mM): 

Endophytic bacteria were isolated from maize crops roots. First its plant growth promoting activities were 

analyzed by checking its tests for IAA production in order to know whether those bacteria has a role in 

salinity stress. The endophytic bacteria were exposed todifferent concentrations of salinity stresses 

50mM,100mM,150 mM,and 200 mM stress of NaCl on LB respectively each; experiment was continue after 

successful growth of these bacteria on LB and salt stress media after growth on 1 plate of salt stress the level 

for salinity were evaluated gradually it was noted that the salt stress up to 200mM didn’t inhibit the growth 

of these endophytic bacteria suggesting that these endophytic bacteria have a role of salinity stress. Isolate 

were known to have different level of maximum salt concentration stress tolerance for the growth and yield. 

But some bacteria were growing upto 200mM stress of Nacl but showed the same results and grow on plates 

as same as 50mM stress of Nacl. The temperature and various morphology of bacteria were recorded for each 

isolate. Morphology was helpful in identification of streptococcus and staphylococcus. For example, 

pseudomonas family. It confirmed that the bacteria were capable of growing to tolerate the salinity stress. 

Isolated endophytic bacteria were tolerant to Salinity stress (400mM to 1000mM)  

To analyze that the level of the endophytic bacteria can cope with the salinity stress a second round of salinity 

stress were given. The endophytic bacteria were exposed to different stresses after growing in one stress and 

the level of stress were elevated gradually. On exposure to 400mM to 1000mM it was observed that the 

endophytic bacteria were capable to grow under applied stresses without inhibiting their normal routine 

growth at 37̊ C, suggested that these bacteria’s were capable of handling salinity stress regardless of its 

growth promoting activities as shown in fig 4.1.2 surprisingly there was no reduction at the growth rate of 

these bacteria. 
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Isolated endophytic bacteria screening for maximum salinity stress threshold level. 

In order to characterize the maximum threshold level for salinity stress. Isolated endophytic bacteria were 

exposed to 1200mM, followed by 1500mM, 1650mM and 1800mM. The data suggested that these bacteria 

were resistant to 1200mM, 1500m, and 1650mM. However, at 1800mM these bacteria did not show any 

growth hence no colonies were seen on the plates as shown in figure 4.1.3. These results confirmed that these 

bacteria can handle salinity stress up to 1700mM which is the maximum capacity of these endophytic 

bacteria to cope with salinity.  

 

 

Endophytic bacteria responded positively for ammonia production. 

Nessler’s reagent test was performed to determine the presence of ammonia in specific material when this 

reagent detect ammonia in a particular substance, the color of the solution changed to yellow which confirms 

that endophytic bacteria responded positively for ammonia production. 

 

Selected endophytic bacterias were positive for Catalase test.   

To differentiate staphylococci (positive) from streptococci (negative) by using H2O2 solution onto the 

microscopic slides containing the culture of the isolates separately. Observations were taken for immediate 

bubble formation as shown in fig. 4.3. 

 

DISCUSSION 

A specific amount of endophytic bacteria were isolated first and then grown on the agar media as it indicated 

endophytic isolates. The diversity and beneficial characteristics of endophytic microorganisms have been 

studied in Plectranthustenuiflorus medicinal plant. Endophyte as microorganism resist inside the plant 

without any regards to specific tissues, interactions between plants and bacteria help plants to settle in 

ecosystem restoration processes (Glick et al. 1995).  

These interactions may increase the ability of plants to utilize nutrients from the soil by increasing root 

development, nitrate uptake or solubilizing phosphorus, and to control soil-borne pathogens. Recently, many 

known as well as new endophytic bioactive metabolites, possessing a wide variety of biological activities as 

antibiotic, antiviral, anticancer, anti-inflammatory, antioxidant, etc., have been identified .Therefore, it has a 

high potential to screen novel, highly active, and low toxicity antimicrobial substances from 

endophytes.(Strobel and Daisy 2003). 

Lately there were some reports shown that endophytic isolates also behaves as bio-medicine. 

Characterization of endophytic bacteria was done on the basis of colony morphology, colony color, cell shape, 

motility, growth rate, and Gram reaction. The interaction of endophytic bacteria or isolates with 

microorganism contains nutrients and growth-influencing substances. The 51% of biologically active 

substances were isolated from the endophytic fungi (Strobel 2003). 

Endophytic bacteria are non-pathogenic microorganism that lives or are present in the internal tissues of 

plant. In most of the research the characterization of the endophytic bacteria is done on the bases of the 

shape, size and color. As mention in this research the tests that were done on the endophytic bacteria some 

were positive and some have different results then our research. It also plays an important role in 

metabolism and physiology of plant.  

By using media like nutrient agar media the endophytic bacteria are grown and on the basis of the 

morphological and biochemical characterization of the endophytes. Root and leaf tissue were selected and it 

was found that the population density and type of the Endophyte was more in root than in leaves. Many of the 

bacterial genera encountered in this work were previously reported by Lopez-Lopez et al., and many species 

of genera Bacillus were found by Walker et al. in bean seeds. Endophytic population according to cultivar or 

clone has differences, some specific endophytic bacteria were only isolated from a single studied cultivar.  

https://www.tandfonline.com/doi/full/10.1080/17429145.2012.680077
https://www.tandfonline.com/doi/full/10.1080/17429145.2012.680077
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Endophytic bacteria are bacteria that live in plant tissues without doing substantive harm or gaining benefit 

other than residency. Both gram-positive and gram-negative bacterial endophytes have been isolated from 

several tissue types in numerous plant species. These variations are attributed to plant source, plant age, 

tissue type, time of sampling, and environment. Generally, bacterial populations are larger in roots and 

decrease in the stems and leaves. All of this research has done for the determination of the prevalence, 

properties, persistence, and types of endophytic bacteria in agronomic and native plants. 

Modification of plants to obtain organisms with improved genetic capabilities and tolerance to different 

environmental conditions is generally carried out by plant breeding and by integrating foreign DNA into plant 

genomes to produce transgenic plants. The successful colonization of several crops with such microbes 

suggests that they can be utilized in future applications, such as delivery of degradative enzymes for 

controlling certain plant diseases or other useful products. 

In our research we have taken samples of endophytic bacteria which were specifically taken from the maize 

plant and then grown in vitro in agar nutrient media, after the growth different stress tolerant tests were 

performed to check how much endophytic bacteria from maize have tolerance resistance (salt stress, nessler 

reagent test and others) with the help of these tests we examine different shape, size and colored bacteria and 

also the stress level ranks from 50mM to 1650mM. 

CONCLUSION 

Changes to the environment drastically damage plants, resulting in low yield and growth. In plants with 

ecofriendly approaches, plant stress tolerance is correlated with the associated microbes. Whereas 

endophytes are beneficial over rhizosphere protected from stress conditions. However, it was concluded that 

endophytes are potential tools for the improvement of plant growth in term of high yield and exploring the 

diversity of endophytes in many stages of plants and their role in growth. endophytic bacteria associated with 

halophytic bacteria are capable to tolerate high salt stress conditions. 

 
    Fig. 4.1.1: Growth of endophytic bacteria under 50mM to 200 Nacl stress 
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Fig. 4.1.2: Growth of endophytic bacteria under 400mM to 1000mM NaCl stress 

 

 
     Fig. 4.1.3: Growth of endophytic bacteria at 2000mM Nacl stress 
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Fig. 4.2: Shows that the solution of colour was changed which shows positive results. 

 
 

Fig. 4.3: Formation of O2 bubbles which indicated positive catalyse activity. 
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