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Abstract 

With the increasing demands of food, the use of urea in agricultural sector is also increasing all over 

the world; creating various environmental hazards. By developing sustainable agricultural 

techniques, such as using biological nitrogen fixation by bacteria for plant benefits, can help minimize 

these effects. In this study, endophytic bacteria were isolated using nitrogen free media and their 

nitrogen fixing capability was analyzed using Nessler’s reagent method. The isolated strains were 

identified to confirm their taxonomic classification by 16srRNA. Three bacterial isolates exhibited 

highest ammonia concentration among eleven isolated nitrogen fixing bacteria. I-2 identified as 

Bacillus pumilus showed ammonia synthesis at 58.7 µg/ml.  55.3 µg/ml and 42.0 µg/ml ammonia 

concentration were recorded for I-3 (Bacillus safensis) and I-4 (Bacillus. Sp.), respectively. These 

results indicates the potential use of isolated strains for biological nitrogen fixation, thus contributing 

to eliminate the dependency on urea fertilizer. Further research need to focus on testing the effect of 

these strains in field experiments. 

Keywords: biological nitrogen fixation; ammonia; nitrogen free bromothymol blue; Nessler’s 

reagent; 16S ribosomal RNA 

 

1. Introduction 

According to the projections of United Nations the world’s population is expected to reach 9.8 

billion by 2050. As a result, the average food consumption is also expected to rise per person per day. 

To meet the increasing food demands, agricultural production needs to be increased by 60% over the 

next years; which as a result leads to overuse of chemical fertilizers. Chemical fertilizers undoubtedly 

increases the productivity of agriculture, but it also compromises soil health, decreases bacterial 

diversity in soil, agricultural sustainability and is a cause of increasing soil and groundwater 

pollution. The most widely used fertilizer around the world are nitrogen fertilizers, which are also 

highly susceptible to loss by the process of denitrification and leaching in the fields [1,2]. However, 

the increasing cost of chemical fertilizers during last decades, increase the interest in research of 

nitrogen fixing bacteria [3]. Asymbiotic nitrogen fixing bacteria are investigated among the most 

important organisms contributing towards the soil fertility. The positive effects on plant growth and 

plant yield using these microbes are reported in many studies [4]. These bacteria also increases 

nutrient uptake when inoculated to roots [5]. 

Biofertilizers comprises of microscopic living organisms. When applied to seeds, soil or plant 

surfaces, these microorganisms colonizes rhizosphere and plant interior thus promoting plant 

growth by different pathways [2,6]. This can reduce the use of chemical fertilizers. While considering 
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the sustainable agricultural methods and environmental protection, these microorganisms are 

reported to use as bio inoculants in order to minimize the use of chemical fertilizers [7–9]. Most of 

the nitrogen fixing microorganisms are present around roots, or in the plant tissues. They fix 

atmospheric nitrogen which contributes to plant nitrogen content [10]. 

Nitrogen fixing endophytic bacteria are able to provide organic nitrogen to plants by biological 

nitrogen fixation (BNF), which is a significant nitrogen input in agricultural sector and can be used 

as a promising substitute for chemical nitrogen fertilizers. These endophytes are known as 

endophytic diazotrophic bacteria [11]. BNF converts nitrogen in a form which can be used by living 

organisms for biosynthesis [12]. Based on the research in sugar cane and palm oil leaves, diazotrophic 

endophytes had the ability to increase dry weights of plant and its height when compared to non-

endophytic diazotrophic bacteria [9]. Endophytic bacteria colonizes plant tissues and do not showing 

any cytotoxic effect. However, they maintains a beneficial relation with their host plant by producing 

required enzymes, mobilization of nutrients and translocation of compounds, such as  nitrogen 

fixation, ammonia (NH3) production, and phosphate solubilization [13,14]. 

Based on the research in sugar cane and palm oil leaves, diazotrophic endophytes had the ability 

to increase dry weights of plant and its height when compared to non-endophytic diazotrophic 

bacteria [15,16]. However, for selecting isolates being effective in this process. The nitrogen fixing 

endophytes have to be first selected with preliminary tests.  The aim of this research is isolating the 

bacterial strains which are able to grow in nitrogen-free minimal growth medium from wheat plant. 

These strains can be used as nitrogen fixing biofertilizers. 16S rRNA sequencing of the selected strains 

with biotechnological potential has been used to identify genera of isolated endophytic diazotrophic 

bacteria. 

2. Materials and Methods 

2.1. Plant Sampling 

Wheat seed of industrial quality were used in this research. Wheat seeds were surface sterilized 

with sterile distilled water, 70% ethanol, 2.5% sodium hypochlorite followed by final rinsing with 

sterile distilled water. Seeds were sowed in plastic pots and plants were harvested after 5–6 weeks of 

growth. From each plant, the first few leaves from a tip of shoots were excised and washed with tap 

water.   

2.2. Isolation of bacterial endophytes 

Excised leaves were sterilized by soaking the tissues in sterile distilled water followed by 

dipping in 70% ethanol and 2.5% sodium hypochlorite.  Leaved were again soaked in 70% ethanol 

and a series of rinsing was performed in sterile distilled water. 0.1 mL from the final rinse solution 

was spread on sterile nutrient agar plates to check the sterilization of leaves.  

A segment of sterilized leaves was crushed in sterilized saline solution using pestle and mortar. 

1 ml from the suspension was serially diluted until 10-3. For the isolation of bacterial endophytes, 0.1 

mL aliquot from 10-3 dilution was spread onto petri plates containing nutrient agar medium. The 

plates were then incubated at 35◦C ± 2 for 24 to 48 hours [14,17–19]. Bacterial colonies were selected 

on the basis of their morphological characteristics. Individual colonies were sub-cultured on nutrient 

agar plates for further screening.  

2.3. Screening of Nitrogen Fixers  

Nitrogen fixing endophytes were qualitatively selected using Nitrogen free Bromothymol blue 

Medium. Isolates were inoculated in Nutrient Broth (NB) for 24 h at 35◦C ± 2. 1 ml from the bacterial 

cultures were then be introduced into Mannitol NfB semi solid medium and incubated for 3 to 7 days 

at 35◦C ± 2. The change of color in the medium and pellicle formation was observed and recorded 

[9,10,20]. After characteristic pellicle formation, a loop from the pellicle is inoculated onto the similar 

minimal solid medium. The pure isolates were then transferred to nutrient agar plates.   
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Nitrogen-free bromothymol blue mineral medium (NfB): The medium composition was as 

follows (g/L): mannitol 10, K2HPO4 0.75 g, MgSO4·7H2O 0.5 g, CaCO3 3.0 g, Na2MoO4·2H2O 0.02 

g. for semi-solid medium, a total of 1.6 to 1.80 g/l agar should be added. 15 g/l agar for the solid 

medium. Various ingredients were added in the provided sequence to avoid the precipitation of salts 

[10,20,21]. Working solution of Bromothymol blue was prepared in KOH (5 g/l in 0.2 M KOH) [20,22]. 

2.4. Quantitative Selection with Nessler’s Reagent 

The selected bacteria for nitrogen fixation ability were grown on NB media at 35◦C ± 2 for 24 

hours. The culture were centrifuged at 4000 rpm for about 10 minutes. In a test tube, 60 μl of Rochelle 

salt (Potassium sodium tartrate) and 60 μl of Nessler’s reagent was added to 2 ml of culture 

supernatant and incubated for 30 minutes. The solution exhibiting yellow color in the test tubes 

indicates the formation of ammonium ions (NH4 +). The formed NH4 + ions were calculated by the 

help spectrophotometer at a wavelength of 425 nm [9]. The absorbance of supernatant was then 

converted to μg/ml with reference to standardized ammonium sulphate (NH₄)₂SO₄ curve. 

2.5. Ammonia Production  

The selected nitrogen fixing strains were assessed to produce NH3 in 3% peptone water. 

Bacterial strains were inoculated in 5 ml of peptone water and incubated for 48 to 72 hours at 35◦C ± 

2. After incubation 1 ml of Nessler’s reagent was added to the test tubes. Any color change from faint 

yellow to deep yellow or brown indicates the production of ammonia [23,24]. 

2.6. Screening of Selected Nitrogen Fixing Strains for Enzymatic Activity 

Selected strains were screened for urease and amylase activity. Urease activity was determined 

by inoculating 5 ml of urease broth with 0.1 ml of bacterial cultures. The test tubes were incubated at 

30◦C for 24 to 48 hours. Color change from yellow to purple pink indicates urease activity. For 

amylase activity, isolates were inoculated on sterile starch agar plates and incubated at 30◦C for 5 

days. The plates were then flooded with Lugol’s iodine [24]. Clear zone formation around the 

bacterial growth indicates positive results. 

2.7. Molecular Identification of Bacterial Strains 

Bacterial identification was performed on the basis of 16S ribosomal RNA (16S rRNA) gene 

sequence analysis. Genomic DNA of selected isolates was extracted by the method described by 

Miller et al.[25] with few modifications. Briefly, isolated colonies from nutrient agar plate were 

selected with a sterilized loop and re-suspended in sterile deionized water. Cell suspension was 

incubated in a water bath for 10 minutes at 97°C. The resulted cell lysate was centrifuged at 15,000x 

g for 10 minutes. The DNA was then recovered from the supernatant. The concentration of extracted 

DNA was determined by its absorbance at the wavelength of 260 nm in a spectrophotometer. 

A partial fragment of 16S rDNA was amplified using the bacterial universal primers 27F 5’ (AGA 

GTT TGA TCM TGG CTC AG) 3’ and 1492R 5’ (TAC GGY TAC CTT GTT ACG ACT T) 3’ (The PCR 

reaction contained: 1 x PCR buffer, 0.5 mM MgCl2, 2.5 U Taq DNA polymerase (QIAGEN), 0.25 mM 

dNTP, 0.5 µM of each primer, and approximately 5 ng of bacterial genomic DNA. The 16S PCR 

cycling conditions were initial denaturation at 94 °C for 5 min, followed by 35 cycles of denaturing at  

94 °C for 30 sec, annealing at 52.7 °C for 35 sec, and extension at 72 °C for 2 min, following a final 

extension performed at 72 °C for 5 min.). 

For sequencing following primers were used 785F 5’ (GGA TTA GAT ACC CTG GTA)3’ and 

907R 5’ (CCG TCA ATT CMT TTR AGT TT) 3’. During sequence analysis the following software and 

data bank were applied. BioEdit, NCBI, BLAST (Basic Local Alignment Search Tool) and MEGAX 

software to find the Evolutionary relationship to other species based on Distance tree (Fast Minimum 

Evolution Method, Max Sequence difference 0.75) analysis.  
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2.8. Statistical Analysis 

The data were analyzed through one-way ANOVA using Statistix software (version 9.0). The 

significance between the means of different treatments was compared by least significant difference 

tests at the 95% confidence level. All the experiments were performed in triplicates to verify the 

accuracy and reproducibility of the results. 

3. Results 

3.1. Isolation of bacterial endophytes 

Eleven types of isolates were obtained from the sterile crushed wheat leave samples by the 

method of serial dilution based on the morphological characteristics of bacteria (Figure 1). These 

morphological properties of isolates selected for further investigation was shown in Table 1. 

 

Figure 1. Isolation of bacterial endophytes by serial dilution method. 

Table 1. Morphological properties of endophytic bacteria isolated from wheat leaves. 

3.2. Screening of nitrogen fixing endophytic bacteria 

Eleven bacterial isolates were inoculated in a semi-solid NfB medium (Figure 2). In this 

qualitative test, out of 11 endophytic bacteria, eight isolates forms pellicle on the surface of media. 

Three isolates showed the distinctive color change of the medium to yellow from blue (Figure. 2b). 

The pellicle formation and medium discoloration from a blue to yellow color was one of 

Isolate no. Colony morphology 

Form Elevation Margins Color 

I-1 Circular Pulvunate Entire White 

I-2 Circular Flat Entire White 

I-3 Round Flat Entire White 

I-4 Irregular Effused Wavy Off white 

I-5 Irregular Umbonate Wavy White 

I-6 Circular Convex Entire Yellow 

I-7 Irregular Convex Entire Off white         

I-8 Circular Effused Wavy White 

I-9 Irregular Umbonate Entire Off white 

I-10 Irregular Flat Entire Light yellow 

I-11 Round Pulvunate Wavy White 
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characteristics of non-symbiotic nitrogen-blocking (N) bacterial growth and their nitrogenase 

activity, Isolate 2 (I-2), isolate 3 (I-3) and isolate 4 (I-4) were selected for further investigation.  

  

(a) (b) 

 

 

(c) 

 

 

Figure 2. Screening of nitrogen fixing endophytes in semi-solid NfB medium. (a) Pellicle formation was only 

observed in I-6. (b)  Pellicle formation and discoloration of media by I-2, I-3 and I-4 was observed. (c)  Pellicle 

formation in I-8 and I-9. 

Bacteria that were able to grow on nitrogen-free culture media secreted organic acids which 

caused media discoloration. Moreover, the semi-solid medium allowed non-symbiotic nitrogen-

fixers to survive at low partial pressures of O2 which is favorable for the bacterium during nitrogen 

fixation. The isolates forming characteristic bacterial pellicles and discoloration in the vials were 

isolated and transferred to freshly prepared N-free solid medium (Figure 3). 
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Figure 3. Selected strains isolated on NfB solid medium. 

3.3. Quantitative analysis of nitrogen fixation capability with Nessler’s reagent 

All the eleven isolates were selected for quantitative analysis of nitrogen fixation capability. 

From the (NH₄)₂SO₄ standard curve, NH3 concentration in each sample was determined (table 2). 

Based on collected data, it is known that the highest level of nitrogen fixation was measured in I-2, I-

3 and I-4; also exhibiting distinctive color change in NfB semi-solid medium. In accordance with the 

qualitative tests indicating that these isolates had the ability to effectively fix nitrogen presented in 

Figure 4. Out of eleven, three isolates were selected for further investigation. 

Table 2. Nitrogen fixation capability of selected isolates (µg/ml). 

Isolate no. Ammonia Con. 

(µg/ml) 

Isolate no. Ammonia Con.  

(µg/ml) 

I-1 3 I-7 0 

I-2 58.7  I-8 14 

I-3 55.3  I-9 15 

I-4 42  I-10 4 

I-5 7 I-11 5.1 

I-6 10    

 

Figure 4. Ammonia conc. Estimated by different bacteria. 

3.3. Screening of selected nitrogen fixing strains for enzymatic activity 
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I-2, I-3 and I-4 were tested for the production of amylase and urease enzyme. I-2 and I-4 

produced clear zones when flooded with Lugol’s iodine. Whereas, I-3 did not show any clear zone 

formation, which suggest that I-3 was not producing amylase enzyme (Figure 5).  

                

 

                          

 

(a)         (b) 

 
        (c) 

Figure 5. Amylase test on starch agar medium a Clear zone formed by I-2, when flooded with Lugol’s iodine. b 

I-3 did not produce any clear zone. c Clear zone observed in I-4. 

All the isolates were negative for urease activity. There was no color change in urea broth to 

purple red, indicating no alkalization and urea hydrolysis (Figure 6).  
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Figure 6. Urease test in Urea broth. 

3.4. Molecular Identification of Bacterial Strains 

BLAST and phylogenetic tree analysis of given sequences revealed that all the three isolates have 

high similarity with various species of Bacillus. Gene sequence from I-2 demonstrated that it highly 

matches with B. pumilus and B. altitudinis (Figure 7). 

 

Figure 7. Phylogenetic tree analysis of I-2. 

BLAST analysis of I-3 represented that it has 96.5% similarity with Bacillus safensis. Moreover, 

related sequences of B. pumilus and Bacillus sp. within Firmicutes were also identified. The results 

suggested that the provided sequence of I-3 belonged to B. safensis or related species of Bacillus 

(Figure 8). 

 

Figure 8. Phylogenetic tree analysis of I-3. 

I-4 also exhibited nitrogenase activity when grown in semi-solid NfB medium. Its phylogentic 

tree analysis also represented that it has the high similarity to Bacillus sp. More likely related to B. 

spizizenii or B. subtilis (Figure 9). 
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Figure 9. Phylogenetic tree analysis of I-3. 

4. Discussion 

The research study is focused on isolating and identifying nitrogen fixing endophytes. The 

endophytic bacteria used in this study were isolated from wheat plant. The isolates were tested for 

their ability to serve as potential biofertilizers, thus minimizing the use of urea. Eleven endophytes 

were isolated from wheat plant samples. This demonstrates that the microorganism especially 

bacteria had known for association with plant rhizosphere as well as their internal tissues. The 

association of these microbes with plants suggests their potential role in improving plant growth. 

This can be done by facilitating the process of nitrogen fixation and producing other metabolites. 

After isolating endophytes, initial screening for nitrogen fixing bacteria is performed by growing 

these eleven isolates in nitrogen free medium. Their growth in this medium confirmed their ability 

to grow in nitrogen-deficient environment and their nitrogen-fixing capability. Here, semi-solid 

growth medium is used. The basic principle to use semi-solid medium is that it facilitates the bacteria 

to grow in a condition where the oxygen level is low. Nitrogenase enzymes is oxygen sensitive. So 

by keeping the media semi-solid the bacteria grown near the surface forming a thin pellicle thus 

providing their nitrogenase enzyme protection from denaturation. In the start of the lag phase a small 

number of bacteria starts to divide which as a result uses very small amount of oxygen. Later in this 

phase the bacteria migrates close to surface where they find enough O2 pressure. 

Further, the bacteria were quantitatively selected by using Nessler’s reagent method. This 

provided the ammonia producing capabilities of the selected isolates. The documented variations in 

amount of ammonia produced by the strains exhibited their diverse potential towards nitrogen 

fixation. This represented their genetic diversity, physiological variations, and environmental 

adaptability of bacterial species. Nessler’s reagent is a strong alkali, when it reacted with the ammonia 

present in the bacteria culture it formed a mercury amido-iodide which is a yellow colored product. 

On higher concentration of ammonia formed, this changes to a brown colored precipitation. The 

strains demonstrating more color change high were selected for further analysis. Peptone water 

contains nitrogen source in the form of peptone. Some microbes’ forms ammonia by ammonification 

and deamination of peptones releasing ammonium ions or ammonia. Also it do not have any 

carbohydrates in it, which eliminates the possibility of acid production and making ammonia 

detection easier.  

Screening of nitrogen fixing bacteria for amylase and urease activity was important to 

understand their importance in plant metabolism. The isolated bacterial strains were urease negative, 

which also supported their nitrogen fixing ability atmospheric nitrogen without utilizing urea. 

Previous studies also suggested that urease negative strains contributed to soil nitrogen enrichment, 

independent of urea hydrolysis. Such microbes likely depends on other atmospheric nitrogen sources 

for their metabolic activity, and ammonium secretion. Amylases enzyme degrades starch into small 

sugars. Strains that produced amylase, can effectively utilizes plant root exudates which leads to 
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enhanced nutrient availability in rhizosphere and plant-microbe interactions. Moreover, their 

amylase degrading ability make them more valuable for improved plant growth.   

Molecular identification using 16S rRNA sequencing method of the selected isolates confirmed 

their taxonomic classification. Their phylogenetic analysis exhibited that all the selected isolates had 

a relationship with bacillus species. Members of bacillus genus had been previously reported for their 

N2 fixing capability, as they can provide N2 to the host plants. The findings of the presented research 

work aligns with the previous studies reporting that the nitrogen-fixing endophytes are present in 

variety of plants, and can serve as biofertilizers. The identification of Bacillus sp. reinforces the 

potential application of these strains in sustainable agriculture. Not only by promoting plant growth 

but also reducing the dependency of chemical fertilizers. 

By harnessing their natural abilities, agricultural sector can apply eco-friendly agricultural 

procedures that reduces chemical inputs and their related harmful effects. Moreover, cost-effective 

techniques for nutrient management can also be achieved. Future research aspects, including pot 

plant and field study is required for the optimization of their uses as biofertilizers. Further studies 

should also focus on the formulations of microbial consortia to study their synergistic effects in order 

to boost nitrogen fixation and improved plant growth in different environmental conditions. The 

documented results of this research from plant sampling to bacterial isolation, screening of nitrogen 

fixers and their molecular identification provide valued insights into efficient and potential uses of 

these bacteria. 

5. Conclusions 

In this research study, nitrogen-fixing endophytic bacteria were successfully isolated on nitrogen 

free semi-solid and solid mannitol medium from wheat plant. Molecular identification of highest 

ammonia producing strains was performed which depicts that Bacillus pumilus and Bacillus safiensis 

can potentially be used as effective biofertilizers to minimize the effect of urea on environment. The 

quantitative screening method using Nessler’s reagent provided valued insights into the nitrogen-

fixing capabilities of the isolates. The findings of the conducted research suggested that wheat-

associated Bacillus species especially B. pumilus could serve as promising candidate in enhancing 

soil fertility thus minimizing the dependency on chemical nitrogen fertilizers. Further studies, 

including in-planta experiments and field experiments, are recommended to authenticate their 

efficiency in enhancing plant growth and improving sustainable agricultural practices. 
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