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This study examines the enhancement of broccoli growth by Bacillus Rhizosphere. 
Bacteria Broccoli is a nutrient-rich vegetable known for its high content of polyphenols, 
flavonoids, vitamins, minerals, fiber, and low calorie count, making it a recommended 
daily food. Tropical regions grow broccoli in mountainous areas. Sustainable 
agriculture emphasizes minimizing chemical fertilizers, and biofertilizers like Plant 
Growth Promoting Rhizobacteria (PGPR), such as Bacillus, can reduce their use. 
Bacillus improves plant growth by fixing nitrogen, solubilizing phosphate and 
potassium, and producing phytohormones. Understanding Bacillus growth dynamics is 
vital for optimizing its agricultural application. This study aimed to analyze growth 
curves of different Bacillus species and investigate their potential role in promoting 
broccoli growth. This study was carried out in January–April 2024 at the Soil Biology 
Laboratory, Faculty of Agriculture, Universitas Padjadjaran, and Bumi Agro 
Technology Company, Lembang. The research was divided into 3 stages: growth curve 
determination, Bacillus liquid inoculant preparation, and application of treatment to 
plants. The findings showed that isolates of B. safensis strain MDL5, B. altitudinis strain 
RPW2, B. subtilis strain YPS4, and Bacillus sp. strain SZ057 reached the highest point 
in their growth curves after 4 and 5 days of incubation. After that, the curves slowly 
went down. Inoculating Bacillus into broccoli plants resulted in an increase in plant 
height by 43.28–58.75% compared to the control.  
 

Contribution/Originality: The study adds to what is known about using biofertilizers on broccoli in tropical 

mountainous areas. It shows that adding Bacillus leads to a significant increase in productivity, which in turn leads 

to plants that are 43.28–58.75% trailer. This underscores Bacillus' potential in reducing chemical fertilizer use and 

promoting sustainable agriculture. 

 

1. INTRODUCTION 

Broccoli is a nutrient-rich vegetable widely cultivated for its health benefits and economic value [1]. In the 

past decade, broccoli consumption has increased significantly due to awareness of its high content of polyphenols, 

flavonoids, and fiber, as well as its low calorie count. Broccoli contains high levels of vitamins, antioxidants, and 

anticarcinogenic compounds; therefore, all food authorities worldwide recommend its daily consumption [2]. 

Mountainous areas in tropical regions grow broccoli. Fertilization effectively achieves high broccoli production. In 

sustainable agriculture, it is crucial to minimize the use of chemical fertilizers. Several studies report that the use of 

biofertilizer can reduce the dose of chemical fertilizer [3-5]. Biofertilizer can be Plant Growth Promoting 
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Rhizobacteria (PGPR) inoculant, which can increase plant growth. ne of the prominent PGPRs (Plant Growth 

Promoting Rhizobacteria) in agriculture is Bacillus. Bacillus lives in various plant rhizospheres, including food crops. 

The genus Bacillus, comprising a diverse group of Gram-positive, rod-shaped bacteria, has received significant 

attention in microbiological and agricultural research [6]. Bacillus as PGPR can boost plant growth through 

various mechanisms: nitrogen fixation, phosphate solubilization, potassium solubilization, phytohormone 

production, and as biocontrol agent [7]. Bacillus produces nitrogenase, which catalyzes the conversion of molecular 

dinitrogen (N2) to ammonia (NH3), allowing plant roots to absorb it. Additionally, Bacillus excretes five organic 

acids, namely acetic, gluconic, succinic, lactic, and propionic acids, that helps solubilize phosphate [8]. Bacillus 

species are renowned for their ability to form endospores. Bacillus form spores when conditions are unfavorable for 

growth. The spores are resistant to heat, cold, radiation, desiccation, and disinfectants [9]. A sporulating bacterium 

develops these spores inside its mother cell, which breaks apart and releases them into the environment. These 

spores are highly resistant to various environmental stressors and serve as a survival mechanism [10]. 

Bacillus is able to produce phytohormones such as auxin, cytokinin, gibberellin, and abscisic acid [11]. Auxin is 

a hormone that triggers tissue differentiation, cell elongation, and cell division in plants [12]. Gibberellin plays a 

role in root and shoot elongation, seed germination, flowering, and fruit pattern [13]. Cytokinins play an important 

role in physiological processes [14]. Abscisic acid plays a role in stomata closure, fruit delivery, and seed 

germination [15]. Understanding the characteristics and growth dynamics of Bacillus is crucial for optimizing their 

application in agricultural practices. Growth curve analysis helps in determining the optimal conditions for 

bacterial growth that are essential for maximizing their beneficial effects on plants. Biofertilizer inoculant 

production requires knowledge of the bacterial growth phases. Mostly bacterial inoculants are collected from the 

exponential phase, where the bacteria grows rapidly. In Indonesia, broccoli is high-economic-value vegetable crop 

that is consistently grown using chemical fertilizers. There has been limited research on the use of biofertilizers in 

high-economic-value vegetable crops in Indonesia. Thus, this study focuses on analyzing the growth curves of 

different Bacillus species and evaluating their essential role in promoting broccoli growth in a pot experiment. 

 

2. MATERIALS AND METHODS 

The experiment was carried out in January–April 2024 at the Soil Biology Laboratory, Faculty of Agriculture, 

Padjadjaran University, and CV. Bumi Agro Technology, Lembang District, West Bandung, West Java. The 

altitude of this tropical mountainous area was 1.200 m above sea level, and the average temperature during the 

experiment was 17–29 °C. 

The bacterial isolates used in this experiment consisted of Bacillus safensis strain MDL5, Bacillus altitudinis 

strain RPW2, Bacillus subtilis strain YPS4, and Bacillus sp. strain SZ057. The Soil Biology Laboratory at 

Padjadjaran University provided the four bacterial isloates. Figure 1 shows images of the Bacillus isolates used in 

the experiment. 
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Figure 1. Bacillus isolates used in the experiment. 

 

2.1. Growth Curve Determination 

This stage begins with refreshing the bacterial isolate onto Tryptic Soy Agar (TSA) slant agar media, 

incubating at 30 °C for 48 hours. To make a liquid culture, inoculate 0.5% starter into new Tryptic Soy Broth (TSB) 

media and incubate on a shaker. Bacterial liquid culture measured its population, Optical Density (OD), and pH for 

7 days, then a curve was made. Bacterial population in TSB media was counted using serial dilution plate method. 

 

2.2. Bacillus Liquid Inoculant Preparation 

To make the liquid inoculant for plants, prepare 600 mL of new TSB media for each isolate. Then 0.5% liquid 

culture was inoculated into new TSB medium and incubated on a shaker at 180 rpm for 72 hours.  

 

2.3. Experimental Design 

The experimental design was Randomized Block Design to test four types of Bacillus inoculant and one control 

treatment, including: 

A = Control (without Bacillus inoculation). 

B = Bacillus safensis strain MDL5. 

C = Bacillus altitudinis strain RPW2. 

D = Bacillus subtilis YPS4. 

E = Bacillus sp. strain SZ057. 

F = Konsorsium Bacillus. 

Each treatment was replicated 7 times. In control plants, a 100% dose of Nitrogen (N), Phosphate (P), dan 

Potassium (K) fertilizer was applied, while in plants treated with Bacillus incubation, 75% N, 75% P, and 100% K 

were applied. 

 

2.4. Experimental Setup 

The broccoli plants were grown in pots as shown in Figure 2. This experiment used planting media in the form 

of a mixture of soil and manure in a ratio of 2:1. Planting was carried out by transplanting 4 week-old broccoli 

seedlings. Bacterial inoculation treatment is given through soil application by spraying 25 mL of bacterial 

suspension onto the soil three days before planting and a week after planting, respectively. Broccoli was planted for 

up to 3 weeks. Plant height and number of leaves were measured once a week. Meanwhile, stem diameter was 

measured 3 weeks after planting. All plant growth data were analyzed using analysis of variance (p<0.05). If the 

treatments had a significant effect on the parameters, the Duncan Multiple Range Test was conducted. IBM SPSS 

Statistic software performed the analysis.  
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Figure 2. 3 weeks old broccoli in pot. 

 

3. RESULTS 

The four Bacillus isolates on TSB media were measured for growth curves, optical density at 600 nm, and media 

pH for 6 days. T indicates the bacterial culture’s incubation time. 

 

 
Figure 3. Bacillus growth curve at 0 – 6 days after incubation. 

 

Figure 3 shows that the growth curves of the four Bacillus bacterial isolates have almost the same curve 

pattern. The four bacterial isolates in the lag phase had a population of 105. Isolates of B. safensis MDL5 and 

Bacillus sp. SZ057 reached peak growth at T4, while B. altitudinis RPW2 and B. subtilis YPS4 reached peak growth 

at T5. 

 

 
Figure 4. Optical density of bacillus growth curve at 0 – 6 days after incubation. 



Current Research in Agricultural Sciences, 2024, 11(2): 56-63 

 

 
60 

© 2024 Conscientia Beam. All Rights Reserved. 

Figure 4 shows the optical density (OD) measurement of the bacterial growth curve. The OD value on the 

bacterial growth curve tends to increase over time. The curve experienced a drastic increase at T1 for the four 

bacterial isolates, then rose slowly thereafter. 

 

 
Figure 5. Bacillus pH curve at 0 – 6 days after incubation. 

 

Figure 5 depicts bacterial growth’s pH curve. At T0, the four bacterial isolates showed a neutral pH, caused by 

the pH of the TSB medium, which was also neutral (7.08). At T1, the pH decreased in four bacterial isolates. Then, 

at T2 onwards, the pH of the four bacterial isolates increased slowly. 

 

Table 1. Height of broccoli plant grown with bacillus inoculation at 1 – 3 weeks after planting (WAP). 

Treatment 
Plant height (cm) 

1 WAP 2 WAP 3 WAP 

A = Control 6.33 ± 1.53 7.37 ± 1.00 a 13.84 ± 5.65 

B = Bacillus safensis strain MDL5 7.71 ± 1.05 9.33 ± 2.08 ab 13.64 ± 3.84 

C = Bacillus altitudinis strain RPW2 7.81 ± 0.77 11.03 ± 3.67 b 13.99 ± 5.66 

D = Bacillus subtilis strain YPS4 7.79 ± 2.08 10.56 ± 2.75 b 15.73 ± 2.60 

E = Bacillus sp. strain SZ057 8.57 ± 1.78 9.57 ± 1.52 ab 14.79 ± 4.01 

F = Bacillus consortium 8.03 ± 1.50 11.70 ± 2.45 b 17.87 ± 5.30 

 

 

The results of analysis of variance showed that Bacillus inoculation had a significant effect on broccoli plant 

height at 2 WAP (Table 1). Bacillus inoculation was able to increase plant height by 43.28–58.75% compared to the 

control, as shown in the inoculation treatment of Bacillus altitudinis strain RPW2, Bacillus subtilis strain YPS4, and 

Bacillus consortium. 

 

Table 2. Number of leaves of broccoli plant grown with bacillus inoculation at 1 – 3 weeks after planting (WAP). 

Treatment 
Number of leaves 

1 WAP 2 WAP 3 WAP 

A = Control 3.29 ± 0.76 4.29 ± 0.49 5.57 ± 1.27 

B = Bacillus safensis strain MDL5 3.29 ± 0.49 4.14 ± 0.69 5.71 ± 1.11 

C = Bacillus altitudinis strain RPW2 3.43 ± 0.98 4.43 ± 0.53 5.86 ± 1.21 

D = Bacillus subtilis strain YPS4 3.14 ± 0.69 4.14 ± 0.38 6.29 ± 1.70 

E = Bacillus sp. strain SZ057 3.43 ± 0.53 4.43 ± 0.53 6.14 ± 1.46 

F = Bacillus consortium 3.71 ± 0.95 4.71 ± 0.76 6.57 ± 0.79 

 

Note: Numbers followed by the same letter are not significantly different according to Duncan's multiple range test at the 
5% significance level. 

Note: Numbers followed by the same letter are not significantly different according to Duncan's multiple range test at 
the 5% significance level. 
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Analysis of variance showed that Bacillus inoculation had no significant effect on the number of broccoli plant 

leaves (Table 2). At 1-3 weeks after planting, the number of leaves of plants inoculated with Bacillus was almost the 

same as control plants. 

 

  
Figure 6. Stem diameter of broccoli plant grown with bacillus inoculation at 3 weeks after planting. 

 

The results of analysis of variance showed that Bacillus inoculation had no significant effect on stem diameter at 

3 WAP (Figure 6). There was no difference in stem diameter between the Bacillus inoculation treatment and the 

control. 

 

4. DISCUSSION 

Bacterial growth curves describe the dynamics of bacterial populations in a specific environment condition. 

Bacterial growth curves usually consist of several phases that reflect changes in bacterial numbers over time. The 

bacterial growth curve is divided into four main phases, namely the lag phase, exponential phase, stationary phase, 

and death phase [16]. The Bacillus population in this experiment is known to continue to increase until the 

exponential phase, then experience constant growth (stationary phase), and slowly decrease towards the death 

phase. The culture medium directly influences the growth rate, which is slower in nutrient-poor conditions and 

faster in nutrient-rich environments [17]. 

Bacillus is able to influence the pH of the growth medium due to several factors: the initial pH and composition 

of the medium, the growth phase of bacteria, and the physiology and optimum pH of the bacterium [18]. In this 

experiment, the pH of the medium decreased at T1. This can be caused by metabolites produced by Bacillus, such as 

indole acetic acid and amino acids. Next, the pH of the medium increases slowly. This increase is thought to be 

related to the carbon source in the media. Bacteria that use citrate carbon sources have the potential to cause the 

alkalinization of the medium [18].  

Bacillus inoculation significantly increased plant height [19, 20] at 2 WAP. The ability of Bacillus to provide 

plants with nutrients like N and P can explain this increase. Nitrogen is a constituent component of various plant 

molecules such as amino acids, chlorophyll, nucleic acids, adenosine triphosphate (ATP), and phytohormones [21, 

22]. The nutrient P in plants is known to play an important role in cell elongation, cell differentiation, and cell wall 

thickening [23]. Aside from that, Bacillus also produces plant growth hormones. Cytokinins take part in a variety of 

plant growth processes, including photosynthesis, chloroplast differentiation, cell division, regulation of leaf 

senescence, nutrient metabolism, and increasing shoot growth [24, 25]. Gibberellin is a hormone that is important 

for organ elongation and expansion through cell growth [13]. On the other hand, the number of plant leaves and 
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stem diameter, which do not increase, are allegedly caused by the distribution of nutrients and photosynthate, which 

is not dominant there. 

 

5. CONCLUSION 

The experiments concluded that isolates of B. safensis strain MDL5, B. altitudinis strain RPW2, B. subtilis 

strain YPS4, and Bacillus sp. strain SZ057 reached the peak of the growth curve at T4 and T5, after which they 

slowly decreased. The pH of the medium increases slowly due to the use of carbon by the Bacillus. Bacillus 

inoculation into broccoli plants was able to increase plant height by 43.28–58.75% compared to the control because 

of its capacity to provide nutrients and produce phytohormones. Bacillus inoculation did not significantly increase 

the number of leaves or stem diameter.  
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