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ABSTRACT 

Endophytic bacteria are bacteria that live in plant tissue without destroying the host plant. The presence of 

endophytic bacteria in plant tissue can produce phytohormones to stimulate growth and increase plant resistance 

to disease. The purpose of this study is to identify endophytic bacteria from the root tissue of maize plants 

treated with water hyacinth biofertilizer and to calculate the number of bacterial populations. The research was 

conducted at the Experimental Garden and Laboratory of the Payakumbuh State Agricultural Polytechnic. The 

treatments of biofertilizer were carried out by immersing the seeds in biofertilizer 4% solution for 12 hours, then 

maize plants were treated with a biofertilizer in the planting hole, and the age of the plants was 14, 28, 42, 56 

days after planting. Observation parameters were carried out on endophytic bacteria of the maize plant and the 

number of bacterial populations. Identification of bacterial morphology based on colony shape, colony edges, 

colony elevation, surface, color, bacterial density, and gram staining. Bacterial species were identified using 

molecular analysis based on the 16S rRNA gene fragment. The identification results of maize root endophytic 

bacteria found 4 dominant bacterial with several bacterial populations species such as B. paramycoides 12,1 x 

107 CFU/ml, P. aeruginosa 4,3 x 107 CFU/ml, B. subtilis 9,4 x 107 CFU/ml, and B. licheniformis 5,95 x 106 

CFU/ml. 
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1. INTRODUCTION 

Most of the bacteria that act as biofertilizers are closely 

related to bacteria in plant roots and the rhizosphere. The 

colonization of bacteria that live in plant tissue without 

destroying the host plant is called endophytic bacteria. 

Endophytic bacteria are endosymbiotic microorganisms 

that fill the space between cell walls [1] and the xylem 

vessels of roots, stems, leaves of plants [2], and protect 

plants from pathogens that cause disease [3]. Some of the 

main activities of host plants are influenced by the 

presence of endophytic bacteria [4]. Endophytic bacteria 

are one of the sources of extracellular compounds in the 

form of enzymes (chitinase, protease, cellulose). Enzymes 

from endophytic bacteria are more beneficial and produce 

faster. According to [1,5] that endophytic bacteria provide 

several benefits for host plants such as plant growth-

promoting activity, modulation of plant metabolism, and 

phytohormones signaling. This bacterial activity is often 

used by researchers and industry as materials for making 

biofertilizer products, and the biotechnology industry to 

produce antibiotics [6]. 

The response varies by endophytic bacteria depend on 

the genotype and host environment, competition from 

endogenous microorganisms, a specificity of the host 

genotype, poor formation, and persistence. Ref. [7] stated 

that the application of minerals or organic fertilizers had a 

different effect on the composition of the microbial 

community and microbial biomass. Several previous 

research results stated that endophytic bacteria can 

influence plant growth directly or indirectly. The presence 

of endophytic species is highly dependent on plant factors 

and bacterial genotypes, biotic and abiotic environments 

[1]. Endophytic bacteria play a role in maintaining the 

physiological balance of plants and the agroecosystems. 

According to [8] endophytes affect plant growth through N 

fixation, phytohormone production, nutrient acquisition, 

and tolerance to abiotic and biotic stresses. 

The ability of bacteria to enter and develop in plant 

tissue makes endophytes unique, demonstrating 

multidimensional interactions within the host plant [4]. 

Endophytic bacteria can produce secondary metabolites 

that can affect plant growth and protect plants from 
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pathogens. This is the basis for the isolation and 

characterization of beneficial bacteria to be used in 

creating biological products for sustainable agriculture. 

Research on the effect of providing biofertilizers on the 

diversity of endophytic bacteria has been carried out. 

This study aims to identify and determine the 

population abundance of endophytic bacteria from the 

root tissue of maize plants treated with water hyacinth 

biofertilizers, and their potential as a plant growth 

promoter. 

2. MATERIALS AND METHODS 

2.1. Time and Research Place 

The research was carried out at the Experimental 

Garden and Laboratory of the Payakumbuh State 

Agricultural Polytechnic, Harau District, Limapuluh 

Kota Regency, West Sumatra, Indonesia from March to 

July 2020. 

2.2. Tools and Materials 

The tools used are Erlenmeyer, petri dish, mortar, 

test tube, PCR, and analytical scale. The materials are 

biofertilizer water hyacinth, Pioneer 32 maize seeds, 

roots of maize plants that have been treated with 

biofertilizer, 10% sodium hypochlorite, 70% alcohol, 

distilled water, Nutrient Agar, Pikovskaya agar, 

Safranin, and crystals violet.  

2.3. Research Procedures 

The cultivation was started with the corn seeds of 

Pioneer 32 varieties soaked in bacterial suspension with 

a density of 107 CFU/ml at room temperature ± 30 oC 

for 12 hours (seed treatment). Corn seeds were planted 

at a spacing of 70 x 25 cm. Biofertilizers were applied to 

the planting hole during planting and sprayed on to plant 

leaves (foliar treatment) at the ages of 14, 28, 42, and 56 

days after planting. Maize plants are maintained until 

the age of 110 days. At the age of 110 days, the plants 

were uprooted and part of the root fibers are taken to 

identify the endophytic bacteria found in the roots. 

2.4.  Endophytic Bacteria Identification 

Endophytic bacteria were isolated by cutting the 

roots of maize plants and washing them with running 

water until they were clean, then dried. The roots were 

weighed 1 g and sterilized sequentially by immersing in 

70% alcohol for 30 seconds, immersed in 2% sodium 

hypochlorite for 1 minute, immersed in 70% alcohol for 

30 seconds. The roots soaked in sterile water 3 times for 

1 minute each. The roots were crushed in a mortar and 

put into an Erlenmeyer, then added with distilled water 

up to 10 ml and stirred evenly (10-1 dilution). 

Furthermore, the dilution is carried out to 10-7. The 10-7 

solution was taken 0.1 ml and spread on Natrium agar 

and Pikovskaya agar media. See the development of 

bacteria on the third day. The growing bacteria were 

isolated and grown on the same media until pure 

bacterial isolates were obtained. 

Pure bacterial isolates were identified visually based 

on colony shape, colony edge, colony surface elevation, 

colony surface, color, colony density, and gram stain. 

The next stage of identification using a PCR tool. The 

PCR results were sequenced using the Sanger method to 

determine the DNA sequence and matched using the 

BLAST device. PCR amplification on 16S rRNA using 

Primer 27 F and Primer 1492 R [9]. The sequencing 

results were processed using the BioEdit program and in 

BLAST with genomic data that had been registered at 

NCBI to determine species based on molecular 

homology. 

2.5. Bacterial Population Calculations 

The bacterial population was calculated using the 

Total Plate Count (TPC) method. Bacterial samples are 

streaked and dissolved into a test tube containing 10 ml 

of sterile distilled water (10-1 dilution). Then a serial 

dilution to 10-4 was made. Each 10-1–10-4 dilution was 

taken as much as 200 µL and spread evenly into a petri 

dish containing NA medium. Petri dishes were 

incubated at 35o C for 2 x 24 hours. The population of 

bacteria growing on the surface of the media was 

calculated using a formula 

 

3. RESULT AND DISCUSSION 

The results of isolation endophytic bacteria 

originating from the roots of maize plants that have been 

given biological fertilizers obtained 9 bacterial isolates, 

but only 4 dominant bacteria were taken (total 

population > 106 CFU/ml). Several research results 

showed that the bacteria in the roots have more types 

and populations than those on the leaves and stems of 

plants. The opinion of [10] states that in rice plants, the 

population density of endophytic bacteria in roots and 

other underground tissues is higher than that of the 

leaves and stems of plants. The morphology of bacterial 

isolates based on colony shape, colony edge, colony 

elevation, surface, color, bacterial density, and gram 

staining is shown in Table 1 and bacterial isolates can be 

seen in Figure 1 below. 

Bacterial isolates (Aa, Ab, Ac, Ad) showed a round 

shape, entire until the undulate edge of the colony, 

elevation raised, smooth surface, cream color, and a 
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dense population of bacteria. The staining results of all 

Bacillus sp including gram-positive and Pseudomonas 

isolates were gram-negative. The results of the 16S 

rRNA sequence of endophytic bacterial species can be 

seen in Table 2. The role of each bacteria and its 

researchers can be seen in Table 3.

Table 1. Morphology of bacterial isolate  

Isolate code Colony shape Colony edge Colony elevation Surface Color Density Gram 

Aa round Undulate raised smooth cream solid + 

Ab round entire raised smooth cream solid - 

Ac round entire raised smooth cream solid + 

Ad round undulate raised smooth  cream solid + 

   Information: Aa = Root a, Ab = Root b, Ac = Root c, Ad = Root d 

  

 
Figure 1: Isolate bacteria 

 

     Table 2. The results of the 16S rRNA sequence of species of endophytic bacteria 

Isolate code Species of bacteria Strain Homology (%) 
Number of colonies 

(CFU/ml) 

Aa Bacillus paramycoides  MCCC 1A04098 99,57 12,1 x 107 

Ab Pseudomonas aeruginosa  ATCC 10145 99,92 4,3 x 107 

Ac Bacillus subtilis  HR-4 99,85 9,4 x 107 

Ad Bacillus licheniformis DSM 13 99,79 5,95 x 106 

     

Table 3. The role of bacterial species 

Bacterial species 
The role of bacteria and 

researchers 

Bacillus paramycoides  Amylose production [11], 

amylolytic production [12] 

Pseudomonas aeruginosa  N-fixing, P solvent, 

antagonistic bacteria, PGPR 

[13], enzyme amylase [11] 

Bacillus subtilis  N-fixing, P solvent, IAA 

production [14], 

antagonistic bacteria [15], 

antibiotic, bacteriocins [2], 

cytokinin production [16] 

Bacillus licheniformis Denitrification [17], 

enzyme APPM production 

[18], α-amylase production 

[19], protease production 

[20] 

 

All bacterial species in Table 2 are found in all 

maize roots that are treated with water hyacinth 

biofertilizer with different population densities. The 

roots of maize plants treated with biological organic 

fertilizers were dominated by Bacillus spp. followed by 

Pseudomonas sp. The type and population of bacteria 

are determined by the type of plant and the plant 

environment. The types of bacteria that are in plant root 

tissue depend on the synergy between bacteria, which 

means that bacteria are strong and can work together 

that live in the tissue. The application of biofertilizer is 

one of the environmental factors that affect the diversity 

of bacteria in maize. Bacteria can come from the leaf 

surface (foliar treatment),  from plant roots that come 

from the soil, both soil treatment and free bacteria in the 

soil. It is suspected that the bacteria that live in the root 

tissue of cultivated plants are influenced by the 

treatment of liquid organic fertilizer on the leaves, soil 

processing techniques, and the treatment of biofertilizers 
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applied to the soil. The abundance of microbial 

populations depends on soil type, age, and plant 

conditions. 

The biofertilizer of water hyacinth that given to 

maize plants contains the bacteria P. aeruginosa strain 

WCHPA075019 2.8 x 108 CFU/ml, B. subtilis subsp. 

subtilis strain 168 4.3 x 107 CFU/ml, and B. cereus 2.8 x 

107 CFU/ml. Bacteria were identified 6 weeks after 

making organic fertilizer. The application of organic 

fertilizers will increase the diversity of microbes and 

increase metabolic activity significantly [1]. 

Biofertilizers are applied to seeds or soil, which will 

reproduce and participate in the movement of nutrients, 

thereby increasing plant productivity [21]. 

Table 3 shows that each bacteria has its role. 

Bacillus paramycoides and Bacillus licheniformis can 

produce amylase and other enzymes. Pseudomonas 

aeruginosa and Bacillus subtilis act as N-binding 

bacteria, P solvent, and antagonistic bacteria. 

Researchers [22] stated that the features of several 

Bacillus spp species are that they live on plant roots 

without causing damage to the host plant, as well as 

being able to suppress plant diseases caused by 

pathogenic bacteria, systemic viruses, and spot fungi. 

The results of the 16S rRNA sequence homology of 

Aa bacterial isolate were similar to B. paramycoides 

strain MCCC 1A04098 with a homology level of 

99.57%. This isolate is the dominant bacteria in the 

endophyte of maize plants. These bacteria are known as 

amylolytic bacteria which can break down starch into 

glucose. The researcher [11] found B. paramycoides 

bacteria in mangrove sediments that can convert starch 

into glucose. Ref. [12] states that B. paramycoides can 

produce amylolytic enzymes and develop well in media 

that contain lots of carbohydrates with an acidity of pH 

5-9. The Researcher [23] found B. paramycoides in 

South China ocean sediments as a new strain of the B. 

cereus group. As well [24] to found B. paramycoides in 

the root network of maize plants in the Taram and 

Kandang Lamo areas in Limapuluh Kota Regency, West 

Sumatra. In B. paramycoides isolates were identified to 

show a halo zone around the bacterial colony, this 

indicates that these bacteria can dissolve phosphate. 

According to Ref. [25], B. paramycoides is a gram-

positive bacteria with the cell form of basil. 

P. aeruginosa (Ab isolate) is a bacterium with a 

negative gram stain (Table 1), capable of dissolving P, 

and acts as PGPR (Table 3). Ref. [13] stated that P. 

aeruginosa acts as PGPR with the synthesis mechanism 

of HCN, siderophore, and polar substance. Research by 

[26] shows bacteria from the Pseudomonas spp. can 

increase plant growth and development due to increased 

P nutrient uptake by plants and the contribution of 

growth stimulants GA3. Ref. [27] found that P. 

aeruginosa isolated from wheat plants has been shown 

to withstand biotic and abiotic stresses in cucumber 

plants through phenylpropanoid metabolism, antioxidant 

activity, and proline accumulation. The results of the 

research by [11] that P. aeruginosa is an amylolytic 

bacteria that has the potential to degrade starch into 

compounds that are simpler and relatively easy to 

dissolve in water. 

An isolate of bacteria Ac was similar to B. subtilis 

bacteria are antagonistic bacteria that live in water, air, 

soil, and rotting plant residues. Several species of 

Bacillus sp. have potential as biological agents [15]. 

The genus Bacillus has interesting physiological 

properties, where each species has different abilities, 

including 1) able to degrade organic compounds such 

as starch [11], 2) able to produce antibiotics [2], 3) play 

a role in nitrification and denitrification [17], 4) 

nitrogen-fixing, 5) chemoautotrophs, aerobic or 

facultatively anaerobic [23]. 

The results of previous research by [24] showed 

that B. licheniformis was found in endophytes of maize 

plants whose soil was contaminated with building lime 

waste in the village of Tanjung Pati, West Sumatra. 

According to [28] the consortium of B. licheniformis, 

B. subtilis, and B. cereus has been widely used by the 

commercial seed industry as a degradation agent in 

paint water waste treatment. B. licheniformis strain 

DSM 13 is closely related to B. subtilis [17]. This 

bacterium is used in the biotechnology industry to 

produce enzymes, antibiotics, and biochemistry. These 

bacteria generally live in soil, terms of these bacteria 

are in the plant endosphere because the bacteria have 

succeeded in colonizing the roots and entering the 

tissue. 

Reported [19] two strains of B. licheniformis 

bacteria that can produce α-amylase enzymes. This 

enzyme is stable at acidity pH 7-9 and temperature 

37oC. B. licheniformis can produce a destroying 

enzyme (APPM) which can break down the starch 

substrate in the cassava peel into liquid sugar [18]. In 

general, the genera Bacillus can grow and develop 

under aerobic conditions, however, B. licheniformis 

lives in facultative anaerobic conditions [17]. B. 

licheniformis is one of the bacteria found in the 

commercial seed in the process of biodegradation of 

paint wastewater treatment [23]. 

Bacterial species found in the root tissue of maize 

plants have similarities with bacterial species in 

biofertilizers with different strains such as P. 

aeruginosa strain WCHPA075019 on biofertilizer and  

P. aeruginosa strain ATCC 10145 on maize 

endophytes, B. subtilis subsp. subtilis strain 168 on 
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biofertilizer and Bacillus subtilis HR-4 on maize 

endophytes. Endophytic colonization refers to the 

entry, growth, and multiplication of endophytic 

populations within the host plant [8]. Other bacterial 

species B. paramycoides and B. licheniformis are 

thought to have originated from the rhizosphere around 

the maize plant. Maize plants will release exudates in 

the form of organic acids and amino acids, possibly this 

exudate is a nutrient for bacteria around the rhizosphere 

so that it can attract bacteria from the rhizosphere to 

enter the plant endophytes. Genera Bacillus and 

Pseudomonas are bacteria that are generally found in 

plant tissue [29]. 

Some of the characters of plant endophytic bacteria, 

namely producing growth-promoting hormones [30] 

which are often called Plant Growth Bacteria (PGB) 

with direct or indirect effect mechanisms. IAA is a 

phytohormone with auxin activity that regulates the 

development process of plant cells [29, 31]. The results 

of the research by [13] that the use of P. aeruginosa in 

jatropha plants can act as a biocontrol agent and 

synthesis of PGP compounds such as IAA, GA3, ACC 

deaminase, siderophore, and polar substance. According 

to [14] research inoculation of B. subtilis on wheat, faba, 

and helba plants in saline conditions can produce the 

best IAA and P solvents at pH 8. IAA produced by 

bacteria around the roots will enter the plant and 

stimulate root hair growth and increase nutrient uptake. 

Biofertilizer sprayed on the leaves will help bind free N 

from the air and enter the corn leaf tissue. Biofertilizers 

containing B. subtilis bacteria can bind N, this can be 

seen from the relatively high N nutrient content of maize 

plants (3,004–3,027%) [32]. 

Endophytic bacteria produce amylase, protease [20], 

cellulose enzymes [33], produce special metabolites or 

bioactive compounds biologically [34], phosphate 

solvent production, N2 fixation [30], anti-bacterial and 

anti-fungal activity [33]. Plant Growth Bacteria can 

support plant health by increasing soil fertility, nutrient 

availability, and absorption by plants [35]. Ref. [6] 

added that bacterial endosymbionts regulate plant needs 

for nitrogen as an important macronutrient, so that plant 

growth increases. The presence of endophytic bacteria in 

plant tissue can produce phytohormones to stimulate 

growth and increase plant resistance to disease 

Bacteria from the genera Bacillus spp. and 

Pseudomonas sp. has the potential to bind N nutrients, 

increase the solubility of P and K (biofertilizer), produce 

IAA compounds as a growth stimulant (biostimulant), 

and suppress pathogenic growth (biocontrol). Bacillus 

spp. and Pseudomonas sp. live in synergy and interact 

with other microorganisms. [29] emphasized that plant 

growth-promoting bacteria are bacteria that can increase 

plant growth and protect plants from disease through 

various mechanisms. Both genera Bacillus spp. and 

Pseudomonas sp. who are members of a consortium can 

produce IAA which increases the growth and production 

of maize plants [36]. 

4. CONCLUSION 

Endophytic bacteria in the roots of maize plants 

treated with water hyacinth biofertilizer were dominated 

by four dominant bacterial species, namely B. 

paramycoides 12.1 x 107 CFU/ml, P. aeruginosa 4.3 x 

107 CFU/ml, B. subtilis 9.4 x 107 CFU/ml, and B. 

licheniformis 5.95 x 106 CFU/ml. The presence of these 

endophytic bacteria can stimulate plant growth and 

increase resistance to diseases. 
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