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Abstract. Shallot is one of the important horticultural commodities in 

Indonesia. Besides having many benefits, the shallot is also the main 

ingredient in various traditional dishes in Indonesia. A significant increase 

in healthy shallot production is needed to meet the increasing demand every 

year. The aim of this study was to obtain the best strain of endophytic 

bacteria and inoculation time for increasing shallot vigour through in vitro. 

This study used a factorial completely randomized design with two factors, 

the type of bacteria and the time of inoculation which was divided into 3 

stages. The first stage consisted of three collections of bacteria (GO53, IB15, 

S12) with 12 and 24 hours of inoculation. The second stage consisted of two 

collections bacteria (GO53, IB15) with 4 and 6 hours of inoculation. The 

third stage consisted of one collection bacteria (GO53) and 4 bacterial strains 

isolated from shallot (T4(2), T5, T8(1), T8(2)) with 2 and 4 hours of 

inoculation. The results showed GO53 and T4(2) with 2 hours of inoculation 

were the best types of endophytic bacteria to increase vigour. The explants 

in this treatment survived the longest, had more shoots and leaves than the 

control, and induced root formation more quickly. 

1 Introduction 

Shallot is an agricultural commodity that is very important in Indonesia because it is widely 

consumed by the community as a seasoning and traditional medicine. The shallot 

productivity rate in Indonesia from 2018 to 2020 has increased by 312,007 tons, from 

1,503,438 tons to 1,815,445 tons [1]. The increase in shallot productivity figures still does 

not meet the needs of the community. According to [2], the projected consumption of shallots 

in Indonesia in 2017-2020 is expected to increase by 4.92% per year, but this figure could 

increase if population growth is more than the projected figure. 
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 The fulfillment of shallot needs in Indonesia is still insufficient because production is not 

optimal due to poor seed conditions, disease attacks, and environmental factors. Farmers in 

Indonesia still use traditional farming methods by using seeds from previous plantings 

repeatedly, so the quality is not optimal [3,4]. 

 Endophytic microbes are an alternative that can be used to increase plant vigor and 

control pests and diseases that are environmentally friendly [5]. The use of microbes in plants 

that are non-chemical will have a very good impact on the environment because they will not 

poison and harm. Endophytic microbes live symbiotically with the plant host in the host 

tissue. This causes endophytic bacteria to increase plant vigor by increasing nutrient 

acquisition capacity and root architecture, and increasing environmental stress tolerance [4]. 

Endophytic bacteria, namely Bacillus sp. can increase the vigor of rice plants because these 

bacteria produce indole-3 acetic acid (IAA) [6]. Endophytic bacteria Pseudomonas sp. and 

Bacillus sp. also succeeded in increasing plant viability and vigor in tomatoes because they 

produced IAA [7]. IAA is a natural plant growth regulator that is important for aspects of 

plant growth that regulate many physiological processes, such as cell division and 

differentiation and protein synthesis, thus supporting stem elongation by increasing cell size 

enlargement and division [8]. In addition, endophytic microbes can produce a biological 

agent that can combat plant diseases, so plants will directly avoid diseases caused by other 

microbes [9]. Endophytic bacteria from Wakatobi were able to inhibit the growth of 

Alternaria porri and Fusarium oxsysporum colonies, which cause purple spot and wilt disease 

in shallots, respectively [10].  

 Inoculation time is very influential in the application of microorganisms. The right 

information about inoculation time is needed in the application of bacteria to plants or testing 

the resistance of a plant to pathogens [11]. This is because inoculation time is closely related 

to the number of microorganisms that grow [12]. 

 The application of endophytic microbes in plants is currently done by soaking or 

watering into the planting media, but the application is often constrained by the environment 

such as rain, wind, heat, etc. [13]. One of the new methods that can be used to overcome 

these problems is tissue culture. In addition, using tissue culture techniques can also obtain 

plants that have the same characteristics as the original plant (parent) with tissues that remain 

young (actively dividing-meristematic) [14].  

 This study was conducted to obtain the best strain of endophytic bacteria and inoculation 

time that can increase the vigor of shallot plants. The results of this study are expected to 

increase knowledge about endophytic bacteria that can increase the vigor of shallot plants. In 

addition, this research is also expected to be a reference in increasing the vigor of shallot 

plants by applying endophytic bacteria in vitro. 

2 Materials and methods 

2.1 Material and equipment 

This study was conducted at cell and tissue biology laboratory, Indonesian Center for 

Agricultural Biotechnology and Genetic Resources Research and Development 

(ICABIOGRAD), West Java from January to December 2023. The main treatment materials 

were seven strains of endophytic bacteria. Bulb of shallot Bima variety was used as genetic 

material.  

The tools used in this research are a beaker glass, culture bottle, bunsen, petri dish, cutter, 

Erlenmeyer, measuring cup, hand sprayer, hot plate, Laminar air flow cabinet (LAFC), 

refrigerator, millimeter block, autoclave, oven, digital pH meter, tweezers, culture rack, tube 

rack, sieve, scalpel, spatula, test tube, and analytical balance. The plant material used is onion 
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bulbs onion bulbs of the Bima variety. Other materials used for the media were Murashige 

and Skoog basic media (MS), casein hydrolysate, gelzan, sugar, kinetin, and naphthalene 

acetic acid (NAA). The main ingredients treatment were seven strains of endophytic bacteria. 

Other supporting materials are agrept (bactericide), distilled water, 70% and 96% alcohol, 

aluminum foil, cefotaxime, dithane M-45 (fungicide), kanamycin, filter paper, kinetin, bleach 

solution (Clorox), plastic wrap and soap. 

This study used a factorial completely randomized design with two factors, the type of 

bacteria and the time of inoculation which was divided into 3 stages. The first stage consisted 

of three collections of bacteria (GO53, IB15, S12) with 12 and 24 hours of inoculation. The 

second stage consisted of two collections bacteria (GO53, IB15) with 4 and 6 hours of 

inoculation. The third stage consisted of one collection bacteria (GO53) and 4 bacterial 

strains isolated from shallot (T4(2), T5, T8(1), T8(2)) with 2 and 4 hours of inoculation. The 

first stage was an experiment on the application of endophytic bacteria from the existing 

collection at 12 and 24 hours. The second stage was an experiment on the application of 

endophytic bacteria from the collection that was declared to have potential after stage one 

with the inoculation time reduced to 4 and 6 hours. Stage three was the application of the 

most potent endophytic bacteria from stages one and two and the application of four 

endophytic bacteria isolated from shallot explants with inoculation times of 2 and 4 hours. 

The use of 12 and 24 hours in this research design refers to previous research on the 

application of endophytic bacteria in vitro on citrus shoots [15]. The next time (2, 4, 6 hours) 

is the time that will first be tried on inoculation of shallot explants in vitro. The basis for the 

use of this time is because shallots are seasonal herbaceous plants that contain more water, 

so it is known that if the plant is too long in a humid/watery environment it can cause 

vitrification due to excessive water absorption [16, 17]. 

2.2 Explant sterilization 

Explants in the form of shallot bulbs were sterilized using the technique reported by [18]. 

The bulbs were peeled off the outer skin and then washed thoroughly using running water 

and soap for 30 minutes. Furthermore, shallot bulbs were soaked in fungicide in the form of 

dithane M-45 and bactericide in the form of agrept 3g/L each for two hours, then rinsed with 

sterile water three times. The sterilization process is then continued in the Laminar air flow 

cabinet (LAFC). In the LAFC, the tubers were immersed in 96% alcohol for 3 minutes and 

then burned using a bunsen burner. After the fire was extinguished, the bulbs were soaked in 

30% clorox solution for 30 minutes. After soaking is complete, shallot bulbs are rinsed with 

sterile water 2 times. After that, the bulbs are peeled as much as 1-2 layers and soaked in 

20% clorox solution for 30 minutes. After 30 minutes, the shallot bulbs were again rinsed 

with sterile water 2 times and 1-2 layers of bulb peeling were carried out accompanied by 

cutting the top of the bulb until a white layer was obtained. After that, the explants were 

soaked in 10% clorox for 15 minutes. After 15 minutes, the shallot bulbs were rinsed with 

sterile water 2 times. Explants containing basal plates or discs were then soaked in 5% clorox 

for 10 minutes before planting into the media. 

2.3 Endophytic bacterial inoculation 

Sterile explant cultured on MS + Kinetin 2 mg/L + NAA 2 mg/L media + casein hydrolysate 

0.5 mg/L, then transferred to inoculation treatment media in the form of MS liquid media + 

Kinetin 2 mg/L + NAA 2 mg/L + casein hydrolysate 0.5 mg/L with the addition of bacteria 

1:1. Each test tube contains 1 explant with 6 repetitions for each type of bacteria so that from 

each type of bacteria each obtained 42 individuals. Explants were then inoculated for 2, 4, 6, 
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12, and 24 hours in a room with a temperature of 23-25oC and irradiation using a lamp every 

16 hours/day. 

2.4 Subculture of Explants 

Explants that have been inoculated with bacteria are then rinsed using antibiotics. Rinsing 

was done twice with antibiotics in the form of a mixture of cefotaxime and kanamycin at 400 

ppm and then rinsed with distilled water once. After the explants are clean from bacteria the 

explants are dried with filter paper. Dry explants were then cultured on MS + Kinetin 2 mg/L 

+ NAA 2 mg/L + casein hydrolysate 0.5 mg/L culture media in a room with a temperature of 

23-25oC and illumination using lights every 16 hours/day. 

2.5 Observation 

There were four types of parameters observed in this study, namely explant death, number of 

shoots, leaves, and roots. Observation of explant death was carried out every day and was 

stopped when there was 100% death in one group of explants that had been soaked in 

bacterial isolates. The number of shoots was observed starting from the 1st day after planting 

until there was 100% death in one group of explants.  Several leaves were observed starting 

from the 1st day after planting until there was 100% death in one of the groups of explants 

that had been soaked in bacterial isolates. The leaves that were counted were leaves that have 

a cylindrical shape and are green in color. The number of roots was observed starting from 

day 1 after planting until there was 100% death in one group of explants that had been soaked 

in bacterial isolates. The roots that were counted were round-tipped roots with a white-brown 

color. 

2.6  Data analysis 

The observation results were then processed using the SAS 9.0 program. If the results had a 

significant effect, then continue with the Duncan Multiple Range Test at the 95% level (α = 

0.05). 

3 Results and discussion 

3.1 Number of shoots 

Stage 1 of the experiment, namely for three types of endophytic bacteria collection (IB15, 

GO53, S12) with a time of 12 and 24 hours, it was found that a significant effect on the third 

day for the interaction of inoculation time and type of bacteria on the number of shoots. This 

indicates that there was an interaction between plant tissue and endophytic bacteria in the 

first experiment. 

Table. 1. Average number of shoots at the interaction of bacterial species and inoculation time stage 1 

(12 and 24 hours). 

Application Day after planting (DAP) 

1 2 3 

A1B0 1.167     a    0.83  a 0.67  a 
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A2B0       1     a         1  a       1  a 

A3B0 1.167     a    0.67  a        0  b 

A4B0 1.167     a 1.167  a 1.167  a 

A1B1 1.167     a        1  a   0.83  a 

A2B1        1     a        1  a       1  a 

A3B1 1.167     a        1  a   0.83  a 

A4B1        1     a        1  a        1   a 

Notes: Mean values followed by the same letter in the same column are not different in the Duncan 

Multiple Range Test (DMRT) at a significant level of 5%. DAP = days after planting; A1 = IB15; A2 

= GO53; A3 = S12; A4 = Control; B0 = 24 hours; B1 = 12 hours. 

 In Table 1, bacteria S12 (A3) gave a negative response characterized by a short explant 

life only until the third day for an inoculation time of 24 hours and the fifth day for an 

inoculation time of 12 hours. This caused the S12 (A3) bacteria to be eliminated and not used 

in stage 2. Bacteria S12 (A3) is one of the strains from the Bacillus spp. collection of bacteria. 

Bacillus sp. is a commonly used bacterium for endophytic bacterial applications on several 

plants due to its ability to produce indole-3 acetic acid (IAA) [8]. Even though Bacillus spp. 

has many advantages when applied to other plants when applied to shallot explants, Bacillus 

spp. bacteria gave a negative response with bacterial overgrowth on the explant media. This 

indicates that the Bacillus bacteria used in this study did not form a symbiosis with the explant 

roots. The non-formation of symbiosis can occur because the Bacillus bacteria used are only 

symbiotic on certain plants but not for shallot plants. The application of Bacillus endophytic 

bacteria successfully suppressed bacterial leaf blight (HDB) in shallot plants with strains 

isolated from shallot plants [19]. Based on this, it can be seen that shallot explants can 

symbiotic with Bacillus bacteria if they come from shallot plant hosts as well. This indicates 

that shallot plants are specific with several types of Bacillus bacteria to be symbiotic, so that 

Bacillus spp. used cannot enter the shallot explant tissue because the bacterial strain is not 

isolated from the shallot plant. 

 Stage 2, namely for two types of endophytic bacteria collection (IB15 and GO53) with 4 

and 6 hours, it is known to have a real effect on the number of shoots only at the time of 

inoculation. Based on data analysis, inoculation time is significantly different in the number 

of shoots on the fourth day for 6 hours. Inoculation time is important because it requires the 

right duration so it becomes one of the factors that determine the success of inoculation [11]. 

This is because the number of microorganism cells in the media is influenced by time, time 

is related to the rate of multiplication of microorganisms [12]. So, the longer the 

microorganisms are left in a medium, the more the number of bacteria in the medium will be. 

The number of microorganisms whose inoculation time is optimum, not too long or short, 

will produce an optimum product [12]. With the decrease in the number of shoots at the 

inoculation time of 6 hours, it is known that 6 hours is not a suitable time for inoculation of 

the parameter of the number of shoots when compared to the time of 4 hours. 

 Based on the results of stages 1 and 2, it is known that shallot plants can only interact 

with endophytic bacteria isolated from shallot plants. This led to the addition of new types of 

endophytic bacteria in the third stage isolated from shallot plants. The bacteria used were 

isolated from the same host as the explant material used in this study, shallots of the bima. 
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 Stage 3, which is for 1 type of bacteria collection (GO53) and 4 types of bacteria (T4(2), 

T5, T8(1), T8(2)) isolated from shallots with inoculation time for 2 and 4 hours, it is known 

to have an effect only on the type of bacteria on the number of shoots. Bacteria GO53 and 

T4(2) gave a positive response at inoculation times of 2 hours and 4 hours respectively with 

the number of shoots still present until the last day of observation. GO53 bacteria gave a 

positive response for inoculation time of 2 hours which was characterized by an increase in 

the number of shoots faster than the control on the sixth day and the highest number of living 

explants. T4(2) bacteria gave a positive response to the inoculation time of 4 hours with an 

increase in the number of shoots that exceeded the control. GO53 bacteria is one of the strains 

from the collection of endophytic bacteria Micrococcus endophyticus. Micrococcus 

endophyticus can produce IAA-like compounds and can fix free nitrogen. The application of 

Micrococcus endophyticus bacteria on potato plants can increase plant height and the number 

of shoots [20]. It is also proven that the application of Micrococcus endophyticus in this study 

can increase the number of shoots on shallots and accelerate the formation of shoots on the 

sixth day if the inoculation time used is appropriate, namely 2 hours. 

3.2 Number of leaves 

Stage 1 of the experiment, namely for three types of endophytic bacteria collection (IB15, 

GO53, S12) with a time of 12 and 24 hours is known to have a real effect on the interaction 

of time and type of bacteria on the number of leaves. GO53 bacteria gave the best response 

to the number of leaves for both inoculation times (12 and 24 hours) with a stable average 

number until the third day. The S12 bacteria gave the worst response by a decrease in the 

number of leaves and eventually died. Bacteria S12 gave a negative response characterized 

by a short explant life only until the third day for inoculation time for 24 hours and the fifth 

day for inoculation time for 12 hours. fifth day for inoculation time of 12 hours. This caused 

the bacteria S12 to be eliminated and not used again in stage 2. Bacteria S12 (Bacillus spp.) 

are capable of producing indole-3 acetic acid (IAA) which can increase plant growth. 

However, the response of this bacterial application to the number of leaves is the same as in 

shoots, which gives a negative response. With the occurrence of a negative response that is 

also given to the number of leaves, it is clear that the bacteria collection S12 is not a type of 

endophytic bacteria of Bacillus that can be symbiotic with shallots. 

Stage 2, which is for two types of endophytic bacteria collection (IB15 and GO53) with 

a time of 4 and 6 hours is known to have an effect on the number of leaves on the type of 

bacteria. Bacteria GO53 gave the best response to the number of leaves with an increase in 

the number of leaves that exceeded the control. IB15 bacteria gave a negative response with 

the continuous decrease in the number of leaves and dying earlier than GO53. IB15 bacteria 

is one of one of the strains from the collection of Bacillus sp. bacteria isolated from potato 

plants. As already mentioned earlier, Bacillus sp. bacteria are very commonly used as 

endophytic bacteria because they can produce indole-3 acetic acid (IAA) which can increase 

plant growth [11, 8]. However, the application of IB15, which is a bacterium of Bacillus sp. 

from potato plants gave a negative response to the number of leaves of shallot plants. This 

further confirms that Bacillus sp. bacteria applied to shallot cannot be isolated from other 

plants besides shallot plants. 

Based on the results of stages 1 and 2, it is known that shallot plants can only interact 

with endophytic bacteria isolated from shallot plants. This led to the addition of new types of 

endophytic bacteria in the third stage isolated from shallot plants. The bacteria used were 

isolated from the same host as the explant material used in this study, shallots of the bima. 
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Fig. 1. Number of leaves at 2 hours inoculation time of stage 3 

 

 

Fig. 2. Number of leaves at 4 hours inoculation time of stage 3

 Stage 3, namely for 1 type of bacterial collection (GO53) and 4 types of bacteria (T4(2), 

T5, T8(1), T8(2)) isolated from shallots, it is known that with a time of 2 and 4 hours, it is 

known to have a significant effect on the type of bacteria and inoculation time on the number 

of leaves. The types of bacteria that give a positive response at inoculation times of 2 and 4 

hours are GO53 and T4(2) bacteria which are characterized by a greater number of leaves 

compared to the control (figure 1 and figure 2). GO53 bacteria gave a positive response for 

inoculation time of 2 hours which was characterized by an increase in the number of shoots 

faster than the control on the third day and the number of explants that lived until the end of 

the study was the most. GO53 bacteria are Micrococcus endophyticus bacteria that increase 

the number of leaves due to the ability of these bacteria to produce IAA-like compounds and 

can fix free nitrogen [20]. IAA is one type of auxin that is identified as an active auxin in 

plants produced in active meristematic tissues [21, 22]. Auxin in the meristem tissue spurs 

cell elongation and division, causing an increase in the number of leaves. The persimmon 

plants the addition of auxin group IAA gives the best response to the increase in the number 
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of leaves [23]. The nitrogen fixation ability of these bacteria also affects the increase in the 

number of leaves. This is because nitrogen, which is a macro element for plants, plays a very 

important role in vegetative growth so that it can supply nutrients for the increase in plant 

height, number of leaves, and stem diameter growth [24]. 

3.3 Number of roots 

Stage 1, which is for three types of endophytic bacteria collection (IB15, GO53, S12) with a 

time of 12 and 24 hours. In this treatment, the three types of bacteria gave a negative response 

to the number of roots. This can be seen by none of root increase until the last day in each 

treatment, while in the control there is an increase in the number of roots on the second day. 

IB15 (Bacillus spp.), GO53 (Micrococcus endophyticus), and S12 (Bacillus sp.) are 

endophytic bacteria capable of producing IAA. IAA which is an auxin if given at the 

appropriate concentration can induce root formation in plants [21]. However, in this 

treatment, all three gave a negative response. The negative response given is thought to be 

caused by the amount of IAA that is too much so it inhibits root growth. Giving excessive 

concentrations of auxin in the media will cause inhibition of explant growth due to disruption 

of the process of division, enlargement, and elongation of plant cells so that plants do not 

grow well [25, 26]. This is because the addition of exogenous auxin will increase the 

concentration of endogenous auxin in plant cells and tissues, thus inhibiting cell elongation 

and division in the cambium tissue which causes root formation to be disrupted [27, 11]. 

However, if the addition of auxin is accompanied by cytokinin at the appropriate 

concentration, it will cause cytokinin to suppress auxin to form roots to spur the process of 

growing and developing tissues faster because of the synergy between the two 

phytohormones in the elongation and increase in the number of shoots and leaves [28, 29, 

30]. The function of cytokinins is to induce cell division in meristematic tissues, organ 

formation, adventitious bud differentiation, apical dominance, and leaf expansion and 

increase the mobility rate of elements in plants [25, 26]. 

Stage 2, which is for two types of endophytic bacteria collection (IB15 and GO53) with 

4 and 6 hours, it is known that there is no interaction between the type of bacteria and 

inoculation time on the number of roots.  The coefficient of variation (CV) for the number of 

roots is quite diverse. The factors that affect the CV value in a study include the heterogeneity 

of tools, materials, and equipment. In this study, the explants used were not obtained 

(sterilized) on the same day. The wider the treatment interval used, the CV value will be 

greater, and vice versa [20]. In addition, measurement of observation variables carried out 

from outside the culture bottle can also be the cause of the high CV value in this study. When 

viewed from the number of roots there is an increase in the number of roots from the 

application of IB15, but the explants from the treatment cannot survive until the end of 

observation. This explant death occurred because the explants appeared to be vitrified. This 

can be seen from the explants whose leaves become withered, weak, and small. The cause of 

vitrification in vitro applications can be caused by the concentration of agar or cytokinin or 

the water application because it is related to the water potential in plant tissue [31].  
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Fig. 3. Number of roots at 2 hours inoculation 

time of stage 3 

Fig. 4. Number of roots at 4 hours inoculation 

time of stage 3

 Stage 3, for 1 type of bacteria collection (GO53) and 4 types of bacteria (T4(2), T5, 

T8(1), T8(2)) isolated from shallots with inoculation times of 2 and 4 hours were found to 

have a significant effect on the number of bacteria isolated from shallots. The types of 

bacteria that gave a positive response at both inoculation times were the bacteria GO53 and 

T4(2) which is characterized by an increase in the number of roots faster than the control 

(fig.3 and fig.4). Bacteria GO53 gave a positive response for inoculation time of 2 hours 

which was characterized by the increase in the number of roots faster than the control on the 

fifth day and the number of explants that explants were the most alive. GO53 bacteria are 

Micrococcus endophyticus bacteria, which are endophytic bacteria capable of producing 

IAA. The application of Micrococcus endophyticus bacteria on tobacco plants can increase 

the length of root, shoot, and dry weight [32]. IAA is one type of natural auxin. Auxin has a 

function to induce the formation of roots, and callus by spurring cell elongation and division 

in the cambium tissue at the point of shoot growth. [26, 29]. Because of its function, auxin 

produced by Micrococcus endophyticus can induce root formation in shallots.  

4 Conclusion 

Based on the data obtained in this study, the application of endophytic bacteria in vitro with 

different inoculation times is known to increase the vigor of shallot plants. The most effective 

endophytic bacteria to increase the vigor of shallot plants are GO53 (Micrococcus 

endophyticus) and T4(2), characterized by an increase in the number of shoots, leaves, and 

roots. The best inoculation time to increase the vigor of shallot plants is 2 hours, with two 

types of endophytic bacteria that can survive 20 daps, GO53 (Micrococcus endophyticus) 

and T4(2). There is an interaction between inoculation time and the type of endophytic 

bacteria used in stage 1 treatment for 3 types of bacteria collection with inoculation time for 

12 and 24 hours for the parameters of the number of shoots, and leaves.  
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