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Abstract. The demand for corn is increasing every year; therefore, increasing the
productivity of corn is crucial. Plant growth-promoting bacteria (PGPB) are mi-
crobes that can promote plant growth from the beginning of the germination pro-
cess. The germination process is the initial point of plant growth and develop-
ment, and this process can increase crop productivity. This research aimed to
determine the effect of PGPB application and determine the consortium of PGPB
that is effective in increasing the viability and vigor of sweet corn and popcorn
seeds. This research adopted the bio-priming technique, whereby the corn seeds
were soaked in a PGPB suspension. The popcorn and sweet corn seeds were ger-
minated using planting media for 14 days. The parameters of vigor index (VI),
germination potency (GP), maximum growth potential (MGP), growth speed,
wet weight of normal sprouts, dry weight of normal sprouts, plant height, and
plant root length were observed. The results showed that that bio-priming treat-
ment did not statistically affect the parameters of viability, vigor, and plant
growth. Bio-priming treatment with Brevibacillus sp. led to higher values of vi-
ability and vigor parameters. The growth parameters of popcorn seeds were
higher than those of sweet corn seeds.
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1 Introduction
The demand for corn increases every year. According to data from the Ministry of Ag-
riculture of indonesia, corn production reached 25.18 million tons in 2022. Actions that
support increased corn productivity are necessary to achieve Indonesia’s goal of corn
self-sufficiency. Land availability and the readiness and ability of seeds to germinate
are crucial for high corn productivity. The germination process is critical for producing
good-quality corn and high productivity. Therefore, improving and meeting the nutrient
requirements for germination are essential.

Plant Growth-Promoting Bacteria (PGPB) interacts mutually and beneficially with
plants. PGPB can supply nutrients to plants via phosphate solubilization, nitrogen fix-

ation, and IAA hormone production. PGPB bacteria can then obtain nutrients from plant
metabolism. PGPB act as natural biostimulants and bioprotectants for plants.
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Plants go through growth and development phases, which require nutrients for sup-
port. As agents of stimulation and biological control, PGPB bacteria can assist plants
in meeting their nutrient needs, thus improving plant growth viability (Ningrum et al.
2017). However, their application as plant biostimulation and bioprotection agents has
not been widely adopted. PGPB have significant potential as natural fertilizers owing
to their environmentally friendly properties, particularly in enhancing the viability and
vigor of plants and seeds. In a study by Megasari (2022), PGPB enhanced the viabil-
ity and vigor of Inpari 32 rice seeds. Sutariati (2014) demonstrated that PGPB in-
creased the viability and vigor of local upland rice seeds. Moreover, Juanda (2020)
showed that PGPB could enhance the viability and vigor of chili seeds. Therefore, this
research aims to determine the effectiveness of applying PGPB treatments with two
corn varieties in enhancing the viability and to find out the effect of the PGPB
consortium on the viability and vigor of sweet corn and popcorn seeds.

2 Materials and Method

This study was conducted at the Microbiology Laboratory and Botanical Garden of
the Sumatera Institute of Technology. It aimed to investigate the effects of a consorti-
um of Plant Growth-Promoting Bacteria (PGPB) on seed germination and growth. It
employed a completely randomized design with two factors: bio-priming treatments
with four variations and two different corn varieties, each replicated three times. The
tested bacteria include Brevibacillus sp., Paenibacillus lautus, Alkalihalobacillus,
Bacillus altitudinis, Bacillus licheniformis, Bacillus siralis, Bacillus pumilus, Isolate
P1, and Isolate H. The research procedure comprised the following steps: bacteria
culturing, bacterial antagonism test, seed germination and bio-priming preparation,
bio-priming treatment, germination, germination character analysis, and data analysis.

2.1  The Antagonism Test

The antagonism test on bacteria was conducted to determine the potential antagonis-
tic interactions among the bacteria using the well diffusion method on the tripticsoy
agar (TSA) medium. The bacteria to be tested were first inoculated onto the TSA
medium by taking a few loops from the bacterial inoculum. Subsequently, the surface
of the TSA medi-um was punctured with a sterile pipette tip to create wells. Bacterial
challenge suspen-sions were prepared by inoculating a single loop of bacteria into
liquid tripticsoy broth (TSB) with a concentration of 10® colony-forming units per
milliliter (CFU/mL). The surface of the TSA medium was perforated with a sterile
microtip, after which several test bacte-rial suspensions, approximately 40 pL each,
were introduced into the wells. The plates were then incubated at 37°C for 24 hours.
The appearance of clear zones indicated the presence of antagonistic interactions
among the bacteria.
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2.2 Preparation of PGPB Bio-Priming Bacterial Suspension

The bacterial suspension of PGPB for bio-priming, which was grouped into a
consortium for the antagonism test, was inoculated onto the TSA medium. The
bacterial colonies were individually taken in quantities of five loops and placed into 5
mL of sterile Aquades in duran bottles. The suspension was then homogenized by
shaking. The turbidity of the bacterial suspension was compared to the McFarland 0.5
standard to determine the required colony count, which is approximately 1.5 x 108.

2.3  Bio-Priming Technique for Corn Seeds with PGPB

The treatment of sweet corn seeds using PGPB is carried out by soaking both sweet
corn and popcorn seeds in a bacterial consortium inoculum suspension that has been
adjusted with the McFarland 0.5 standard. The corn seeds are soaked in a 250 ml
bacterial consortium suspension for an hour for each treatment (Kurnia et al., 2016).

24 The observation parameters

The observation parameters in the viability and vigor test consist of the following:
Germination potency (GP), vigor index (VI), maximum growth potential (MGP),
growth speeds, wet weight of normal seedlings, dry weight of normal seedlings, plant
height, root length. (ISTA, 2010).

Vigor index (%) = ZRMALSPIOUE 9 604, (1)

X seed used

X normal sprouts 7 (dap)+ X normal sprouts 14 (DAP)

Germination potency = x100% (2)

X seed used

MGP (%) = X growing se;dsseizol‘:;‘rzzHabnormal) X 100% 3)
tn N
Growth speed (% NS / etmal ) = Z - 4
0

3 Results and Discussion

3.1 PGPB Antagonism Activity

The antagonism test indicate of antagonistic and synergistic interactions. Bacillus
siralis exhibits an antagonistic interaction with Paenibacillus lautus, as evidenced by
the formation of clear zones. Bacteria with the code Isolate P determine antagonistic
interactions with Bacillus pumilus, Brevibacillus sp., and Paenibacillus lautus.
Brevibacillus sp. displays antagonistic interactions with most of the tested bacteria.
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Table 1. Plant growth-promoting bacteria antagonism activity.

Isolate Name (Bp) (Br) (PI) (Ba) (Ab) (Bs) (B) (Ip) (Ih)

(Bp) - 0 X X X X X X X
(Br) 0 - 0 0 0 0 0 0 0
(P1) X 0 - X X 0 X X X
(Ba) X X X - X X 0 X X
(Ab) X 0 X X - X X X X
(Bs) X 0 X X X - X X X
(BI) X X X X X X - X X
(Ip) 0 0 0 X X X X - X
(Ih) X o X X X X X X -

x = No antagonism interaction; o = Antagonism interaction; Ba = Bacillus altitudinis;
Bl = Bacillus licheniformis; Bs = Bacillus siralis; Pl = Paenibacillus lautus; Th = Iso-
lat H; Ip = Isolat P; Br = Brevibacillus sp.; Ab = Alkalihalobacillus; Bp = Bacillus
pumilus

Based on the antagonisme interaction, bacteria with synergistic (non-antagonistic)
interactions can be grouped into consortia. This includes Consortium 2 (consisting of
Bacillus siralis and Isolate P) and Consortium 6 (comprising Bacillus altitudinis,
Bacillus licheniformis, Paenibacillus lautus, lIsolate H, Alkalihalobacillus, and
Bacillus pumilus). However, Brevibacillus sp. cannot be grouped into a consortium
due to its antagonistic interactions with most of another bacteria.

Bl

Fig. 1. PGPB antagonism activity test, Bl = Bacillus licheniformis;, Bs = Bacillus
siralis; Pl = Paenibacillus lautus; Th = Isolat H; Br = Brevibacillus sp.; a = clear
zone, b = bacterial suspension well.
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3.2 Viability and Vigor of Corn Seeds

The vigor index values for each seed are below 20%, indicating that bio-priming of
corn with PGPB bacteria has not been optimal in improving the vigor index. The vig-
or index values for Consortium 2 (Isolate P & Bacillus siralis), Consortium 6 (Bacil-
lus altitudinis, Bacillus licheniformis, Paenibacillus lautus, Isolate H, Alkalihalobacil-
lus, Bacillus pumilus), and Brevibacillus sp. did not show statistical significance.
However, these treatments were able to enhance the vigor index compared to the con-
trol treatment for popcorn corn varieties.

Table 2. Viability and Vigor of Corn Seeds.

Vigor Index Germination Maximum Growth ng)e‘gfih
Treatment (%) Potency (%) Potential (%) (% etmal ")
PC SC PC SC PC SC PC  SC
Ko 9,3 8,0 28,0 30,6 34,0 38,0 3,57 3,16

K2 140 66 346 226 38,6 260 387 225
K6 153 60 313 266 39,3 313 449 275

32,6
Br 16,0 10,0 38,6 42,0 32,0 429 3.6

Ko = Control; K2 = 2 bacterial consortia (Isolat P & Bacillus siralis ); K6 = 6
bacterial consortia (Bacillus altitudinis, Bacillus licheniformis, Paenibacillus lautus,
Isolat H, Alkalihalobacillus, Bacillus pumilus); Br (Brevibacillus sp.); PC = Popcorn
seed; SC = Sweet corn seed.

The germination potency for each type of corn ranges between 22% and 38%, with
the highest germination potency observed in the treatment involving Brevibacillus sp.
Germination occurs due to endogenous hormones in the seed, specifically gibberellin
and auxin (IAA) hormones. Gibberellin hormone helps to end dormancy by promot-
ing the formation of a-amylase enzymes in the aleurone layer, while IAA (auxin)
function in a cell division and tissue formation (Davies, 1995; Tetuko, et al., 2015).
The popcorn’s maximum growth potential tends to be higher than in sweet corn. The
Brevibacillus sp. treatment on popcorn has a higher value of 42% compared to other
treatments. Brevibacillus sp. has shown to have a positive impact on the maximum
growth potential of popcorn corn.

The bio-priming treatment with PGPB bacteria did not significantly affect the
growth speed in both varieties of corn used. When comparing the growth rate values
of each treatment with the control, there is no significant difference, and in the case of
sweet corn, the control has a higher value. The highest growth rate value is found in
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treatment K6 for popcorn, which is 4.49% etmal™'. Treatment K2 for sweet corn has
the lowest growth rate value, which is 2.25% etmal™. Growth rate is related to germi-
nation capacity, as a high growth rate can indicate a high germination capacity. A
high growth rate can be one of the indicators that a seed has high vigor (Sadjad, et al.,
1999; Yuniarti, et al., 2014).

3.3  The Influence of PGPB Bio-Priming Techniques on Corn Plant Growth

The wet weight of normal seedlings in sweet corn treated with Brevibacillus sp. has a
lower value (0.29 g) compared to treatment K6 (0.342 g), while the dry weight of
normal seedlings in both treatments shows the opposite trend. The dry weight of nor-
mal seedlings in the Brevibacillus sp. treatment has a higher value (0.052 g) compared
to treatment K6 (0.042 g). This indicates that the seedlings in the Brevibacillus sp.
treatment have lower water content and higher tissue biomass. Low water content
with high and dense tissue biomass indicates that the metabolic processes are func-
tioning well. This is related to the optimal conditions required during germination,
such as sufficient nutrient availability and the presence of phytohormones that aid the
germination process (Fatikhasari, et al., 2022)
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Fig. 2. Wet weight of normal seedlings, Ko = control; K2 = 2 bacterial consortia (Isolat P
& Bacillus siralis ); K6 = 6 bacterial consortia (Bacillus altitudinis, Bacillus licheniformis,
Paenibacillus lautus, Isolat H, Alkalihalobacillus, Bacillus pumilus); Br = Brevibacillus sp.
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Fig. 3. Dry weight of normal seedlings, Ko = control; K2 = 2 bacterial consortia (Isolat P
& Bacillus siralis ); K6 = 6 bacterial consortia (Bacillus altitudinis, Bacillus licheniformis,
Paenibacillus lautus, Isolat H, Alkalihalobacillus, Bacillus pumilus); Br = Brevibacillus sp.

The tallest plants are found in the control treatment for popcorn corn (14.07 cm)
and treatment K2 (13.97 cm). The highest plant height for sweet corn is also observed
in treatment K2 (7.43 cm) and the control (6.66 cm). The greater plant height in the
control treatment suggests that the requirements for hormones and nutrients can be
met without additional treatments to support growth. Plant height is the result of met-
abolic activities carried out by the seeds during the germination process, utilizing the
stored nutrients within the seed. Vital plant organs will replace the depleted nutrient
reserves and generate the energy needed for plant growth and development. Plant
height reflects the quality of the seeds with good viability and vigor. It signifies the
absorption and fulfillment of nutrient requirements available during the germination
process (Sumardji & Purbasari, 2018).
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Fig. 4. Plant Height , Ko = control; K2 = 2 bacterial consortia (Isolat P & Bacillus siralis );
K6 = 6 bacterial consortia (Bacillus altitudinis, Bacillus licheniformis, Paenibacillus lautus,
Isolat H, Alkalihalobacillus, Bacillus pumilus); Br = Brevibacillus sp.
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The popcorn’s root length is higher than sweet corn varieties. The control
treatment in popcorn has the highest value at 8.16 cm, while in sweet corn, the
Brevibacillus sp. treatment has the longest root length (4.56 cm). Longer plant roots
indicate optimal absorption of water and nutrients. Additionally, limitations in water
availability can result in maximal root growth and increased root growth (Al & Torey,
2013). This can happen due to a higher germination speed, better nutrient and water
uptake, optimizing the metabolic processes that influence plant organ growth. The
suboptimal condition of sweet corn seeds, which has been stored for an extended
period and are not in good germination condition, is suspected to be the reason for the
lower plant height and root length. PGPB priming treatments did not significantly
impact root growth in both corn varieties. This might be because the PGPB bacteria's
capabilities are not sufficient to significantly enhance and accelerate plant growth.
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Fig. 5. Plant Root Lenght, Ko = control; K2 = 2 bacterial consortia (Isolat P & Bacillus
siralis ); K6 = 6 bacterial consortia (Bacillus altitudinis, Bacillus licheniformis, Paenibacillus
lautus, Isolat H, Alkalihalobacillus, Bacillus pumilus),; Br = Brevibacillus sp.

The condition of corn seeds will influence the germination process, even though it
has ample stored energy from the initial metabolic processes. The corn seeds ability to
form tissues during cell division also impacts the germination process. Furthermore,
meeting the hormonal requirements used to induce cell division affects tissue for-
mation. Sweet corn seeds should be able to germinate well because they have a larger
volume compared to popcorn corn seeds. However, the limited ability of sweet corn
seeds to form tissues after the initial metabolic process affects the viability and vigor
of sweet corn seedlings (Pratama, et al., 2014; Marlina, et al., 2023).

4 Conclusion

Based on the research, the bio-priming treatment with the bio-agent PGPB bacteria
did not significantly affect the viability and vigor of both sweet corn and popcorn
corn seeds. The PGPB bacteria grouped into consortia based on antagonism tests
among bacteria has not been able to significantly enhance the viability and vigor of
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sweet corn and popcorn seeds. Brevibacillus sp. stands out as a PGPB bacterium with
the potential to improve the viability and vigor of both sweet corn and popcorn seeds.
Popcorn seeds have better viability and vigor compared to sweet corn seeds.
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