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Abstract

This study aimed to determine the effectiveness of several non-pathogenic endophytic bacteria isolated from nutmeg
plants on the viability of rice seeds. The experimental design used was a non-factorial completely randomized design
(CRD) with three replications. The study included 14 endophytic bacterial treatments and one control. The research
was conducted at the Biological Control Laboratory, Plant Protection Study Program, Faculty of Agriculture, Syiah
Kuala University, Banda Aceh, from August 2023 to September 2023. The results showed that the application of
non-pathogenic endophytic bacteria from nutmeg had a highly significant effect on rice seed viability, particularly
on growth potential and germination. The highest seed viability was observed in the treatment with the bacterial
isolate S - S AG 1 1. Endophytic bacterial isolates from nutmeg plants were proven to enhance the viability of
Ciherang rice seeds, especially in terms of growth potential and germination. The isolate S - S AG 1 I produced the
best results, with a growth potential of 84.4% and germination rate of 77.8%

Keywords: endophytic bacteria, rice seeds and seed viability.

INTRODUCTION

Currently, endophytic microbes are getting more attention because the usefulness of endophytes is found to
protect host plants from attacks by plant-disturbing organisms such as pests and pathogens. In addition, endophytic
bacteria are able to provide a positive influence on plant growth and development. Endophytic bacteria are able to
provide growth-regulating hormones for plant seedlings, this is because in the germination process, seeds need
phytohormones for growth and development. There are several IAA hormone-producing bacteria found in certain
plants and produce phytohormones that are beneficial for plant growth such as auxins, gibberellins and
cytokinins.(Mohite, 2013).Endophytic microbes are microorganisms that grow in plant tissues without causing
disease in their hosts. Endophytes are microorganisms that are found in healthy host plant tissues without causing
disease symptoms for all or part of their life cycle. (Kuzniar et al., 2025). The presence of endophytic bacteria is
increasingly being considered in the context of sustainable agriculture, due to their ability to replace or reduce
dependence on chemicals such as pesticides and synthetic fertilizers. Recent studies have shown that endophytic
bacteria play a role in improving plant resistance to drought, salinity, and pathogen infection.(Mburu et al., 2021).
Therefore, further understanding of the interactions between endophytic bacteria and plants is essential, not only to
improve agricultural yields, but also to support the concept of environmentally friendly agriculture.

Several studies have shown that endophytic bacteria can be used as biological agents, including producing
bioactive compounds as plant protection.(Kandasamy & Kathirvel, 2023), controlling nematodes on patchouli
plants(Harni & Ibrahim, 2020), increasing the resistance of potato plants to yellow cyst nematode attacks(Istifadah
et al., 2018), and as an anti-bacterial (Staphylococcus aureus and E. coli) in mangrove plants.(Rori et al., 2020).
Endophytic bacteria and plants can live in symbiosis and mutually beneficial, in this case endophytic microbes obtain
nutrients from plant metabolism and protect plants against herbivores, insects or pathogenic tissues while plants
obtain nutritional derivatives and active compounds needed during their life.(Putri et al., 2018). Endophytic bacteria
and other rhizobacteria are part of the natural microflora of healthy plants in the field. According toRismawati et al.,
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(2024)Endophytic bacteria can affect plant health in terms of: (1) direct antagonism, (2) inducing systemic resistance
and (3) increasing plant tolerance to the environment.

Endophytic bacteria can be isolated from the surface of plant tissues or extracted from internal plant tissues
such as roots, stems, leaves and twigs of various types of plants. Endophytes can be beneficial for plants because
they can be used as biological agents for pathogens and also to promote plant growth.(Fadiji & Babalola, 2020).
Endophytic bacteria have become a rapidly growing research focus in recent years. These bacteria can be found
throughout the plant, including the roots, stems, and leaves. One of the main roles often associated with endophytic
bacteria is their ability to increase plant resistance to abiotic stresses such as drought and salinity. Research byUllah
et al., (2019)showed that endophytic bacteria isolated from adaptive plants can help increase drought tolerance
through the mechanism of producing growth hormones such as auxin and gibberellin.

METHOD
Place and Time

This research was conducted at the Plant Pest and Disease Laboratory, Agrotechnology Study Program,
Faculty of Agriculture, Syiah Kuala University from August 2023 to September 2023.

Materials and tools

The materials used in this study were Ciherang variety rice seeds, endophytic bacteria from nutmeg plants
(collection of Plant Pest and Disease Laboratory, Agrotechnology Study Program, Faculty of Agriculture, Syiah
Kuala University) NA media, aquadesh and spiritus. The tools used in this study were petri dishes, autoclaves,
Erlenmeyer flasks, razor blades, light microscopes, test tubes, plastic wrap, oasis needles and stationery.

Experimental Design

The experimental design used in this study was a non-factorial Completely Randomized Design (CRD) with
15 treatments and 3 replications, thus obtaining 45 experimental units. The factors studied were the types of
endophytic bacteria, namely: S-SAB 1,S-SAB2,S-SAG11,S-SAG1I,S-SAG21,S-SAG2II,PS-S
AB1,PS-SAB2,PS-SAGII,PS-SAGIILPS-SAG2L,PS-SAG2I,PS-SAG2II,PS-SAG2IV
and control. Before the F test was carried out, the data from each variable were transformed with Arcsin then, if the
F test showed a significant effect, it was continued with the BNT test at the 5% level.

Research Implementation

This study was conducted with a viability test conducted using the petridish method. Petridish germination
by placing NA media into a petridish which aims to be a growing medium for rice seeds in the germination test.
Furthermore, planting seeds on NA media as many as 25 seeds arranged in a circle. Then wrapped in a plastic bag
cover so as not to be contaminated with other microbes. Rice seed viability testing was carried out by germinating
seeds on NA media. The total number of seeds used was 1125 grains. To maintain an optimum germination
environment, they were placed on a germination rack. The variables observed were the characteristics of endophytic
bacteria, growth potential (PT), germination power (DB).

RESULTS AND DISCUSSION
Characteristics of Endophytic Bacteria in Nutmeg Plants

The characteristics of several collections of endophytic bacteria from the Plant Pest and Disease
Laboratory, Agrotechnology Study Program, Syiah Kuala University are presented in Table 1.

Table 1. Microscopic Characteristics of Endophytic Bacteria

Isolate Name Colony Surface Shape Colony color
S-SAB1 Sunken Yellowish white
S-SAB2 Round Clear white
S-SAG1I1 Sunken Reddish white
S-SAGI11I Sunken Pink
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S-SAG2I Convex Yellowish white
S-SAG21I Convex Yellowish white
PS-SAB1 Sunken Clear white
PS-SAB2 Sunken Pink
PS-SAG1I Sunken Clear white
PS-SAG11I Sunken Reddish white
PS-SAG2I Sunken Yellowish white
PS-SAG21I Sunken Yellowish white
PS-SAG2III Convex Yellowish white
PS-SAG2IV Sunken Yellowish white

Table 1 can be explained that observations of the color of bacterial colonies vary such as yellowish white,
clear white, reddish white and pink. Observation of the shape and color of endophytic bacterial colonies is the first
step in identifying these microorganisms. Variations in the shape and color of colonies are influenced by genetic
factors and the growth environment. Understanding the morphological characteristics of endophytic bacterial
colonies is very important in microbiology research and its applications in agriculture and environmental
health.(Singh et al., 2017). The shape of endophytic bacterial colonies has three forms of bacterial colony surfaces,
namely round colony surface shape, convex colony surface shape and concave colony surface shape. The concave
colony surface shape is the most common colony surface shape of all isolates. The results of the F test showed that
the effectiveness of several endophytic bacteria had a very significant effect on growth potential (PT) and

germination power (DB).

Potential for Rice Seed Growth Due to Several Endophytic Bacteria Originating from Nutmeg Plants

The effect of endophytic bacteria effectiveness has a significant effect on the growth potential of rice seeds.

The average growth potential of Ciherang rice seeds is presented in Table 2.

Table 2. Average potential for rice seed growth due to several endophytic bacteria originating from nutmeg plants.

. . Growth Potential (PT)
Endophytic Bacteria Aresin J% %)
S-SAB1 46.9 cde 533
S-SAB2 53.6 defg 64.4
S-SAG11I 67.5 fg 84.4
S-SAGI1II 65.2 fg 82.2
S-SAG21 56.2 defg 68.9
S-SAG2II 55.1 defg 66.7
PS-SAB1 48.2 cdef 55.6
PS-SAB2 57.6 efg 71.1
PS-SAG11 13.5a 13.3
PS-SAG11I 40.5cd 42.2
PS-SAG21 23.9ab 17.8
PS-SAG21I 52.2 cdefg 62.2
PS-SAG211 63.4 fg 80
PS-SAG21V 41.7 cde 44.4
Control 36.3 be 37.8
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Description: Numbers followed by the same letter are not significantly different at the 5% probability level (LSD
test). SS = Healthy among the sick, PS-S = Healthiest among the healthy, AB = Alu Baroe Village, AG = Ie Dingin
Village.

Based on Table 2, it is explained that the potential for rice seed growth due to the treatment of several
endophytic bacteria from nutmeg ranges from 13% to 84%. The highest growth potential was found in bacteria SS
AG11,SSAG 11, PS - SAG 2 IIl which was significantly different from bacteria PS-SAG 11, PS-SAG 21, PS
-SAG1ILS-SAB1,PS-SAG2IV and control and did not significantly affect bacteria S-SAB 2, S-S AG 2
I,S-SAG2II, PS - SAG 2 II. The highest growth potential was found in the treatment of bacteria S - S AG 11
with a value of 67.5 and the lowest growth potential was found in the treatment of bacteria PS - SAG 1 I with a
value of 13.5. The role of bacteria in increasing the viability of rice seeds is due to endophytic bacteria having the
ability to contribute hormones and dissolve phosphate. This is in line with the statementThakuria et al., (2004)which
explains that the mechanism of plant growth by endophytic bacteria can occur in several ways, including dissolving
phosphate compounds, nitrogen fixation, stimulating lateral root growth and producing growth hormones such as
auxin, ethylene and cytokinin.

The presence of endophytic bacteria in plants can affect several vital aspects, including increasing plant
tolerance to environmental stress, the ability to inhibit pathogens, and increasing the availability of nutrients.(Najjar,
2025), plants meet their need for growth hormones through their ability to synthesize the hormone auxin from
microorganisms in their tissues.(Herlina et al., 2017). [AA-producing bacteria have the potential to cooperate with
several physiological processes of plants by inserting the IAA produced into the plant. The effect on the plant itself
is that the plant is faster in forming lateral roots and adventitious roots.(Leveau & Lindow, 2005). In addition, several
recent studies have shown that endophytic bacteria can also increase the availability of plant nutrients. For example,
according to(Puri et al., 2018), some species of endophytic bacteria can increase nitrogen fixation in legume plants,
improve the availability of other important nutrients such as phosphorus and potassium, and increase the efficiency
of nutrient absorption by plant roots. Furthermore, endophytic bacteria are also known to have potential as biocontrol
agents that can fight plant pathogens. According to research by(Teja et al., 2025), endophytic bacteria can produce
antimicrobial compounds that inhibit the growth of plant pathogens, such as fungi and pathogenic bacteria. This
provides ecological benefits because it reduces the use of chemical pesticides that can have negative impacts on the
ecosystem.
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Rice Seed Germination Power Due to Several Endophytic Bacteria Originating from Nutmeg Plants
The effect of endophytic bacteria effectiveness has a significant effect on the germination power of rice
seeds. The average growth potential of Ciherang rice seeds is presented in Table 3.

Table 3. Average germination power of rice seeds in several endophytic bacteria from nutmeg

Germination Power (DB)

Endophytic Bacteria Aresin A %)
S-SAB1 19.3 ab 11.1
S-SAB2 44 .4 defg 48.9
S-SAGI1I 635¢g 77.8
S-SAGI1II 53.5fg 64.4
S-SAG21 43.0 defs 46.7
S-SAG2II 52.4 fg 62.2
PS-SAB1 31.9 bede 289
PS-SAB2 40.2 cdef 422
PS-SAGI1I 0.57a 0
PS-SAGI1II 22.5bc 15.6
PS-SAG2I 14.0 ab 8.9
PS-SAG21I 48.2 efg 55.6
PS-SAG21I 43.7 def 48.9
PS-SAG2IV 25.0 bed 24.4
Control 17.7 ab 13.3

Description: Numbers followed by the same letter are not significantly different at the 5% probability level (LSD
test). SS = Healthy among the sick, PS-S = Healthiest among the healthy, AB = Alu Baroe Village, AG = Ie Dingin
Village.

Based on Table 3, it can be explained that the germination power of rice seeds ranges from 0.00% -77.8%.
The highest germination power was found in S - S AG 1 I bacteria which was significantly different from the
treatment of PS-SAG I LPS-SAG11I,PS-SAG2L,PS-SAG2IILPS-SAG2II,PS-SAG2IV,S-SAB
1,S-SAG2I,PS-SAB1,PS -SAB 2 and Control and had no effect on the treatment of S, -SAG 11I, S - SAG
21, PS-SAG2II, S - S AB 2. The highest germination power was found in the treatment of S - S AG 1 I bacteria
with a value of 63.5 and the lowest germination power was found in the treatment of PS - S AG 1 I bacteria with a
value of 0.57. Various research results report that several groups of endophytic microbes are able to produce
compounds such as [AA production which can accelerate plant growth. For example, Azospirillum brasilense in
wheat. TAA affects the development of wheat roots and can improve plant productivity through hormone
stimulation.(Lestari et al., 2007).

Azospirillum is also able to increase crop yields in various types of soil and climate due to the addition of
auxin from Azospirillum. Auxin is a type of hormone that can stimulate plant growth by increasing the process of
cell elongation and stem elongation as well as cell differentiation.(Mehdipour Moghaddam et al., 2012). Endophytic
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bacteria also have a significant role in modulating the plant immune system. According toChaudhary et al., (2022),
endophytic bacteria can stimulate the systemic response of plants to pathogens by inducing the production of defense
compounds, such as flavonoids and phenolics, which provide additional protection against infection. This makes
endophytic bacteria an important component in the natural management of plant diseases.

CONCLUSION

The best growth potential value was found in S - S AG 1 I bacteria and the best germination power value
was found in S - SAG 1 Il and S - S AG 2 II bacteria. Non-pathogenic endophytic bacterial isolates from nutmeg
plants have a very significant effect on the viability of Ciherang variety rice seeds, especially in terms of growth
potential and germination power. Treatment with S - S AG 1 I isolate gave the best results in increasing the growth
potential of rice seeds up to 84.4%. Meanwhile, the highest germination power was achieved by the S - SAG 1 |
isolate treatment with a value of 77.8%.
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