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Abstract----This literature review aims to explore the role of tropical rainforest soil microorganisms in improving the quality of
planting media for Kepok Tanjung banana seedlings. Soil microorganisms contribute significantly to the organic matter decomposition
process, which influences nutrient availability and the health of the planting medium. A literature review approach was employed, with
sources searched through academic databases such as Google Scholar, Science Direct, and Scopus, using the keywords '"Soil
Microorganisms," "Tropical Forest," '"Organic Matter Decomposition," '"Planting Media," and "Kepok Tanjung Banana." This
involved systematically collecting, analyzing, and synthesizing information from various sources relevant to the topic.The results
obtained from this analysis of references indicate that a planting medium with a pH between 5.5 and 6.5 supports optimal seedling
growth, while the use of the solarization method in media sterilization can reduce soil pathogens and increase seedling survival by up to
25%. In addition, the utilization of organic waste, such as palm oil industry waste, has been shown to increase seedling biomass by 22%.
This literature review emphasizes the importance of sustainable soil microorganism and planting media management to support Kepok
Tanjung banana cultivation. It also provides recommendations for further exploration of microorganisms that can be developed for
more efficient and environmentally friendly agricultural practices.

Keywords: Soil Microorganisms, Tropical Forest, Planting Media, Kepok Tanjung Banana, Decomposition.

I. INTRODUCTION

Kepok Tanjung banana (Musa paradisiaca L.) has proven to be a strategic banana variety in the Indonesian agricultural sector.
This variety's advantages lie not only in its high productivity and disease resistance, but also in its promising economic value and
its role in maintaining national food security [1]. In the context of Indonesia's continuously developing agricultural sector, a deep
understanding of the potential and challenges in cultivating Kepok Tanjung banana becomes increasingly crucial. The significance
of Kepok Tanjung banana can be seen from various aspects. Data from the Ministry of Agriculture [2] shows that banana
production in Indonesia reached 7.5 million tons in 2022, with Kepok banana contributing around 35% of the total production.
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Kepok Tanjung banana itself is estimated to contribute 15-20% of the total Kepok banana production, with an economic value
reaching Rp 5.2 trillion per year [3][4]. In terms of nutrition, its high nutritional content, including carbohydrates (31.15 g/100g),
potassium (358 mg/100g), vitamin B6 (0.4 mg/100g), and fiber (2.6 g/100g), makes Kepok Tanjung banana a valuable functional
food source for human health [5].

The adaptability and resilience of Kepok Tanjung banana are also distinct advantages. This variety shows a higher
adaptation to various environmental conditions, capable of optimal growth in a temperature range of 20-35°C with rainfall of
2000-3000 mm/year. Its resistance to Fusarium wilt disease is also a significant plus [6];[7]. Moreover, the fruit's characteristics,
suitable for processing into various products, have driven the growth of small and medium industries, with an estimated 1,000
business units relying on the supply of Kepok Tanjung banana throughout Indonesia [7].

Although most of the production is still absorbed by the domestic market, the export potential of Kepok Tanjung banana
is starting to open up, with Indonesian banana exports reaching US$ 1.5 million in 2022. This not only contributes to the country's
foreign exchange earnings but also opens up new opportunities for farmers. Kepok Tanjung banana cultivation has proven to be a
stable source of income for smallholder farmers, with a potential net income of up to Rp 25-30 million per hectare per year.
However, behind this great potential, there are significant challenges in optimizing production, especially concerning the quality
of the planting media. Soil quality degradation, dependence on inorganic fertilizers, changes in rainfall patterns, soil pH control,
soil compaction, limitations in quality organic materials, heavy metal contamination, and susceptibility to soil pathogens are
critical issues that need to be addressed [8]-[11].

Given the significance of Kepok Tanjung banana in the context of Indonesian agriculture and economy, as well as the
complexity of the challenges faced, this research aims to explore strategies for optimizing planting media that can enhance the
productivity and sustainability of Kepok Tanjung banana cultivation. By combining sustainable agricultural practices,
biotechnological innovations, and policy support, it is expected that comprehensive solutions can be found to optimize the
potential of this strategic banana variety, while simultaneously addressing the environmental and economic challenges faced by
farmers. Through this holistic approach, it is hoped that Kepok Tanjung banana can continue to make significant contributions to
food security, farmers' income, and the national agro-industry sector in the future.

II. METHODS

The literature review method employed a systesmatic approach to collecting, analyzing, and synthesizing information
from various sources relevant to the topic of utilizing tropical rainforest soil microorganisms and planting media for Kepok
Tanjung banana seedlings. Firstly, the objectives and scope of the literature review were defined, such as understanding the role
of microorganisms in organic matter decomposition and their impact on the quality of the planting media. Next, a search for
sources was conducted through academic databases like Google Scholar, Science Direct, and Scopus, using keywords such as
"Soil Microorganisms," "Tropical Forest," "Decomposition," "Planting Media," and "Kepok Tanjung Banana." After gathering the
literature, sources were categorized based on themes or subtopics, such as microorganism diversity and application in improving
planting media quality, using Mendeley software for reference management.

Analysis and synthesis of information from various sources will help identify patterns and gaps in existing research. The
literature review should be clearly structured, starting with an introduction that explains the objectives, followed by methods,
results and discussion, conclusions and recommendations, and a bibliography relevant to this paper. Finally, evaluation and
revision of the writing are crucial to ensure clarity and consistency, and periodic updates are necessary to maintain the article's
relevance to the latest developments in the field. By following these steps, the article can provide in-depth and comprehensive
insights into the utilization of soil microorganisms in the context of tropical rainforests to improve the quality of the planting
media for Kepok Tanjung banana.
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III. RESULT DISCUSSIONS
A. Tropical Rainforest
1. Characteristics of Tropical Rainforest Ecosystems

Tropical rainforests are one of the most complex and diverse ecosystems on Earth, with several key characteristics that
define their uniqueness. Climate is a key factor, characterized by high temperatures throughout the year (average 25-28°C),
abundant annual rainfall (>2000 mm), and very high humidity, ranging from 77-88% [12]. The composition of this forest is very
complex, consisting of several canopy layers. Arce-Nazario [13] identifies at least four main layers: the emergent layer, the upper
canopy, the lower canopy, and the forest floor. Although often considered fertile, tropical rainforest soils are actually relatively
nutrient-poor, with most nutrients residing in living biomass and rapidly decomposing litter. Quesada et al. [14] found that a fast
and efficient nutrient cycle is key to the fertility of tropical rainforests. These forests also play a crucial role in the global water
cycle. A study by [15] shows that evapotranspiration from tropical rainforests contributes significantly to regional and global
rainfall. Furthermore, tropical rainforests are highly dynamic ecosystems.

2. Tropical Rainforest Biodiversity

Tropical rainforests are centers of biodiversity and are habitats for a wide variety of flora and fauna species. Species
diversity in this ecosystem is very high, relevant to the research by [16] which estimates the existence of more than 15,000 tree
species in the Amazon rainforest. Furthermore, [17] identified more than 50,000 insect species in a single hectare of tropical
rainforest. The level of endemism in this ecosystem also reaches the highest level; a study by [18] reported that more than 60% of
vertebrate species in the Madagascar rainforest are endemic.

The complexity of interactions between species adds an important dimension to this biodiversity, as revealed by [19] in
their study on the mutualistic networks between plants and pollinating insects in Southeast Asian rainforests. In addition to
species diversity, [20] explain that the functional diversity of trees contributes significantly to forest productivity, emphasizing the
importance of functional biodiversity. However, tropical rainforests face serious threats to their biodiversity. A study by [21]
identifies the negative impact of habitat fragmentation in the Brazilian rainforest, which leads to a decline in the populations of
various species, especially large mammals and birds. These findings emphasize the urgency of conservation efforts to preserve the
rich biodiversity of tropical rainforests.

B. Characteristics of Tropical Rainforest Soil Microorganisms
1. Diversity of tropical rainforest soil microorganisms

Tropical rainforests are known as one of the ecosystems with the highest biodiversity in the world, and this is also
reflected in their soil microbial communities. A recent metagenomic study by [22] reveals that Amazonian rainforest soil contains
more than 100,000 species of bacteria and archaea per gram of soil, far exceeding previous estimates. This study also found that
more than 60% of the identified taxa have never been described before, indicating a huge potential for the discovery of new
species.

The diversity of fungi in tropical rainforest soils is also very high. Tedersoo et al. [23] conducted a global analysis of soil
fungal communities and found that tropical rainforests have the highest fungal species richness compared to other biomes. They
estimated that one hectare of tropical rainforest can contain more than 5,000 species of fungi, and many of them are endemic.

2. Ecological functions of soil microorganisms in tropical rainforest ecosystems

Soil microorganisms play a crucial role in various ecosystem processes in tropical rainforests. One of the main functions
of microorganisms is nutrient cycling. Research by [24] shows that soil bacteria and fungi are responsible for over 90% of organic
matter decomposition in the Amazon rainforest, where this decomposition rate is strongly influenced by the composition of the
microbial community, with important implications for the global carbon cycle.

Vol. 47 No. 2 November 2024 ISSN: 2509-0119 647



International Journal of Progressive Sciences and Technologies (IJPSAT) - ? SCHOLAR Al
ISSN: 2509-0119. ?
© 2024 Scholar AI LLC.

IJPSAT https://ijpsat.org/ Vol. 47 No. 2 November 2024, pp. 645-659

SSN:2508-0119

Nitrogen fixation is another essential process mediated by soil microorganisms. Gei et al. [25] conducted a
comprehensive study of nitrogen-fixing bacteria in tropical rainforests and found that nitrogen fixation by soil microorganisms
can contribute up to 50% of the total nitrogen input in the ecosystem. They also identified several new strains of Rhizobium
associated with tropical legume plants, showing potential for application in sustainable agriculture.

Arbuscular Mycorrhizal Fungi (AMF) play a vital role in plant nutrition in tropical rainforests. A recent study by
Corrales et al. [26] reveals that over 80% of plant species in tropical rainforests form associations with AMF. They found that this
symbiosis not only enhances phosphorus uptake by plants but also contributes significantly to plant resistance to soil pathogens
and tolerance to abiotic stress.

Soil microorganisms also play a role in mitigating greenhouse gas emissions from tropical rainforests. Feng et al. [27]
investigated the community of methanotrophs in tropical rainforest soils and found that these bacteria can oxidize up to 80% of
the methane produced in the soil before it is released into the atmosphere. This finding highlights the important role of soil
microorganisms in regulating the global carbon cycle.

In addition, soil microorganisms contribute to the formation and stabilization of soil structure in tropical rainforests.
Rillig et al. [28] demonstrated that exopolysaccharides produced by soil bacteria and fungal hyphae play an essential role in the
formation of soil aggregates. They found a positive correlation between soil microbial diversity and soil structure stability, which
influences water retention and resistance to erosion.

The diversity and ecological functions of these tropical rainforest soil microorganisms underscore their vital role in
maintaining ecosystem health and productivity. A better understanding of these microbial communities is not only essential for
tropical rainforest conservation but also offers valuable insights for developing sustainable agricultural practices and ecosystem
restoration. Several factors that influence the composition of soil microorganisms can be seen in the image below:

Microbial ’
¢—>| Microbial communi
decomposers £y ]

substrate size

plant species decay stage

Microbial community
Substrate chemical composition
Substrate physical properties

OEEN

Ecosystem attributes

Fig.1 Factors influencing the composition and activity of microbial communities [29]
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3. Diversity of Tropical Rainforest Soil Microorganisms and Their Role in Organic Matter Decomposition

TABLE 1. DIVERSITY OF TROPICAL RAINFOREST SOIL MICROORGANISMS AND THEIR ROLE IN ORGANIC MATTER DECOMPOSITION

No - Types of- Fungl{Ba Role in Orgam‘c .Matter Journal Author
Microorganisms cteria Decomposition
1 Trichoderma Fungi Menghasilkan enzim selulase yang Journal of [30]
harzianum mendegradasi selulosa Environmental
Management
2 Bacillus subtilis Bacteria ~ Mendegradasi protein dan menghasilkan Frontiers in [31]
enzim proteolitik Microbiology
3 Aspergillus niger Fungi Menghasilkan enzim lignolitik untuk Bioresource [32]
degradasi lignin Technology
4 Pseudomonas putida Bacteria Mendegradasi senyawa aromatik dan Applied [33]
hidrokarbon Microbiology and
Biotechnology
5 Phanerochaete Fungi Degradasi lignin dan selulosa dalam Environmental [34]
chrysosporium kayu Science and
Pollution Research
6 Lactobacillus Bacteria Fermentasi asam laktat dalam Scientific Reports [35]
plantarum dekomposisi bahan organik
7 Penicillium sp. Fungi Pectin and hemicellulose degradation Waste Management [36]
8 Azotobacter Bacteria Nitrogen fixation and plant growth Microorganisms [37]
chroococcum hormone production
9 Fusarium oxysporum Fungi Cellulose and lignin decomposition Mycologia [38]
10 Bacillus licheniformis Bacteria Production of amylase enzymes for Enzyme and [39]
starch degradation Microbial
Technology
11 Pleurotus ostreatus Fungi Lignin degradation and laccase enzyme Bioresource [40]
production Technology
12 Rhodococcus Bacteria Biodegradation of hydrocarbons and Applied and [41]
erythropolis xenobiotic compounds Environmental
Microbiology
13 Mucor hiemalis Fungi Pectin degradation and pectinase Journal of Applied [42]
enzyme production Microbiology
14 Streptomyces Bacteria Lignin degradation and peroxidase Soil Biology and [43]
viridosporus enzyme production Biochemistry
15 Trametes versicolor Fungi Lignin degradation and laccase enzyme Fungal Biology [44]
production
16 Clostridium Bacteria Anaerobic cellulose degradation Biotechnology for [45]
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Types of

Fungi/Ba

Role in Organic Matter

No . . . . Journal Author
Microorganisms cteria Decomposition
cellulolyticum Biofuels
17 Rhizopus oryzae Fungi Production of lipase enzymes for fat Process [46]
degradation Biochemistry
18 Pseudomonas Bacteria ~ Degradation of aromatic compounds and Environmental [47]
fluorescens biosurfactant production Pollution
19 Agaricus bisporus Fungi Lignin and cellulose degradation in Compost Science & [48]
compost Utilization
20 Azospirillum Bacteria Nitrogen fixation and phytohormone Plant and Soil [49]
brasilense production
21 Neurospora crassa Fungi Cellulose degradation and cellulase Fungal Genetics and [50]
enzyme production Biology
22 Bacillus thuringiensis Bacteria ~ Chitin degradation and chitinase enzyme Journal of [51]
production Invertebrate
Pathology
23 Phytophthora Fungi Cellulose and pectin degradation in litter Forest Pathology [52]
cinnamomi
24 Xanthomonas Bacteria Pectin degradation and xanthan gum Carbohydrate [53]
campestris production Polymers
25 Ganoderma lucidum Fungi Lignin degradation and polysaccharide  International Journal [54]
production of Biological
Macromolecules
26 Arthrobacter sp. Bacteria Biodegradation of pesticides and Chemosphere [55]
xenobiotics
27 Mortierella alpina Fungi Lipid production and fatty acid Microbial Cell [56]
degradation Factories
28 Cellulomonas fimi Bacteria ~ Cellulose and hemicellulose degradation Applied [57]
Biochemistry and
Biotechnology
29 Lentinus edodes Fungi Lignin degradation and ligninolytic Bioresource [58]
enzyme production Technology
30 Nitrosomonas Bacteria Nitrification and ammonia degradation =~ FEMS Microbiology [59]
europaea Ecology

5. Role of Tropical Rainforest Soil Microorganisms in Organic Matter Decomposition

The diversity of soil microorganisms in tropical rainforests is remarkably high. A study conducted by [60] using
metagenomic methods to analyze soil microbial communities in the Amazon rainforest found that Proteobacteria, Acidobacteria,
and Verrucomicrobia were the dominant bacterial phyla, while Ascomycota and Basidiomycota were the most abundant fungal
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phyla. This high diversity is positively correlated with the rapid rate of organic matter decomposition observed in tropical
rainforest ecosystems.

The role of microorganisms in organic matter decomposition is highly significant. Fungi, particularly white-rot fungi,
have the unique ability to degrade lignin, a major component of wood that is difficult to break down. Research by [61] showed
that the species Phanerochaete chrysosporium, isolated from Brazilian rainforest soil, exhibits high ligninolytic enzyme activity
and has potential for use in bioremediation and the treatment of lignocellulosic waste.

Bacteria also play a crucial role in decomposition. Kato et al. [62] isolated several cellulolytic bacterial strains from
rainforest soil in Malaysia. They found that some isolates, particularly from the genera Bacillus and Paenibacillus, exhibited high
cellulase activity and have potential for use in bioethanol production and the paper industry.

The interaction between microorganisms in the decomposition process is also an interesting area of study. A study by [63]
used a metatranscriptomic approach to analyze the active microbial community during litter decomposition in the Puerto Rican
rainforest. They found a succession of microbial communities during the decomposition process, with fungi dominating in the
early stages and bacteria becoming more dominant in the later stages. These interactions are important for understanding the
dynamics of the carbon cycle in forest ecosystems.

Tropical rainforests are ecosystems rich in biodiversity, including soil microorganisms that play a vital role in
biogeochemical cycles. These microorganisms have enormous potential in the process of organic matter decomposition, which is
crucial for soil fertility and nutrient cycling. The utilization of tropical rainforest soil microorganisms in practical applications has
also been explored. Research by [64] showed that a microbial consortium isolated from Amazonian forest soil could increase the
decomposition rate of urban organic waste by up to 30% compared to conventional methods. This opens up opportunities for
developing more efficient composting technologies. Furthermore, tropical rainforest soil microorganisms also hold potential as a
source of enzymes for industrial applications. Manter et al. [65] successfully isolated the enzyme [-glucosidase from
Acidobacteria found in Costa Rican rainforest soil. This enzyme exhibits high stability at various temperatures and pH levels,
making it potentially valuable for use in the bioenergy industry.

However, the utilization of these microorganisms also faces challenges. Most soil microorganisms are difficult to culture
in the laboratory, which limits their study and application. New culturing techniques and metagenomic approaches are key to
overcoming this issue [66]. Climate change and deforestation also pose serious threats to the diversity of tropical rainforest soil
microorganisms. A study by [67] showed that global warming can alter the composition of soil microbial communities, which in
turn can affect decomposition rates and the global carbon cycle. In conclusion, tropical rainforest soil microorganisms have
enormous potential in the process of organic matter decomposition and biotechnological applications. Their high diversity and
ability to degrade various organic compounds open up opportunities for developing environmentally friendly technologies in
various sectors. However, further studies are needed to optimize the utilization of these microorganisms, as well as conservation
efforts to preserve the valuable biodiversity of tropical rainforests.

C. The Role of Tropical Rainforest Soil Microorganisms in Enhancing the Quality of Planting Media for Kepok Tanjung
Banana Seedlings

The quality of the planting media for Kepok Tanjung banana seedlings is influenced by various factors, including
composition, physical characteristics, pH, and innovative additives. Recent research indicates that optimizing the planting media
not only enhances the growth and health of seedlings but also contributes to more sustainable agricultural practices. The quality of
the planting media is a crucial factor in the successful cultivation of Kepok Tanjung banana seedlings (Musa paradisiaca L.). An
optimal planting medium must be able to provide nutrients, retain water, and have good aeration to support root growth and the
development of banana seedlings.

The composition of the planting media significantly influences the growth of Kepok Tanjung banana seedlings. Recent
research by [68] demonstrates that a mixture of soil, sand, and manure in a 1:1:1 ratio yields the best results in terms of plant
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height, number of leaves, and stem diameter of Kepok banana seedlings. Their findings suggest that this medium provides a good
balance between water retention and aeration, while also supplying sufficient nutrients for the initial growth of the seedlings.

In addition to the basic composition, the addition of organic matter to the planting media has been shown to improve
both the quality of the media and the growth of banana seedlings. A study conducted by [69] revealed that adding biochar derived
from agricultural waste to the planting media significantly increased the soil's cation exchange capacity (CEC), pH, and nutrient
availability. This resulted in a 15-20% increase in the growth of Kepok Tanjung banana seedlings compared to the control media.

The physical characteristics of the planting media also play a crucial role in the development of banana seedlings.
According to [70], optimal porosity and water holding capacity are essential for healthy root growth. A medium with a porosity of
around 50-60% and a water holding capacity of 60-70% provides ideal conditions for the development of the root system in
Kepok Tanjung banana seedlings.

Recent innovations in planting media technology involve the use of natural hydrocolloids. Research by [71] explains that
the addition of modified cassava starch-based hydrocolloids to the planting media can improve water and nutrient retention. This
results in a 30% increase in water use efficiency and accelerates the growth of Kepok Tanjung banana seedlings. The pH of the
planting media is also a critical factor that influences nutrient availability and seedling growth. Ramadhan et al. [72] reported that
Kepok Tanjung banana seedlings grow optimally in media with a pH between 5.5 and 6.5. They found that within this pH range,
the absorption of macro and micronutrients by the roots of banana seedlings is most efficient.

Furthermore, sterilization of planting media has become a focus of recent research. Kusuma et al. [73] demonstrated that
sterilizing media using the solarization method can effectively reduce soil pathogens and improve the health of Kepok Tanjung
banana seedlings. This method proved to be more environmentally friendly than chemical sterilization and resulted in a 25%
increase in seedling survival rate. In the context of sustainability, the use of organic waste as a component of planting media has
gained attention. Research by [74] explained that utilizing palm oil industry waste as a component of the planting media can
enhance the growth of Kepok Tanjung banana seedlings while simultaneously mitigating environmental issues. A mixture of 30%
palm oil waste in the planting media increased seedling biomass by 22% compared to conventional media.

These recent findings emphasize the complex interplay of various factors that contribute to the quality of planting media
for Kepok Tanjung banana seedlings. The integration of innovative materials and techniques, such as biochar, hydrocolloids, and
sustainable waste management, offers promising opportunities for enhancing seedling growth and overall agricultural
sustainability. As research in this area progresses, it is likely that new strategies will emerge that can further optimize planting
media for banana cultivation and potentially for other crops as well.

In addition to those factors, the role of tropical rainforest soil microorganisms in enhancing the quality of planting media
for Kepok Tanjung banana seedlings has become a focus of recent research. Tropical rainforests are a source of diverse soil
microorganisms that hold great potential for supporting plant growth and improving soil fertility. Research by [75] revealed that
inoculating planting media with a microbial consortium isolated from tropical rainforest soil can significantly enhance the growth
of Kepok Tanjung banana seedlings. This consortium, consisting of arbuscular mycorrhizal fungi (AMF), plant growth-promoting
bacteria (PGPB), and Trichoderma sp., increased seedling biomass by 65% compared to the uninoculated control.

Furthermore, [76] reported that the application of Bacillus subtilis strains isolated from the rhizosphere of Amazon
rainforest plants to the planting media of Kepok Tanjung banana seedlings can enhance the plants' resistance to Fusarium wilt
disease. Inoculation with B. subtilis not only increased seedling growth by 40% but also reduced the incidence of Fusarium wilt
by 70% compared to the control. Molecular analysis revealed that this bacterium induces the expression of genes related to the
plant's defense system.

Integrating tropical rainforest soil microorganisms into the development of planting media for Kepok Tanjung banana
seedlings offers a promising approach to enhance both the productivity and sustainability of banana cultivation. Combining
innovative techniques like the use of biochar, hydrocolloids, and beneficial microorganisms from the rainforest has the potential
to create a more resilient and environmentally friendly cultivation system.
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D. Potential and Challenges of Banana Development for Strengthening Food Security in Indonesia

Bananas are an essential horticultural commodity in Indonesia, holding significant potential for strengthening national
food security, especially when cultivated using tropical rainforest soil microorganisms. As a tropical country with high
biodiversity, Indonesia possesses a comparative advantage in banana cultivation, including a wealth of soil microbes that can
enhance productivity. Data from the Ministry of Agriculture, cited by [77], indicates that Indonesia's banana production in 2020
reached 7.2 million tons, confirming its position as one of the world's largest banana producers. The diversity of banana varieties
in Indonesia, reaching over 200 types [78], presents a substantial opportunity for developing varieties suited to various
environmental conditions and market demands, particularly when enhanced with adaptive rainforest soil microorganisms.

The high nutritional value of bananas is another key potential for developing this commodity, which can be further
enhanced through interactions with beneficial soil microorganisms. Bananas are rich in essential nutrients such as potassium,
vitamin B6, and fiber. Research by [79] revealed that several local Indonesian banana varieties possess high antioxidant content,
opening avenues for developing functional foods. Utilizing rainforest soil microorganisms in banana cultivation can improve
nutrient uptake and the production of bioactive compounds in the fruit.

Despite its vast potential, banana development in Indonesia also faces various challenges. One major obstacle is the
attack of diseases and pests, particularly Fusarium wilt disease caused by Fusarium oxysporum f.sp. cubense (FOC), which poses
a serious threat to banana production [80]. However, utilizing antagonistic rainforest soil microorganisms against this pathogen
can be a natural solution to address this problem. Postharvest handling also presents a significant constraint, with damage rates
reaching 20-30% due to improper handling and inadequate infrastructure [81]. Integrating soil microorganisms that can enhance
postharvest fruit resistance could help reduce these losses.

The limited adoption of modern cultivation and postharvest technologies, including the utilization of forest soil
microorganisms, also hinders the improvement of banana productivity and quality. Research by [82] indicates that the adoption of
new technologies by banana farmers remains relatively low, including the use of biofertilizers based on forest soil microbes.
Furthermore, global climate change also impacts banana productivity, with a study by [83] showing that changes in rainfall
patterns and temperature can affect banana growth and yields. In this context, forest soil microorganisms that are adaptive to
climate change can help enhance the resilience of banana plants.

To overcome these challenges and optimize the potential of bananas in strengthening Indonesia's food security, a
comprehensive development strategy is required, including the optimal utilization of forest soil microorganisms. Plant breeding to
produce superior varieties that are resistant to diseases and adaptive to climate change, enhanced with beneficial soil
microorganisms, is a key strategy. Research by [84] has demonstrated success in developing Fusarium wilt-resistant banana
varieties, which can be further enhanced through the inoculation of antagonistic soil microbes.

Developing the value chain by improving supply chain efficiency and expanding the banana processing industry can
increase value addition and reduce postharvest losses [85], especially when supported by soil microorganisms that enhance fruit
quality and shelf life. Equally important is the strengthening of institutions, including empowering farmer groups and fostering
partnerships with the processing industry, which can improve farmers' bargaining position and ensure the sustainability of banana
production [77], including the adoption of forest soil microorganism technology.

Thus, bananas hold significant potential for strengthening Indonesia's food security, especially when cultivated by
utilizing the rich diversity of tropical rainforest soil microorganisms. Various challenges need to be addressed through an
integrated approach, involving soil microbe-based technological innovations, institutional strengthening, and supportive policies.
With the right strategies, banana development can contribute significantly to national food security and the economy. Close
collaboration among the government, researchers, farmers, and industry is necessary to optimize the potential of bananas and
rainforest soil microorganisms, as well as to overcome existing challenges, thereby realizing the role of bananas as a pillar of food
security in Indonesia.
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IV. CONCLUSION

Cultivating Kepok Tanjung bananas (Musa paradisiaca L.) holds significant potential for increasing the income of
smallholder farmers in Indonesia, with a potential net income reaching Rp 25-30 million per hectare per year. However,
significant challenges in optimizing production, such as soil quality degradation, dependence on inorganic fertilizers, and
susceptibility to soil pathogens, need to be addressed to achieve sustainability in this cultivation. This literature review
demonstrates that a planting medium with an optimal pH between 5.5 and 6.5 strongly supports banana seedling growth.
Additionally, soil sterilization methods like solarization can reduce pathogens and enhance seedling survival rates. Utilizing
organic waste has also been proven to improve seedling growth and mitigate environmental impact. Overall, managing soil
microorganisms and implementing sustainable agricultural practices are crucial for enhancing the quality of planting media and
the productivity of Kepok Tanjung bananas. Recommendations for further research include exploring microorganisms that can
support more efficient and environmentally friendly agricultural practices and developing policies that promote sustainability in
the agricultural sector. With a holistic approach that combines biotechnological innovations and policy support, it is expected that
Kepok Tanjung banana cultivation can continue to contribute positively to the economy and food security in Indonesia.
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